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Customers’ attention to sustainability labels in fishery and aquaculture products (FAPs) has been increasing in the last decades, and the industry has adapted to this growing interest by adopting fish ecolabels. However, there is a growing interest to widen the sustainability concept to include the social and ethical information of the fishery and aquaculture industry and to go further from the voluntary approach on the labeling of these aspects in FAPs. For this reason, using data from 2021 Eurobarometer and using machine learning techniques, we disentangle the characteristics of the FAP buyers that consider the importance of environmental impact, ethical, and social information appearing on FAP labeling. The results confirmed that most of the consumers who consider environmental, social, and ethical aspects when buying FAPs also think that this information should be labeled. In line with other works, young, educated, and environmentally aware consumers in high-income countries are more likely to request this information in the FAP label. One interesting finding of the study relates with the asymmetric impact of the variables and the important group of respondents who do not consider these aspects but also advocate to include them in the FAP label. The study outcomes can be beneficial for policymakers to design future public policies regarding FAP labeling, as well as to be taken into consideration in the marketing policies of fishery and aquaculture producers and retailers.
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1 Introduction

The production and consumption of fishery and aquaculture products (FAPs) have a range of social, ethical, and environmental effects that condition the livelihood and well-being of many coastal communities and threaten the sustainability of seas and oceans (Nelson et al., 2022). Increasing the sustainability of these markets is a challenge for public authorities and even for the sectors and companies involved. However, the consumer does not play a minor or passive role in this process (Penca, 2020). In fact, in recent years, there has been a growing concern on the part of many consumers regarding the ethical, social, and environmental consequences of their purchases (Del Giudice et al., 2018; Panda et al., 2020), and this perception even seems to have increased after the period of the COVID-19 pandemic (Birtus and Lăzăroiu, 2021; Rydell and Suler, 2021; Glogovețan et al., 2022). This awareness manifests itself not only in an increase in supply and demand for products that certify their sustainability, but also in a demand for information that goes beyond the mandatory label.

Traceability and labeling of seafood are key elements to protect the interests and health of consumers and to move towards sustainable exploitation of maritime resources (Lewis and Boyle, 2017; Tinacci et al., 2019). Labels, in addition to providing the consumer with information on aspects such as safety, quality, health, and origin of products, also allow the communication of statements on ethical issues (Penca, 2020), which, in the fisheries sector, are related to the overexploitation of fish resources, the impoverishment of marine ecosystems, and the expression of the link between human and ecosystem wellbeing (Galati and Crescimanno, 2012; Autzen and Ounanian, 2021). In the present study, the regulations on seafood labeling have focused on requiring useful, understandable, and credible labeling that provides a minimum guarantee for the purchase and consumption process (Paolacci et al., 2021). For instance, in the European scenario, the regulations (EU) No. 1169/2011 and (EU) No. 1379/2013 specify the mandatory information that must be present on seafood labels. These standards also outline some of the voluntary information that may appear on the label, but always bearing in mind that voluntary information must not be displayed to the detriment of the space available for mandatory information. Nevertheless, the seafood market is considered to be one of the sectors where most food fraud takes place (Mariani et al., 2015; Silva et al., 2021), which can increase consumer distrust and fear. This is why the FAO itself recommends reinforcing traceability and labeling systems (FAO, 2018).

In an environment where consumer demands are continuously increasing and environmental awareness is considerable (Jacquet and Pauly, 2007), it seems that a significant group of consumers are beginning to demand labeling that goes beyond the legal requirements. This consumer interest has not gone unnoticed by companies, in both production and distribution. In fact, corporate social responsibility has become a key aspect of the current business strategy, which is partly due to the existence of a more responsible consumer concerned about the consequences of his or her purchase. This is especially significant in food products and seafoods, where this altruistic concern (self-transcendent) is mixed with one’s own concern (self-enhancing) for food safety and quality (De Dominicis et al., 2017) and quickly identifies with marine environmental problems such as overfishing, habitat degradation, the presence of micro-plastics or mercury, and the disappearance of species (Galati et al., 2015; Giacomarra et al., 2021).

To date, few studies have been carried out in order to analyze the consumers’ knowledge and perception toward seafood ecolabels and their willingness to pay a premium price for ecolabeled products (Brécard et al., 2009; Uchida et al., 2014; Bronnmann and Hoffmann, 2018). Findings reveal a positive perception and WTP of consumers for fish ecolabeling, such as MSC, FSC, or organic aquaculture, as a consequence of their awareness of the social, environmental, and economic impacts linked to their decision-making process (Onozaka et al., 2010; Salladarré et al., 2010; Uchida et al., 2014; Menozzi et al., 2020; Galati et al., 2021). In particular, the greater the environmental awareness, the more attention consumers will pay to ecolabels (Galati et al., 2021). This environmental awareness can be related to concepts such as ecological citizenship (Dobson, 2007) that encompasses a theory of change towards sustainable lifestyles and living standards (Wolf et al., 2009). This ecological citizenship can manifest itself in different ways, such as concern about climate change, the deterioration of nature, or the ecological footprint. In a similar way, the analysis of consumer altruism is the object of this study. A recent cross-country study (Galati et al., 2021) reveals that Italian and Spanish consumers with an altruistic attitude, who identify seafood products produced in a sustainable way with a greater protection of the environment and workers, pay more attention to ecolabeling during the decision-making process. However, as several authors emphasize, if it is true that consumers attach importance to the sustainability of fish products, this attention is not reflected on their choices highlighting that ethical and social considerations do not shape the fish consumers’ behavior (Verbeke et al., 2007). In line with this, McClenachan et al. (2016) find that consumers of seafood attach less importance to the benefits that their choice may have on coastal communities, highlighting the need for more information on ethical and social aspects of certifications. Moreover, as some authors emphasize, there is a lack of initial awareness of seafood ecolabels, deriving from a poor attitude or lack of interest in reading labels, and often a lack of reliable information on the environmental impacts of fishing activity (Travaille et al., 2019). This is linked to what is known as “food illiteracy” (i.e., the general lack of knowledge about production processes and their environmental impacts) and the influence that this “food illiteracy” may have on the consumers’ choices. Therefore, as some authors emphasize, knowledge of the ecolabel meaning, also through the information contained therein, is a key aspect that can make consumers’ choices increasingly responsible (Jonell et al., 2016; Winson et al., 2022). Thereby, the influence of socio-demographic characteristics on purchasing decisions is relevant. Aspects such as age, gender, education levels, and income levels have been extensively studied and tend to play a significant role in determining preferences for certified or labeled products (Pérez-Ramírez et al., 2015; Kim and Lee, 2018; Galati et al., 2021). Lastly, most of the studies cited have incorporated aspects related to the purchasing and consumption process.

In any case, the cited literature is based on determining the profile of the consumer who demands ecolabeled seafood products based on psychological and socio-demographic indicators as explanatory variables and on small samples. In light of this, the aim of this paper is to study the profile of consumers who demand additional information on the ethical, social, and environmental (ESE) effects of FAPs consumed. In detail, this study is based on the application of the machine learning ensemble algorithm of the 2021 Eurobarometer 95.1, which provides data on more than 20,000 respondents from the 27 EU countries. Machine learning techniques have recently been used to accurately predict consumer preferences, as well as to capture consumer attitudes and feelings (Hopkins, 2022; Kliestik et al., 2022; Nica et al., 2022).

Obviously, this demand for information is not widespread or homogeneous across the population. In a very simplistic way, we could identify this consumer as a citizen aware of these ethical and environmental issues, and even go further and identify it with the consumer of ecolabeled products. The study of green consumer profile has shown that these characterizations are often more complex.

The European Union (EU) market, chosen as a study area, is a mature and huge market. In 2020, the EU trade of FAPs, which is the combined amounts of imports and exports with third countries, was the highest in the world, totaling EUR 31.17 billion and 8.72 million tons (EUMOFA, 2021). EU is the fifth largest producer of FAPs in the world but reports the highest overall expenditure in FAPs. The EU supply of FAPs for human consumption totaled 14.53 million tons of live weight, with an apparent consumption of 23.97 kg per capita (EUMOFA, 2021), ranking in the eighth position in terms of expenditure per capita.

In this study, we disentangle the characteristics of the FAP buyers that consider environmental impact, ethical, and social information that should appear on FAP labeling. For this objective, we started from the previous analyses based on the characterization of an ecolabeled seafood product consumer. As expected, some of the results agree with these analyses; for example, most of the consumers who consider environmental, social, and ethical aspects when buying FAPs also think that this information should be labeled. However, an important group of those that do not consider these aspects also advocate to include them in the FAP label. Moreover, environmental awareness (reflected by their concern for issues such as climate change or the deterioration of nature) is also a distinctive aspect that dramatically increases the awareness for sustainable labeling in FAPs. Finally, and in line with other works, a whole series of socio-demographic aspects are considered and provide very interesting information. In our case, we uncovered that young, educated consumers in high-income countries are more likely to request this information in the FAP label.

The study outcomes can be beneficial for policymakers to design future public policies regarding seafood labeling, as well as to be taken into consideration in the marketing policies of fishery and aquaculture producers and retailers.



2 Methodology and Materials


2.1 Sample and Variables of the Study

For this study, we used data from the Eurobarometer 95.1 (European Commission and European Parliament, Brussels, 2021) wave that was collected by Kantar at the request of the European Commission, Directorate-General for Maritime Affairs and Fisheries, between March and April 2021. We thought that this survey is relevant as it is the third on this topic (previous ones were conducted on 2016 and 2018), and it is the main tool the European Commission uses to seek out the views of its citizens related to the state of fisheries and the maritime industry. It is used for the understanding of the EU internal market for FAPs aiming for the sustainability and prosperity of the oceans, the coastal communities, and the fishing sector, thus providing important information for companies and policymakers to adapt their strategies to the changing needs of consumers. Although the survey covered different areas of interest for the European Commission, we particularly focused on the area related to EU consumer habits regarding FAPs. This includes edible fish, shellfish (prawns or crayfish), mollusks (oysters or octopus), and seaweeds. It covers FAPs that are farmed or wild and come from the sea or freshwater sources, including raw and prepared products (fresh, frozen, or tinned). From the original 26,669 respondents, we disregarded (using qd1_3) those respondents who do not buy FAPs as these subjects were not interviewed about the habits of consumption and, therefore, about our variable of interest. The final sample is composed of 21,627 respondents, of whom 10,117 (46.78%) reported that sustainability information should not be contained in the label of fishery and aquaculture.

In the database, our objective was to characterize consumers attending their desire for labeling the environmental, social, or ethical information in FAPs. ESE information is reported in 3 separate variables with a value of 1 if it was mentioned by the subject as necessary to be included in the label or 0 if it was not mentioned (q11.4, q11.5, and q11.6 in the survey). We constructed a new variable capturing the desire for sustainable labeling as a composite of the 3 variables; thus, if a respondent mentioned any of the three, we coded it as 1, and as a 0 if it did not (q11 in Table 1). We considered this option appropriate because in the same survey, the “environmental, social, or ethical impact” as a whole is one of the possible aspects to be evaluated as the most important for the respondent when buying FAPs (qd8.6).


Table 1 | Variable description, values, and cases.



Regarding the predictor variables, we can catalogue them into three groups: the habits regarding FAPs, the socio-economic characteristics, and the environmental awareness of the respondents. The habits regarding FAPs include questions regarding the frequency on the consumption and purchase of these products, the aspects that are considered when buying these products, or the information that should be included in the product labeling. The greater awareness about ESE issues in society is considered in the buying and decision-making process (Del Giudice et al., 2018; Panda et al., 2020; Galati et al., 2021) and, therefore, has affected the demand for sustainable certifications and labels in FAP products (Onozaka et al., 2010; Salladarré et al., 2010; Uchida et al., 2014; Lewis and Boyle, 2017; Tinacci et al., 2019). Thus, we can expect that consumer consideration of ESE aspects when purchasing FAPs is positively impacting the willingness to have ESE information included on FAP labels.

Additionally, the survey includes a complete set of descriptive variables such as age, sex, country, or years of education of the respondents. Besides the socio-demographic interest related to characterize the respondents of any survey, in the preferences for certification and labeling of products, some of these respondent characteristics have been highlighted as significant (Pérez-Ramírez et al., 2015; Kral et al., 2020; Pocol et al., 2021; Galati et al., 2021). Thus, we can expect that consumer socio-demographic characteristics impact the willingness to have ESE information included on FAP labels.

Besides the consumer habits, we included the respondent characterization variables, whether the subject perceived climate change or the deterioration of nature as the single most serious problem facing the world, and to what extent climate change is a problem at this moment. Although these variables were from another area in the Eurobarometer survey on the same respondents, previous studies (see Galati et al., 2021) suggest that environmental awareness is positively related to the attention consumers pay to ecolabels, which is expected to be highly relevant to the aim of the study. Thus, we can expect that the consumer awareness is positively impacting the willingness to have environmental, social, and ethical information included on FAP labels. Table 1 includes the different groups of variables that we decided to include as predictors in previous studies, their description, and the possible values and total number of cases in the sample.



2.2 Methodtology

In this study, we aimed to identify the main characteristics that define the customers that look for sustainability information in FAP labels. In other words, what characteristics can predict if a FAP customer considers that sustainability information should be on the FAP label. This is a classification problem in which we are looking to classify an individual into two groups, those that consider that sustainability information should be in the FAP label and those that do not. In this particular case, we have a large dataset with a large number of variables and traditional multivariate techniques have difficulties in capturing the complex interrelations between the multiple variables that can affect customers’ behavior and decisions. The complexity of the problem requires exploring machine learning techniques that have been demonstrated to outperform traditional multivariate techniques in these particular environments. Machine learning algorithms used for research applications have spread broadly in a few years (Web of Science hits for machine learning have grown from around 15,000 to near 100,000 from 2011 to 2021). However, there are still areas, such as those related to the environmental management, where few studies have used the potential of these evaluation techniques. For example, Malefors et al. (2021) or Grainger et al. (2018) applied these techniques for food waste prediction, or Peiró-Signes et al. (2022) used them to classify a large amount of companies into 4 different levels of environmental orientation, to determine its drivers and to expose the combinations of endogenous–exogenous drivers for companies’ ecoinnovative orientation.

For our study, we tested a set machine learning algorithms to look for the optimal one for our classification problem. Table 2 summarizes the accuracy results (average and standard deviation) of the different machine learning algorithms. To ensure that we properly capture the algorithm performance and that the subsamples effectively represent the original sample, we used all the initial variables, algorithms default parameters, and a stratified k-fold cross-validation with five splits and three repeats. Results on Table 2 recommended XGBoost for its higher average and lower standard deviation.


table 2 | Machine learning algorithms accuracy results.



Therefore, we used Extreme Gradient Boosting algorithm (XGBoost) to answer our research questions. Figure 1 summarizes the methodological process of the study.




Figure 1 | Methodological process of the study.



XGBoost (Chen & Guestrin, 2016) is a machine learning ensemble algorithm that has been proven to capture complex interrelations between the predictor variables and to outperform other linear and non-linear algorithms in exchange for interpretability. XGBoost adds trees (weak learners) to the model of a stage-wise procedure. Classification trees are added following a gradient descent procedure to reduce the log loss. Then, the model containing multiple trees is used to predict the class of new individuals. To evaluate the performance of the model, we used accuracy that measures the percentage of cases that have been correctly predicted by a model.


2.2.1 Data Preparation

Before applying a machine learning algorithm, there is a need of data preparation to adjust for the algorithm requirements and to facilitate interpretation of the model results afterwards. XGBoost has little requirements because it can handle categorical numerical data directly. However, for interpretation purposes, we decided to convert all the categorical nominal variables to dummies. The survey also contained multiclass variables, with multiple groups to classify the respondents. Some of these variables are an aggregation of a continuous variable (i.e., age) and others are the representation of different groups (i.e., country or living area). In these cases, we decided to use predefined groups that are included in the database (for age, we use 4 class classification: 55–98, 40–54, 25–39, and 15–24) or to create groups (for the variable “country”, we classified each respondent in two groups depending on whether the GDP per capita of his or her home country is above or below the EU average). Thus, we transformed the 47 variables included in the study from the original database into 132 recoded variables.

However, not all of these variables will be relevant to determine our outcome. These “extra” variables add no valuable information and complicate the model unnecessarily. Moreover, they increase computing requirements and, in many cases, reduce the performance (Kohavi & John, 1997; Kuhn & Johnson, 2013). Using a smaller number of variables that optimize the performance is recommended (Nilsson et al., 2007). This process is called feature selection.



2.2.2 Feature Selection

To reduce the number of features for machine learning, they typically have built in algorithms based on the search for the minimal optimal (non-redundant) set of features that are useful for the prediction. These feature selection algorithms depend on the classifier and rely on accuracy to select the features, which is a sufficient condition to declare a feature as important but not sufficient to declare it as unimportant (Kursa & Rudnicki, 2010). Additionally, it requires the researcher to determine a cutoff level to include or exclude features with no objective criteria. Thus, we decided to use the BorutaShap algorithm (Keany, 2020) to determine the relevant features. Boruta uses an iterative process with a statistical test to remove the features that are demonstrated to be less relevant than their random probes (Stoppiglia et al., 2003), leading to an unbiased and consistent classification of important and non-important features.

The first step in this process is to determine the baseline performance of the model. We calculated the initial accuracy of the XGBoost model with all the features and the default options. The evaluation of the model requires dividing the dataset into two sets. The first set is used to build the model, the training dataset, and the second to validate it, the test dataset. We used a stratified 80%–20% split for training and testing. The baseline model classified correctly 67.15% (accuracy) of the cases in the testing dataset.

Secondly, we applied the BorutaShap algorithm to uncover 21 important features among all the variables (see Figure 2). Then, for the next steps in the model development, we kept only the selected features. The new accuracy for this more parsimonious model with the 21 relevant variables and the default learning parameters was 66.32%.




Figure 2 | Feature importance and summary plot. (A) SHAP feature importance, (B) Distribution of the SHAP values per feature.





2.2.3 Tuning the Model

Tuning consists of the determination of the learning task parameters that are optimal for the classification problem. The XGBoost algorithm tends to overfit to the training dataset, which eventually reduces the performance (accuracy) in the classification when we apply the model to the testing database. Controlling for the learning rate and the maximum depth of the trees, or using random subsamples of the training database, among others, creates slightly different trees, adding variance and improving the model performance.

We used a grid search procedure on the most relevant task parameters to find an optimal solution to our classification problem. Taking the default parameters accuracy as a baseline, we introduced in a step-by-step procedure that performed different task parameters. In each step, we tested one or two task parameters with multiple values. Then, we moved to the next step (the next task parameters) keeping the best parameter value from that point forward. Table 3 shows the tuning process and the corresponding accuracy for each step.


Table 3 | The outline of the tuning procedure.





2.2.4 Interpreting the Model

There are two steps in the model interpretation. The first evaluates the goodness of the model in terms of accuracy. In other words, is the model able to perform well? Second, we want to evaluate the importance and direction of the predictors in the model.

Based on multivariate thresholds, a good classification model should have a higher accuracy than the maximum chance criterion and an accuracy of 25% higher than the proportional chance criterion (Hair et al., 2014). On the other side, to evaluate the feature impact in the model, we can use Shapley or Shap values. SHapley Additive exPlanations (Lundberg & Lee, 2017; Lundberg et al., 2020) or Shap values represent a feature contribution to the machine learning model. The feature importance based on Shap values represents the average of the marginal contributions of that feature to the model. Then, the predictions are explained as the sum of the values attributed to each feature.





3 Results


3.1 Model Results

At the end of the tuning process, the accuracy of the model was 67.13%. In Table 4, we compared actual vs. predicted classes for the test sample. This accuracy is higher than the maximum chance criterion (53.2%) and an accuracy higher than 25% of the proportional chance criterion (62.7%), indicating that the model is good enough. Table 4 shows the diagonal cases that have been classified correctly, and the misclassified cases are outside the diagonal. The model performed slightly better on classifying customers who wanted sustainable information to be on the FAP labels than those who do not (69% vs. 64%).


table 4 | Model performance parameters.



Regarding the feature importance, Figure 2A collects the feature Shap values sorted by its importance (average contribution) in the model. Figure 2B shows the direction of each feature contribution and how case Shap values are distributed. Red and blue points indicate high and low values of the feature, respectively.

For example, qd8.6 represents whether the Environmental, Social, and Ethical (ESE) impact is considered among the most important aspects when buying FAPs. As this variable is either present or absent, a value of 1 (red color), that is, that sustainability aspects are considered when buying FAPs, gets high positive Shap values (between 1.2 and 2), increasing the likelihood to view sustainable impact as important to be included in FAP labels (see Figures 2B, 3A). However, we can see a high concentration of blue points close to 0, which indicates a value of 0 in the qd8.6 variable, which represents that the respondent does not consider ESE impact when buying and contributes little to the chances of the person to consider ESE impact information as important to be included in FAP labeling.




Figure 3 | SHAP feature dependence plot for two variables (A, B).



Similarly, we can evaluate the impact of the different levels of respondents’ climate change concern (qb2) in the chances to consider ESE impact information as important in FAP labeling. Figure 3B shows the increase of the Shap values as respondents’ concerns about climate change growth. Then, the higher the concern, which is a higher Shap value assigned by the algorithm, the higher the likelihood to be classified as an ESE labeling supporter.

Overall, only few features emerge as very important. In addition to the aforementioned consideration of ESE impact, respondents perceiving climate change or the deterioration of nature as the single most serious problem facing the world and those that evaluate more seriously climate change as a problem at this moment are more likely to request for sustainable labeling in FAPs. Regarding the socio-demographic aspects, we can see that being single (d7r), younger than 55 years old (d11r1), living in a large town (d25), in a high GDP per capita country (country), and not in the group with 16 to 19 years of education (d8r2) increase the chances to be classified as demanding sustainable labeling.

Regarding the consumer habits on FAPs, those that consider several aspects when buying, such as brand or quality labels (qd8_5) or the origin of the product (qd8_2), are more likely to demand sustainable labeling. This also happens with EU consumers who have preference for wild products (qd7) or who buy FAPs in a specialty store (qd3.2). On the contrary, consumers who do not have any preference for wild of farmed products (qd7) or who consume fresh fish less than once a week (qd4.2) are less likely to demand ESE information to be included in the labeling.

The Shap also allows for local interpretation. That is, we can evaluate in each particular case (respondent) how each of the characteristics and FAPs’ consumption habits are working for the classification in either one of the two groups of interest. Figures 4A, B show two particular individuals with high and low Shap values, respectively.

For example, respondents in Figure 4A show the consideration of the ESE impact when buying FAPs (qd8.6 = 1) and is the feature that pushes 1.62 units of the Shap value to the right and, therefore, increases the likelihood to be classified as a consumer who would request ESE labeling in FAPs. Similarly, in Figure 4B, the respondent correctly answering 3 out of 10 questions on how serious a problem climate change is at the moment (qb2) pushes the Shap value 0.99 units to the left (negative value), reducing the chances to be classified as a consumer who would request ESE labeling in FAPs.




Figure 4 | Local interpretation examples. Force plots for two companies (A, B).



Additionally, we performed a Pearson χ2 test and Cochran–Armitage trend test for the dummies and ordinal selected variables. The test will allow us to see whether the distribution of respondents who consider or do not consider that sustainability information should be in FAP labels varies across the levels of the variables that were relevant in our model. Table 5 summarizes the corresponding results.


Table 5 | Analysis results on the differences between the groups.



Results indicate that respondents who considered environmental, social, and ethical impact when buying FAPs are more likely to request this information to be included in the FAP label. For example, 85.38% (2,891/3,386) of the respondents who consider ESE impact when buying advocate for ESE information to be included in the FAP label, while this percentage is only 47.25% (8,619/18,241) for the group that do not consider this information should be included in the FAP label. Similarly, 82.1% (2,780/3,386) of the respondents who feel climate change as the single most serious problem today advocate for sustainable FAP labeling while this percentage is only 47.8% (8,730/18,241) for those who do not consider sustainable information necessary in FAP labels.

This raises a discussion about why people who take into consideration sustainability when buying do not feel the need to give this information through labeling (14.62%). More importantly, why do more than half of the consumers who do not consider sustainable aspects when buying actually request this information to be included in the label?




4 Discussion and Conclusion

Many studies have been focused on the consumer interest in fish ecolabels, especially on the recognition of this label (Taufique et al., 2016) and the willingness to pay for ecolabeled products (Thøgersen et al., 2010; Mulazzani et al., 2021). Ecolabels have been promoted by very diverse organizations and have been related to different specific or general aspects linked to sustainability. In fact, the first ecological labels were linked to the protection of certain species such as the Dolphin Safe, but in recent years, there has been a boom in more general ecolabels related to FAPs (i.e., MSC, ASC, FOS, BAP, and CGN). This has caused a growing interest not only from the industry but also from the academic community for studying this phenomenon from different perspectives, among which the characterization of the consumer who demands these products stands out. In any case, this type of labeling is based on voluntary approaches to sustainability; however, here we face consumer demand for sustainability information in mandatory labeling.

The growing concern about the environmental or ethical aspects involved in purchasing is evident. The adoption of labels and certificates that guarantee or highlight the sustainability of products has been the response of the industry; however, the consumer seems to demand that this information appear on the mandatory label. This impression is confirmed by the Eurobarometer 95.1 that serves as the basis for this analysis. One of the questions shows us that more than more than half of European fish consumers are in favor of additional sustainability information appearing on the label.

This key result does not require any statistical analysis, although it should lead to the reflection by public authorities and sectors. In any case, it opens an important discussion, which leads us to ask who demands this mandatory information on sustainability (and who does not). This novel approach changes the focus from previous studies that were centered on voluntary ecolabeling and the consumer, to mandatory labeling for an extended sustainability concept, including not only environmental information, but also social and ethical information.

To pose this question, we based our research on previous analyses of the profile of consumers who chose products that guaranteed sustainability through ecolabeling. In the line of these previous analyses, a first battery of indicators related to socio-demographic issues or consumptions habits were tested.

From a socio-demographic perspective, we can differentiate characteristics that are increasing the chances of being classified (or not) as an ESE-label petitioner. In particular, respondents who are between 14 and 39, are single, or live in large towns are more likely to think that ESE should be mentioned on the label for all FAPs. On the contrary, respondents with 16 to 19 years of education and aged 55 and over are less likely to think that ESE should be mentioned on the label for all FAPs. These results align with previous studies related to the purchase intention of ecolabeled products. Indeed, the knowledge of a food ecolabel is linked to the consumers’ educational level (Thøgersen, 2017) and fish ecolabels impact positively on consumers with higher levels of education (Haghiri, 2014; Rihn et al., 2019; Wang and Somogyi, 2019). Age has been identified as an element that influences the attention paid to ecolabels. Most of the studies found that young people are more concerned about products with ecolabels (Salladarré et al., 2010; Asche and Bronnmann, 2017; Mulazzani et al., 2021), but others like Galati et al. (2021) show the opposite. These studies generally had a limited scope in terms of the geographic location (the country) and the type of products included in the study, which explains the heterogeneity of the results. Indeed, we also found the economic level of the country as a significant factor in differentiating ESE-label petitioners from non-petitioners. Finally, regarding the socio-demographic characteristics of the respondents, being single increases the chances to be classified as an ESE-label petitioner.

Respondent consumption habits reveal to be marginal in the chances of being classified as an ESE-label petitioner. However, it has a greater impact on the chances of being classified as a non-ESE-label petitioner. In particular, respondents who have a very low FAP consumption (never or less than once a year) or do not prefer wild or farmed products do not think ESE information should be mentioned on the label for FAPs. Consistent with this, Mulazzani et al. (2021) found that a higher frequency of consumption is associated with a greater willingness of consumers to pay a premium price for certified products probably because they pay attention to the health and nutritional benefits (Murray et al., 2017). Other aspects that the consumer evaluates when buying FAPs, like the brand or quality labels or the origin of the product, were revealed to also have a positive impact.

A determining issue that appears in previous studies on ecolabeling is the evident relationship between environmental awareness and the consumption of sustainable products. This relationship is also evident here when we ask about the degree of concern about climate change or the destruction of nature. As expected, the most relevant aspect for consumers to demand ESE information is related to the consideration of ESE impact when purchasing FAPs. However, results indicate that an important number of consumers who do not consider ESE impact do demand ESE information to be included in the labels. In fact, considering ESE impact is an important aspect to request of ESE labeling but not considering it is not as important to the opposite. These asymmetries in the impact of the different variables are an important finding of our study. Typically, regression-based models assume symmetric relationships between the variable of interest and the predictors. That is, when one independent variable increases, that would increase the value of the dependent variable, and when it decreases, the independent variable will decrease in the same proportion. In our study, the methodology allowed us to reveal that the majority of the variables are asymmetrically related to our variable of interest (the willingness to have ESE information in FAP labels). Then, when they increase (or are present), they work to increase the likelihood of being classified in one group, but when they decrease (or are absent), they have a very small impact on the chances of being classified in the other group. Previous studies have already detected consumer behavior asymmetries (Putler, 1992; Rajagopal, 2006; Strong et al., 2019). The asymmetric relationships between the variable of interest and the predictors might indicate that the patterns or combinations of attributes that characterize respondents who think that ESE information should be mentioned on the label for all FAPs are different from those respondents who think the opposite.

Finally, the study also revealed that consumers who are sensible to climate change and to the deterioration of nature are also more likely to think that ESE information should be mentioned on the label for all FAPs. Unlike what occurred with the consideration of the ESE impact when purchasing FAPs, low values in the importance that customers give to climate change as a problem today increases dramatically the chances to be classified as a non-ESE-label seeker, while high values given to climate change have a positive but moderate impact, highlighting again the asymmetry of the drivers to the willingness to have ESE information on FAP labels.

Overall, these findings confirm that concerns for environmental issues such as climate change, which affect the marine ecosystem, are important drivers affecting the consumer buying process. The growing attention to environmental issues and the impacts of one’s choices, as some authors point out, are linked to altruism, which is linked to the desire to help others but that at the same time produce moral satisfaction and psychological benefits (Batson and Powell, 2003; Yadav and Pathak, 2016). Galati et al. (2021) found that the interest of Italian and Spanish consumers in the information contained in the labels of fish products is closely linked to the altruistic values of consumers.

The results of this research shed light on the profile of the FAP consumer and its relationship with labeling. Until now, industry and public sector efforts seem to have been directed at promoting voluntary ecolabeling aimed at attracting a highly conscious public. However, the first thing that strikes the Eurobarometer is that a major proportion would like the mandatory labeling to contain information on ethical, social, and ecological aspects. Indeed, the inclusion of the ESE information has increased since the previous Eurobarometer in 2018 (i.e., for the environmental information + 5%). This may mark a trend in the future, and it would be a key change to stop considering the ESE information as voluntary, and to start considering it as mandatory. Studying the profile of the consumer who demands information has been the objective of this research. In fact, a good part of the results are in line with previous works on the profile of the consumer of ecolabeled seafood products. However, 
the innovative methodology used here has allowed us to work with a large database that covers different countries and encompasses different issues. This study provides both managerial and political implications. From a practical point of view, this study could be useful for fishermen and fish farmers to define more effective marketing strategies capable of providing information of interest to consumers in order to make them more aware of their choices. In terms of political perspectives, results underline the need to launch communication campaigns aimed at informing and educating consumers about environmental values and the importance of protecting maritime resources. Improvement of the information literacy through education is an important way of reducing information asymmetry and guaranteeing informed choices among consumers. The latter should clearly understand not only environmental but also ethical and social implications of adopting responsible behavior in the fishery and aquaculture sector. In light of this, future amendments to the EU regulation on mandatory information in seafood labels (EU 1379/2013) should provide for the inclusion of environmental, ethical, and social information in order to create greater consumer awareness on the consequences of their choices on the marine ecosystem and on marine communities.



5 Limitations and 
Future Directions

The study is not without limitations. The data were collected during the coronavirus pandemic; therefore, it can deviate from previous regular citizen behavior. In particular, the majority of the respondents (80%–84%) reported that their consumption of FAPs remained about the same as a result of COVID-19. Respondents who changed their consumption as a result of the COVID-19 pandemic reported that the main reasons to change is related to health and financial reasons. COVID-19 has accelerated some changes in society. We can probably expect a faster evolution on the environmental, social, and ethical awareness of FAP consumers’ tendency in the different waves of the survey that will have to be monitored in further research.

In addition, due to COVID-19, some countries only conducted online interviews in the form of probabilistic or access panels while other countries did it face-to-face. The different interview methods can cause interviewer effect and social desirability, attitudinal and demographic differences, or mode differences that can bias the results (Duffy et al., 2005).

The study was restricted to the socio-demographic and consumer habits regarding FAP data collected in the survey. Other socio-demographic information or consumer habits regarding other products, particularly food products, can also have an influence on consumer behavior and particularly to their position regarding the inclusion of ESE information in food products and, particularly, in FAPs. Further research on how general behavior and food consumer behavior affect the request for ESE information in FAPs is necessary.

Machine learning algorithms have a typically better performance in classification problems than traditional multivariate techniques, and they are very useful in environments with large datasets and a considerable number of variables. However, to the researcher, the model is like a black box, making it difficult to disentangle the logic and the connections between the variables involved in the prediction. For example, the consumer combinations of conditions that lead to a certain consumer behavior cannot be deduced from the model. This limitation opens the possibility for future research to combine the use of machine learning algorithms with other methodologies, like in Peiró-Signes et al. (2022), to complement the analysis, the results, and the conclusions of the study.

Finally, some study results (e.g., more than half of the consumers who do not consider sustainable aspects when buying actually request for ESE information to be included in the label) require further research to reveal the underlying reasons for these consumers’ point of view.

Thus, the results obtained and the methodology used have opened the door to future research that delve into this key issue for the future of the fishery and aquaculture sector, as well as for the sustainability of the entire maritime system.
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qdd_2_Less than once a month
qbla_Climate change

d8r2_20+

qd8.4_The cost of the product

True label

Feature value

qd7_You have no preference

d7r_single
d8r2_still Studying

MNB  SVM KNN

qd1_2_At least once a month but less than once a week

qd1_2_Never

qd1_2_Less than once a year

qbla_Deterioration of nature

0 d63_The working class of society

Predicted label

d11r1_25-39

Feature selection (Boruta
( Accuracy=67.13% 5 ke vale Gmpact on ol sutput)

algorithm)

Final model parameters
max_learning_rate= 0.2
max_min_child= 2
max_max_depth=5
max_subsample= 0.6
max_colsample= 0.8
max_reg_alpha=0
max_gamma=0

21 Variables selected

Model tunnning (grid search)
Base model
Step 1: Tune learning rate
Step 2: Tune max_depth and
min_child_weight

Step 3: Tune subsample and
colsample_bytree

Step 4: Tuning Regularization
Parameter (reg_alpha)

Step 5: Tune gamma
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Description Values (Number of cases)

Consideration of “Climate change” or “Deterioration ~ Climate change (4,017)
of the nature” as the most serious problem facing the Deterioration of the nature (1,599)

world as a whole

Seriousness of climate change (scale 1 to 10; 10,
an extremely serious problem; 1, not at all a serious
problem; 0, don’t know)

Eat FAPs at home —frequency

Eat FAPs at restaurants and other food outlets
(canteens, bars, market stands, etc.)—frequency

Buy FAPs —frequency

Purchase of FAPs —where

Eat FAPs over the last 12 months —frequency

FAPs—wild or farmed preference

When you buy FAPs, which of the following aspects
are the most important for you?

Ethical, Social or Environmental information in FAP
labels

Age

Marital status

Education (years old when stopped full-time
education)

Gender

Current occupation

Living area
Household members
Social status perception

Country above or below the average EU Gross
Domestic Product (GDP) per capita

10 (6,548), 9
(307), 0 (24)

(2,729), 8 (4,026), 7 (3,295), 6 (1,747), 5 (1,556), 4 (629), 3 (616), 2 (250), 1

At least once a week (8,708), At least once a month but less than once a week (7,987),
Several times a year but less than once a month (4,510), Less than once a year (274),
Never (131), Don’t know (17)

At least once a week (1,748), At least once a month but less than once a week (3,856),
Several times a year but less than once a month (8,104), Less than once a year (4,668),
Never (3,120), and Don't know (131)

At least once a week (7,208), At least once a month but less than once a week (8,756),
Several times a year but less than once a month (5,663), Less than once a year (0), Never
(0), Don’t know (0)

At a street market (2,949), At a fishmonger, a fishmonger’s stall in a market hall or a
specialist store (9,053), At the grocery store, supermarket, or hypermarket (17,580), At

a fish farm or at the fish harbor/fish auction or from the fisherman (2,094), Online (567),
Other (31), Don't know (19)

Fresh products, including live:

Every day (595), Several times a week (2,178), Once a week (4,579), Once or twice a
month (5703), Less than once a month (7,343), Never (773), Don’t know (219)

Frozen products, including live:

Every day (186), Several times a week (1,657), Once a week (3,872), Once or twice a
month (7,600), Less than once a month (7,287), Never (629), Don’t know (159)

Frozen raw fish: Every day (113), Several times a week (892), Once a week (2857), Once
or twice a month (6,114), Less than once a month (9,468), Never (1,578), Don’t know
(369)

Frozen prepared or processed fish:

Every day (107), Several times a week (809), Once a week (2,751), Once or twice a month
(6357), Less than once a month (9,567), Never (1442), Don’t know (358)

Products that are smoked, salted, dried or in brine: Every day (189), Several times a week
(1,061), Once a week (2,583), Once or twice a month (6,371), Less than once a month
(9,344), Never (1,505), Don't know (337)

Tinned products: Every day (183), Several times a week (1,390), Once a week (3,726),
Once or twice a month (7,114), Less than once a month (8,055), Never (763), Don't know
(159)

Wild (6,970), Farmed products (1,334), No preference (,6092), You do not know if the
products you buy or eat are wild or farmed (3,762), It depends on the type of product
(3,430), Don't know (39)

How easy and quick it is to prepare (5,590)The origin of the product (10,079)The product’s
appearance (e.g., freshness and presentation) (13,192)The cost of the product (12,217)
The brand or quality labels (e.g., PGl and PDO) (4,621)The environmental, social, or ethical
impact (3,386)Other, None, Don't know (95)

Should be mentioned (11,510)

Not mentioned (10,117)

565-98 (9,599), 40-54 (6,158), 25-39 (4,340), 15-24 (1,525), Refusal (5)

(Re)Married (11,963), Single (3,748), Single living with a partner (2,637), Divorced or
separated (1,777), Widow (1,420)Other (65), Refusal (17)

20+ (10,097), 16-19 (7,378), 15- (1,533), Still Studying (1,501), Don’t know (717), Refusal
(246), No full-time education (155)

Woman (11,264), Man (10,363)

Retired (5,573), Managers (3,955), Manual workers (3,691), Other white collars (2,990),
Self-employed (1,885), Students (1,501), Unemployed (1,117), House persons (915)
Large town (7,039), Small/middle town (7,954), Rural area or village (6,633)

One (4,483), Two (7,741), Three (4,070), Four or more (5,333)

The higher class of society (247), The upper middle class of society (2,550), The middle
class of society (11,483), The working class of society (3,763), The lower middle class of
society (3,396), DK, None, Other, Refusal (188)

Below (16,434): Hungary, Romania, Czech Republic, Poland, Portugal, Bulgaria, Croatia,
Slovenia, Lithuania, Estonia, Spain, Greece, Latvia, Slovakia, Malta, Cyprus, and Italy
Above (10,235): Belgium, Denmark, Finland, France, Ireland, Luxembourg, The
Netherlands, Austria, Sweden, and Germany
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Attributes considered when buying FAPs
qd8.2_The origin of the product

qd8.4_The cost of the product
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Respondent orientation towards climate change
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gb1ia_Climate change
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8,379 (85.01%)
1,478 (14.99%)
9,609 (94.98%)
508 (5.02%)
8,322 (82.26%)
1,796 (17.74%)
5,200 (51.4%)
4,917 (48.6%)
6,336 (62.63%)
3,781 (37.37%)
6,694 (66.17%)
3,423 (33.83%)
7,018 (69.37%)
3,099 (30.63%)

5,944 (58.75%)
4,173 (41.25%)
4,041 (39.94%)
6,076 (60.06%)
8,548 (84.49%)
1,569 (15.51%)
9,622 (95.11%)
495 (4.89%)

9,524 (94.14%)
593 (5.86%)

8,880 (87.77%)
1,237 (12.23%)

(70.59%)
29.41%)
(68.26%)
(31.74%)

7,142 )
)
)
)
60.64%)
)
)
)

2,975
6,906
3,211
6,135
3,982
6,433
3,684
8,458
1,659

39.36%
63.59%
36.41%)
83.6%)
16.4%)

9,240 (80.28%)
2,270 (19.72%)
10,493 (91.16%)
1,017 (8.84%)
8,965 (77.89%)
2,545 (22.11%)
6,828 (59.32%)
4,682 (40.68%)
7,913 (68.75%)
3,507 (31.25%)
6,374 (55.36%)
5,139 (44.64%)
7,517 (65.61%)
3,940 (34.39%)

5,604 (48.69%,
5,906 (51.31%,
5,369 (46.65%)
6,141 (53.35%,
8,458 (73.48%,
3,052 (26.52%,
8,619 (74.88%,
2,891 (25.12%,

10,504 (91.26%)
1,006 (8.74%)
8,730 (75.85%)
2,780 (24.15%)

7,515 (65.29%)
3,995 (34.71%)
8,629 (74.97%)
2,881 (25.08%)
6,439 (55.94%)
5,071 (44.06%)
7,907 (68.7%)

3,603 (31.3%)

9,007 (80.77%)
2,213 (19.23%)

All the variables included in the table showed significant differences between the groups at the p = 0.001 level. ltalic values indicate that the variable acts by increasing the likelihood

of being classified as not demanding of ESE information on FAP label.

Own elaboration.





