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Abstract: Fish and seafood are central to the Portuguese diet, comprising a significant portion of
Portugal’s Ecological Footprint. Diversifying dietary preferences is important because it has the
potential to reduce pressure on marine ecosystems. We explored this opportunity by coupling (1) an
Ecological Footprint assessment of Portugal to quantify the environmental impacts of Portugal’s
food consumption choices (particularly fish and seafood), with (2) a consumer survey to assess
attitudes towards fish and seafood of Portuguese residents and their willingness to modify their
preferences, thus shedding light on the potential for sustainable dietary choices in Portugal and the
best strategies by which to achieve them. Ecological Footprint results confirm that Portugal is unique
in the Mediterranean region in that its food Footprint is driven by fish and seafood consumption,
while, for most other countries, the main driver is meat. Results from the consumer survey show
that Portuguese fish and seafood preferences are characterized by a high frequency of consumption
and a preference for high trophic level species. Age was the primary demographic factor influencing
consumption habits in Portugal. Moreover, Portuguese consumers lack knowledge on sustainable
fishing practices. Actions and strategies to increase sustainable dietary choices in Portugal will need
to consider these factors. We recommend targeted outreach messaging for different age groups, more
and better information on sustainable options, together with efforts to protect marine biodiversity.
Future research needs to better understand the whole value chain and all relevant stakeholders of the
fish and seafood sector for more effective incentives for Footprint reduction.

Keywords: fish and seafood consumption; dietary habits; consumer preferences; Ecological Footprint;
sustainable consumption

1. Introduction

Sustainable resource management is critical to ensuring the long-term viability of the
biodiversity and ecosystems on which human societies depend. Key to effective resource
management is accurate measurement of the supply and demand of natural resources. The
Ecological Footprint is a resource accounting tool that assesses two criteria necessary for a
sustainable society; one that the rate of humanity’s demand on renewable resources does
not exceed the Earth’s ability to generate those resources, and the other that the rate at
which humanity produces waste does not exceed the Earth’s capacity to assimilate that
waste [1,2].

Decision-makers must rely on the best available information to shape sustainable de-
velopment outcomes, as set forth in the Sustainable Development Goals (SDGs). However,
trade-offs exist between different indicators that measure progress towards SDGs [3]. For
example, the desire to increase gross domestic product (GDP), one of the indicators for SDG
8 (“Decent Work and Economic Growth”), further increases the consumption of natural
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resources on a planet with finite resources, negatively impacting SDGs 12 (“Responsible
Consumption and Production”), 14 (“Life Below Water”), and 15 (“Life on Land”) [3,4].

Other indicators must thus be considered in conjunction with popular economic indi-
cators (i.e., GDP), covering areas of wellbeing, environment, and society, in order to achieve
sustainable development that does not compromise “the ability of future generations to
meet their own needs” [5,6]. On the environmental side, such indicators include, among
others, Footprint-types of indicators [7] such as Carbon Footprint, Water Footprint, and
Ecological Footprint, each measuring different environmental externalities and impacts
associated with human activities [6]. Here, we focus on the Ecological Footprint, the envi-
ronmental metric that quantifies the human appropriation of the regenerative capacity of
the biosphere [8,9], due to its ability in framing and measuring both the human-demand
and the earth-supply sides of the sustainability equation.

The Ecological Footprint can be measured across various scales (e.g., individual, local,
regional, national, or global), and includes the actual provision of natural resources, the
biologically productive space required to accommodate human settlement, and the biologi-
cal productivity needed to absorb waste in the form of carbon dioxide emissions [1,10]. It
is paired with biocapacity, which measures the amount of biological resources and services
ecosystems are capable of producing each year [1,11].

With the dual climate and biodiversity crises coming to a head in recent years, there
is a need to understand how localized actions and consumptive behaviors impact global
environmental systems as fundamental as climate and nutrient cycling [12]. This “global”
perspective has given rise to an increased interest in natural resource accounting to inform
local sustainable consumption policies and to connect local actions and policies to global
sustainability objectives and agendas (e.g., [13,14]).

In Portugal, national and municipality-level EFAs have shown that food consumption
is a main driver of Portugal’s Ecological Footprint [15], comprising nearly 30% of its
Ecological Footprint, with fish and seafood contributing to the greatest portion (closely
followed by meat) [15]. In fact, in 2019, Portugal was the highest per capita fish consumer
in the European Union (59.9 kg per capita), and one of the highest in the world [16,17].

Despite the long maritime heritage of Portugal and an Exclusive Economic Zone
(EEZ) of 1.7 million km? (almost 50% of the EU’s EEZ), Portugal does not depend on
national fish catches as much as it has in the past. The fishing sector was the primary
means of subsistence in coastal communities, which depended almost exclusively on
fisheries and related activities, but today, it represents less than 1% of the national GDP
and 0.6% of total employment in Portugal [18]. The total fish catch in Portugal in 2010
was about 222 thousand tons live weight from the marine areas covered by EU statistics,
corresponding to about 4.5% of EU fish catches [19]. In 2019, the Portuguese fish catch was
reduced by 21% to about 185 thousand tons [19]. This is in line with the gradual decrease
in total fish production in Europe since the late 1980s (although recovering slightly in the
last few years), and opposite to the global increase in fish production from 101.8 million
tons in the 19861995 decade to 178.5 million tons in 2018 [20]. Despite such a decreasing
EU trend, [15] concluded that, in Portugal, fish and seafood represent the single highest
import of biocapacity from abroad, amounting to 1.6 million global hectares in total. The
Portuguese population relies on biocapacity from abroad for approximately 60% of its fish
and seafood Footprint. The highest pressures are placed on ecosystems in Spain (33.2%),
Norway (6.7%), Senegal (2.6%), and other Western African countries (2.7%), as well as
Sweden (1.4%) [15].

The habits of fish and seafood consumption have been described as substantially
varying from country to country, mainly related to socio-demographic characteristics, as
well as regional and traditional factors [21-24]. Some explanations in Portugal relate to
tradition and cultural roots (e.g., fisheries and processing industries heritage, culinary
traditions, the influence of religion), politics (e.g., governmental fish campaigns and the
influence of the European Union Fisheries Policy), as well as the dynamics of the fish
market system and the Portuguese geography (e.g., proximity to marine resources through
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a large coastal area, a vast Exclusive Economic Zones, and more than 76% of the population
living in coastal areas), which makes fisheries and the consumption of seafood products
extremely valuable [25-27]. In addition to high fish and seafood consumption, Portuguese
consumption is characterized by a wide diversity of species and preparation modes.

Sea surface temperature rises and increased ocean acidification due to climate change,
when coupled with Europe’s already depleted fish stocks [28], places Portugal’s dietary
and cultural habits at risk (e.g., [29]). Lowering Portugal’s high Footprint of consumption
of fish and seafood could reduce fishing pressure on marine species and Portugal’s reliance
on scarce resources. Therefore, the aim of this study is to: (1) quantify the environmental
impacts of Portugal’s food consumption choices, particularly regarding fish and seafood;
(2) investigate consumer attitudes towards fish and seafood—via a 26-question survey
distributed via a computer-assisted web interview (CAWI) methodology—to understand
the dietary preferences of Portuguese residents; and (3) assess whether a willingness exists
to modify fish and seafood choices, thus shedding light on the potential for more sustainable
dietary choices in Portugal and the best transition strategies for favoring it.

2. Materials and Methods
2.1. Ecological Footprint Assessment

To calculate the Ecological Footprint of fish and seafood consumption in Portugal,
a top-down environmentally-extended multi-regional input-output (EE-MRIO) Ecolog-
ical Footprint Assessment was used [30,31]. EE-MRIO allows for the calculation of the
Ecological Footprint of the final demand for goods and services within various economic
sectors grouped by the standard Classification of Individual Consumption According to
Purpose (COICOP) (UN Statistics Division). EE-MRIO analyses shed light on the degree of
different pressure consumption activities within a population’s economy exerted on the
planet’s biocapacity.

Although the Ecological Footprint of fish and seafood consumption in Portugal has
previously been calculated by [15,32], this study recalculates the value, using updated data
from the 2020 Edition of the National Footprint and Biocapacity Accounts (NFBA) [33]
and version 10 of the Global Trade Analysis Project (GTAP) MRIO model [34,35]. The
latest data year in the NFBA 2020 edition is 2017, while in GTAP 10 is 2014 (to account
for the difference in data years, economic sectors were scaled in GTAP, standardized to
the COICOP household expenditure classification system [36], to the national Footprint
in NFBA data year 2017. Although such scaling allows for understanding consumption
patterns across time, the Ecological Footprint of each food sub-category was only calculated
for the latest GTAP data year (2014) to limit methodological assumptions).

The two NFBA'’s output metrics, Ecological Footprint and biocapacity, are measured
in global hectares (gha), a unit of area proportionally adjusted to world-average biopro-
ductivity, which accounts for the varying productivity of different ecosystems and allows
the metrics to be comparable across space and time [1,10]. Six land types are considered:
cropland, grazing land, fishing grounds, forest land, built-up land, and the area needed to
sequester CO, emissions [1,10].

GTAP is an input-output database of monetary flows between 65 economic sectors
in 141 countries and regions, aggregated into three final consumer types: households,
government, and fixed capital [34].

EE-MRIO analysis was used, following the methodology in [32], to combine Portugal’s
national Footprint of production with GTAP monetary flows, allocating the country’s
Ecological Footprint to specific consumption categories (see Figure 1).
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Figure 1. Flowchart of the top-down environmentally-extended multi-regional input-output
(EE-MRIO) methodology used to calculate the Ecological Footprint of Portugal.

The resulting output is a matrix showing the resource requirements by each sector
in the Portuguese economy, and final consumer types (household, government, and fixed
capital) across the six Ecological Footprint land types—including both food-related and
food-unrelated sectors. To derive Ecological Footprint values by specific consumption
categories, including fish and seafood, a sector-to-household concordance table was used to
allocate the Ecological Footprint in each of the 65 GTAP sectors to the COICOP categories,
resulting in a COICOP Land Use Matrix (CoLUM) for household consumption in Portugal.

The category of focus for this study is COICOP category CP011 “Food and non-
alcoholic beverages”, which has 10 sub-categories, of which CP011.3 is “Fish and Seafood”.
In line with [37], the fish and seafood Footprint is thus defined as the demand for all six
Footprint land types connected to the individual consumption of the products listed within
the COICOP category CP011.3 Fish and Seafood.

2.2. Consumer Survey

A consumer survey was distributed in Portuguese language and developed follow-
ing the methodology in [37]—which applied a similar survey in three Mediterranean
countries (Croatia, Italy, and Turkey)—to understand: (1) fish and seafood purchasing
habits of Portuguese residents; (2) whether or not a willingness to change their preferences
exists; (3) consumers’ perception of key aspects of fish and seafood sustainability; and
(4) subjective knowledge about small-scale fisheries and their sustainability compared to
large-scale fisheries.

The survey consisted of 26 closed-ended questions and took approximately 10 min to
complete. Only fish and seafood products were included in this survey, not aquaculture
or freshwater fish products. The survey aimed to holistically capture the social, economic,
demographic, and environmental drivers of consumer behaviors and preferences.

A market research company distributed the survey to 1000 Portuguese residents using
the computer-assisted web interview (CAWI) methodology. Surveys were distributed across
Portugal’s five continental NUTS II regions to ensure adequate geographical representation
of consumer habits and perceptions throughout the country. Interviewees were recruited
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through an online panel, which was defined by the market research company, taking into
consideration quotas for gender, age group, and geographic areas representatives of the
country’s socio-demographic factors, to ensure representativeness of the sample (Figure 2).
Interviews were conducted in February 2020 and lasted two weeks. Survey results were
analyzed with a chi-squared test of independence, using an alpha level of 0.05.
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Figure 2. Socio-demographic characteristics of the Portuguese survey participants. * indicates
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3. Results
3.1. Portugal’s Ecological Footprint and the Contribution of Fish and Seafood

The per capita Ecological Footprint of Portugal from 2011 to 2017 ranged from 3.7 to
4.1 global hectares per person [33] (Figure 3). During this time period, Portugal’s biocapacity
ranged from 1.2 to 1.3 global hectares per person, indicating that Portugal was experiencing
a biocapacity deficit. Demand for ecosystems’ carbon sequestration capacity (i.e., carbon
Footprint) contributed the most (56%) to Portugal’s Ecological Footprint in 2017, followed
by cropland (20%) and fishing grounds (9%) Footprints in 2017 (Figure 3).
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Figure 3. The per capita Ecological Footprint by Footprint type (stacked columns) and biocapacity
(dark green line) of Portugal from 2011 to 2017.
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EE-MRIO analysis, which combined Portugal’s Ecological Footprint with GTAP mone-
tary flows, showed that the “Food and non-alcoholic beverages” consumption category
consistently contributed the most to Portugal’s Ecological Footprint, comprising 29% of the
country’s Ecological Footprint in 2017, followed by “Transportation” at 17%, and “Gross
Fixed Capital Formation” at 12% (Figure 4).

4.5
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Figure 4. The per capita Ecological Footprint of Portugal by COICOP consumption category, with
categories that are less than 0.10 global hectares per person (“Household furnishings, equipment and
maintenance”; “Health”; “Communication”; and “Education”) and the “Miscellaneous goods and
services” category grouped into “Other”.

CoLUM analysis, which derived Footprint values for more specific consumption cate-
gories, shows that the “Fish and Seafood” sub-category contributed the most to Portugal’s
food Footprint, comprising 26% of the Ecological Footprint of “Food and non-alcoholic
beverages” in 2014, followed by “Meat” at 23%, and “Bread and Cereals” at 11% (Figure 5).
Further analyzing the contribution of each Footprint type to the “Fish and Seafood” con-
sumption sub-category showed that the fishing grounds Footprint contributed the most at
79%, followed by the carbon Footprint at 10%, and the cropland Footprint at 9% (Figure 5).

global hectares per capita
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Figure 5. The per capita Ecological Footprint of each subcategory of “Food and non-alcoholic
beverages” by Footprint type in Portugal for the year 2014. “Food products n.e.c.” denotes food
products not elsewhere classified.
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3.2. Consumer Survey Results

Results from the 1000 surveys (see Supplementary Materials for full details) show
that age, and, to a lesser extent, NUTS II region of residence, were the primary factors
influencing the consumption of fish and seafood, and associated behaviors and preferences.
Overall, this food is strongly present in the Portuguese diet, with 89% of survey respondents
eating fish and seafood at least once per week. We found a significant relationship between
age and the frequency of fish and seafood consumption in Portugal (p = 0.004), with
gender (p = 0.56), NUTS II region of residence (p = 0.93), distance from the coast (p = 0.54),
education (p = 0.18), and family structure (p = 0.06) having no significant relationship.
Survey respondents aged 55 and over reported that they ate fish and seafood “almost every
day” at nearly double the rate than the other age groups in the survey.

Survey respondents had a strong preference for purchasing fish and seafood at the
supermarket, with 77% selecting this option as the main place they purchase it (Figure 6).
We found a significant relationship between region of residence and place of purchase of
fish and seafood (p < 0.001), with survey respondents from the North region purchasing
more fish and seafood at specialized markets than expected from the chi-square test, and
respondents from the Algarve region purchasing more fish and seafood at local markets
than expected (Figure 6).

90%
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40%

30%

20%

10% I

o | [ I - — _

Supermarket Local market  Specialized fish Frozen food shop Directly from E-commerce
shop fisher

M North Center Lisbon Metropolitan Area M Alentejo Algarve

Figure 6. Primary place of purchase of fish and seafood in each region.

When asked about the assortment of fresh fish and seafood available at the store
where survey participants buy their food most often, the majority thought the assortment
was “quite broad” (69%), followed by “very reduced” (19%), and “very broad” (9%). We
found a significant relationship between age and perception of fish and seafood assortment
(p = 0.002), with more survey respondents aged 55 and over finding the assortment to be
“quite broad”, and more respondents aged 18-35 selecting “very reduced”.

Survey respondents consumed a wide variety of fish and seafood, with 59% selecting
“sea bass, sea bream, cod, and snapper” as the main species they purchase, followed by
“tuna, swordfish, and salmon” (22%), “sardine, anchovies, and herrings” (8%), “squid,
cuttlefish, and octopus” (7%), “lobster, crabs, and prawns” (2%), and “scallops, mussels,
and clams” (0.4%), with 3% responding “other”. We found significant relationships between
the types of fish and seafood purchased and age (p = 0.035) and geographic area (p = 0.013)
(Figure 7). Survey respondents aged 55 and over bought more “sea bass, sea bream, cod,
and snapper” than any other age group, while respondents aged 18-35 bought more “tuna,
swordfish, and salmon” than any other age group (Figure 7a). There were also regional
differences in the types of fish and seafood purchased, with Algarve purchasing less
“tuna, swordfish, and salmon” than the other regions, and Algarve and the North regions
purchasing more “sardines, anchovies, and herring” than the other regions (Figure 7b).
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Figure 7. Main types of fish and seafood purchased by (A) age group and (B) region of residence.

Survey respondents preferred purchasing fresh fish and seafood (84%), with 15%
preferring to purchase these products frozen, and 1% preferring canned. There were no
significant relationships between any of the demographic factors and preference for fresh,
frozen, or canned fish and seafood.

Survey participants displayed a curiosity toward different types of fish and seafood
than what they typically consume, but this did not always result in a purchase of unfamiliar
food. A total of 43% of survey respondents reported that they “always or frequently” look
if there are different types of fish from those they usually buy when purchasing seafood,
with 52% responding “sometimes”, 6% responding “rarely”, and only 0.3% selecting
“never”. However, only 7% of survey respondents indicated that they “frequently” try fish
and seafood that is new or unfamiliar to them, with 47% responding “sometimes”, 44%
responding “rarely”, and 3% selecting “never”. There was a very significant relationship
between age and curiosity towards different types of fish (p < 0.001), with older people
showing a higher degree of curiosity than younger people (Figure 8), and a significant
relationship between age and frequency of consumption of unfamiliar fish and seafood
(p = 0.04), with the youngest age group purchasing unfamiliar food less frequently than all
other age groups.

When asked why survey respondents do not taste new or unfamiliar fish and seafood,
56% selected “high price”, 43% selected “unknown flavor”, 40% said it was because they
did not know how to cook or prepare that type of food, 25% selected “uninviting and/or
unappetizing aspect”, 16% did not try the unfamiliar product due to the origin of the food,
9% had no interest in tasting new products, 9% did not want to try new fish and seafood
due to the production method (e.g., wild caught, farm-raised), and 7% selected “I do not
use that type of fish in my culture/community”, with 1% having other reasons for not
trying unfamiliar fish and seafood. Interestingly, younger people were more concerned
about unknown flavor and unappetizing aspects, while older survey respondents were
more concerned about origin and production method (Figure 9).
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Figure 8. The frequency at which each age group looks for different types of fish and seafood than
those they usually purchase.
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Figure 9. Reasons for not tasting new or unfamiliar fish and seafood by age group.

More than half of survey respondents indicated that price (57%) and freshness (56%)
were important factors when shopping for fish and seafood, followed by taste and texture
(37%), health and nutritional benefits (31%), habit (19%), knowledge of preparation and/or
cooking methods (16%), country or zone of origin (14%), production method (12%), sus-
tainability of production and/or fishing method (12%), level of processing of fish upon
purchase (e.g., whole, gutted, filleted, ready for consumption) (8%), and purchasing a
trusted brand (8%), with 8% selecting other reasons (Figure 10). A greater percent of survey
respondents aged 55 and over selected “freshness” relative to other age groups, while a
greater percentage of respondents aged 18-35 selected “taste and texture” and “knowledge
of preparation and/or cooking methods” compared to other age groups. While survey
respondents from all regions in Portugal generally shared similar perceptions about im-
portant factors when shopping for fish and seafood, a much greater percentage of survey
respondents from the Alentejo region selected price as an important factor (71%) compared
to other regions.

Survey participants had mixed responses as to what they believe to be the primary
element that defines sustainable fishing practices, with 26% selecting “seasonality”, fol-
lowed by 20% selecting “healthy fish populations”, 15% selecting “fishing practices and
gear that do not damage the environment”, 13% selecting “minimizing unwanted catch
of endangered species”, 6% selecting “supports the local economy”, 5% selecting “fishers
that are actively and locally involved in resource management”, 9% selecting other reasons,
and 6% stating that they did not know enough about sustainable fishing to answer the
question (Figure 11). There were no significant relationships between demographic factors
and perceptions about what defines sustainable fishing.
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Figure 10. Important factors when shopping for fish and seafood by (A) age and (B) region of residence.
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Figure 11. Perceptions about what defines sustainable fishing across all survey respondents.

The majority of survey respondents (67%) stated they would like to be informed while
shopping for sustainable fish and seafood through information on the label, packaging,
or tag of the food. Only 2% of survey respondents indicated that they do not want to be
informed about sustainable fish and seafood products. There was a significant relationship
between age and medium of sustainability information (p = 0.02), with 33% more respon-
dents aged 18-35 stating they would like to be informed via an “app downloadable on the
phone with which you can calculate the sustainability of the products” than expected, with
20% less respondents aged 55 and over selecting this option than expected. Interestingly,
30% more survey respondents aged 55 and over selected a “QR code on the label or tag
that leads to information on sustainability” than expected.

When asked about awareness of different fishing methods, the majority of survey
respondents (71%) had heard of small-scale fisheries, but few (7%) felt like they were
very informed about them. Survey participants aged 55 and over were the most aware
of small-scale fisheries, with 86% indicating they had heard of small-scale fisheries, while
survey participants aged 18-35 were the least aware, with 50% indicating they had heard
of small-scale fisheries. Most survey respondents (61%) perceived small-scale fisheries to
be more sustainable than large-scale fisheries. After being shown the definition of “small-
scale fisheries”, (definition provided in survey: “Small-scale fisheries (SSFs) are fishing
households, as opposed to commercial companies, who are self-employed fishers engaged
in directly providing food for their household and communities using smaller vessels and
relatively low-tech gear”) 91% of survey respondents indicated that they would consider
purchasing a different type of fish if they knew that it was caught by artisanal small-scale
fisheries rather than industrial large-scale fisheries, with survey respondents aged 55 and
over selecting “very likely” more than any other age group (47%), and survey respondents
aged 18-35 selecting that option the least (28%), though selecting “quite likely” more
than any other age group (60%). Few survey participants selected “little likely” (8%) and
“not likely” (2%).

4. Discussion

Compared to other countries in the Mediterranean region for which the main driver of
the food Footprint is meat [32,37], our results confirm that Portugal is unique in that its food
Footprint is driven by fish and seafood consumption (26%), motivating the urgent need
to focus on alternative fish and seafood consumption behaviors and attitudes in Portugal,
particularly given Portugal’s biocapacity deficit.

While the overall Ecological Footprint of Portugal has changed over time from 2011 to
2017, ranging from 3.67 to 4.10 gha per person (with an average of 3.93 gha per person),
the country’s food Footprint has remained quite stable, ranging from 1.09 to 1.17 gha per
person (with an average of 1.14 gha per person). This is unsurprising given that food is a
basic human need and its consumption, and thus associated Footprint, is not that variable.
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In addition, food consumption in Portugal, particularly fish and seafood, is deeply tied
to history and culture. During the time of the Portuguese discoveries in the 15th and 16th
Centuries, religion was one of the main drivers of fish consumption; the Catholic Church
forbade meat meals for 170 days of the year [27]. The clergy associated fish consumption
with the purification of the body and soul, a belief that endures to this day [27]. The
religious influence, together with other important social and cultural drivers (e.g., culinary
traditions, coastal communities’ relevance) [25], justifies the fact that, indeed, fish and
seafood consumption is a widespread practice in Portugal. A total of 89% of survey
respondents reported eating these foods at least once per week, with residents 55 and
over eating them “almost every day” at nearly double the rate than other age groups. A
2012 Portuguese fish and seafood consumer study with similar demographics showed
similar results: the frequency of fish and seafood consumption was on average three times
per week [38].

In general, preferred species for consumption were in alignment with past
studies ([25,27,38]). Cod (salted and dried) is one of the most consumed species (38% of the
national fish demand), although it does not exist in Portuguese waters [38]. Preference for
high trophic level fish species (e.g., Atlantic cod or skipjack tuna) contributes to Portugal’s
high food Footprint [15,25,39], since the consumption of high trophic level fish species,
alongside that of red meat, requires more energy, land displacement, and CO, emissions
than lower trophic level or plant-based foods [40]. Our study showed that the main species
consumed in Portugal were “sea bass, sea bream, cod, and snapper”, followed by “tuna,
swordfish and salmon”, with older residents showing a preference for the former, and
younger residents favoring the latter. In line with past studies, our results also show that
Portuguese consumers primarily eat high-trophic level fish species. The combination of
frequent fish and seafood consumption and preference for Footprint-intensive, high trophic
level species, such as tuna and cod, plays a role in making fish and seafood the primary
driver of Portugal’s food Footprint.

Perceptions of health and nutrition have also played a role in fish and seafood con-
sumption choices in Portugal. Between 2007 and 2015, several campaigns across EU
Member States, including Portugal, were conducted to promote the consumption of fish
products by raising awareness about the health and nutritional benefits [41]. Indeed, several
studies show the benefits of fish, especially fatty fish, which contain numerous nutrients
and vitamin D [26,42—46]. Health and nutritional benefits were selected among the most
important factors when shopping for fish and seafood, with nearly one-third of survey
respondents deeming this to be important. A study by [38] also concluded that Portuguese
consumers seek healthy diets and perceive fish and seafood as a fundamental part of that,
although recent studies have brought issues related to microplastics and heavy metals in
fish and their impact on human health to the forefront [47-50].

Moreover, 91% of the assessed fish stocks in the Mediterranean Sea are beyond safe bi-
ological limits [28]. Although the situation is better in the North-East Atlantic Ocean, where
Portuguese consumers do source much of their fish and seafood, consumer campaigns
that promote the consumption of these food products without careful consideration of
environmental factors, such as high stock depletion, are problematic for ecosystem health
and biodiversity conservation.

Past consumer campaigns in Portugal also sought to bolster local fishery products
by encouraging the consumption of “underutilized” regional species to stimulate regional
economic development [41]. This is important to diversify the basket of fish and seafood
products, but consideration of local stock depletion is key, as even a local mid-trophic
level species like sardines, which is integral to the Portuguese diet and culture, has seen its
population plummet in recent years [51]. Our study showed that one in seven Portuguese
indicated that country or zone of origin is an important factor when shopping for fish and
seafood, with one in six refusing to purchase unfamiliar products due to the origin of the
fish and seafood, particularly among residents aged 55 and over. Moreover, nine in ten
residents indicated that they would consider purchasing different types of fish and seafood
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if they knew that they were caught by a local small-scale fishery rather than by an industrial
large-scale fishery.

However, consumer campaigns still have a way to go to promote sustainable fish
and seafood consumption habits. Similarly to past studies, sustainability awareness did
not significantly influence consumption choices. “Sustainability” was only selected by
one in ten Portuguese as a factor influencing fish and seafood consumption. Indeed,
in Portugal, consumer choices are not often related to environmentally friendly actions.
Portuguese consumers have the lowest purchase percentage of eco-labelled products within
Europe [52,53]. Despite the efforts of some supermarket chains and restaurants to commit
to offering more sustainable fish and seafood, indicated through eco-labels, the impacts of
these practices are low due to the poor level of awareness of consumers possibly due to the
poor communication of information they receive [54-56]. Furthermore, [25] highlighted
that the Portuguese are either not enough informed about fishery impacts on the ecosystems
or have not connected ecosystem impacts to their purchase choices.

In addition to the low influence of “sustainability” on consumer choices, our study
showed that the social and economic aspects of sustainability, such as fishers’ livelihoods
and local economic development, scored the lowest when survey respondents were asked
about the primary factors that define sustainable fish and seafood and fishing practices.
This sheds light on the need to increase sustainable food system awareness beyond the
environmental pillar of sustainability. For instance, [57], argued that fish and seafood
consumption campaigns developed in Portugal over the last decade by different types of
organizations (public, private for-profit and non-governmental) and pursuing different
aims (e.g., some of them encouraging people to eat more fish as a way to improve health)
may have confused consumers, since they use different messages, language, duration, and
communication tools, and have short-lived effects.

Ref. [25] showed that Portuguese consumers are very interested in learning more about
fish and seafood products, although catch method garnered the lowest amount of interest.
Similar to [25], our study showed that the majority of Portuguese (67%) would like to be
informed while shopping for fish and seafood through sustainability-related information
on the food label, packaging, or tag. This aligns with previous studies pointing out that
education and awareness can effectively be increased through outreach campaigns [27,41].
Moreover, only about 2% of respondents indicated that they do not want to be informed
about sustainable fish and seafood products, suggesting the existence of a gap between
stated behavior and actual behavior, a tendency that has been shown in past studies [58-60].

Altogether, results point to the critical need to target coordinated and long-term out-
reach strategies using customized messaging to different age groups, as this was the primary
demographic factor influencing fish and seafood consumption habits in Portugal (Table 1).

For example, campaigns targeting older residents, who eat fish and seafood almost
every day, could emphasize the health and nutritional benefits of diets that rely on plant-
based cereals, legumes, and unprocessed fruits and vegetables. Conversely, younger
residents with limited knowledge on how to prepare fish and seafood could be taught
preparation techniques for low-trophic level species with healthy wild populations. Since
survey respondents showed a preference for purchasing products from artisanal small-
scaled fisheries, outreach could also focus on the origin of fish and seafood products,
with education to younger residents about the origin and various production methods of
such products.

Lastly, outreach should include the dissemination of information in supermarkets
(e.g., certification schemes, labels), since that is where the majority of consumers source
their fish and seafood, with some outreach in specialized markets in the North region and
local markets in Algarve. Similar results were found in [27], where Portuguese consumers
prefer to purchase fish and seafood at supermarkets than local markets. In 2010, legislation
was passed in Portugal to grant more flexible hours of operation for retail stores. After
this change, supermarkets became the primary point of purchase of fish and seafood
in Portugal [41].
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Table 1. Chi-square test results showing significant relationships between demographic factors
and survey question responses, with p < 0.05 (left column of “Demographic Factors”) indicating a
significant relationship and p < 0.001 (right column of “Demographic Factors”) indicating a very
significant relationship.

Survey Question

Demographic Factors

p <0.05 p <0.001
On average, how often do you eat fish and seafood? Age
Where do you go most often to buy fish and seafood? Geographic area
How is the assortment of fresh fish in the place where you buy fish and Age

seafood most often?

When you go to the place of your preference to buy fish and seafood, do you
find everything you are looking for?

Geographic area

Which types of fish and seafood do you buy most frequently? Age, Geographic area

When you buy fish and seafood, do you look if there are different types of fish

from those you usually buy?

Age

How often do you try fish and seafood that is new or unfamiliar to you? Age

How would you like to be informed while shopping for sustainable fish

and seafood?

Age

Have you ever heard about artisanal small-scale fisheries? Age

How informed are you about artisanal small-scale fisheries? Gender

Would you consider purchasing a different fish and seafood if you knew it was
caught by artisanal small-scale fisheries rather than by industrial Age

large-scale fisheries?

Our study showed no significant relationships between level of education and any of
the consumer habits and preferences. Proximity to the coast also had no significant impact
on consumer choices. One shortcoming of our research approach was the lack of options
for “family structure”, making it not possible to measure if living with children had any
impact on consumer choices. Other limitations of this study are related to the fact that the
sample does not accurately represent the Portuguese population structure. Furthermore,
online surveys can bring some limitations from the fact persons who are literate or who
have access to the internet are more prone to be part of the sample than others, as well
as those who are sufficiently biased to be interested in the subject [61]. A hybrid data
collection approach to a representative sample of the Portuguese population could further
refine results.

5. Conclusions

The main findings of this study define a situation in which: (1) Portugal food Footprint
is driven by the consumption of “Fish and Seafood” (26%), which is in turn due to a
high frequency of consumption and a preference for high trophic level species; (2) fish and
seafood purchasing is mainly conducted at supermarkets; (3) fish and seafood are perceived
as key foods for health and nutrition; (4) sustainability awareness does not significantly
influence consumption choices; (5) social and economic aspects of sustainability, such as
fisher livelihoods and local economic development, score poorly among the key factors
for sustainable fish and seafood and fishing practices; and (6) most respondents would
appreciate being informed while shopping for fish and seafood through sustainability-
related information on the food label, packaging, or tags.

By switching to a diet with a lower Footprint intensity (i.e., lower consumption of
animal-based proteins, diversification of the basket of fish and seafood products consumed
with an increased share of low trophic level species, and more reliance on cereals, legumes,
and unprocessed fruits and vegetables), Portugal could reduce its food Footprint by more
than half [32], while also reducing its exposure to resource shortages or trade-related shocks.
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However, for this to happen, increased awareness campaigns and further incentives to
change consumptions habit are needed.

Information campaigns, educational programs, or dietary guidelines for Portuguese
citizens, marketing, media, or social media campaigns could be relevant, alongside fis-
cal measures and legislation innovation to change food consumption habits, with proper
incentives and control, or better governance structures (e.g., national commission or work-
ing groups for the promotion of fish and seafood sustainability) for a long-term systemic
change, as suggested by previous studies [57,62].

These actions could reduce the Ecological Footprint of food in Portugal, while also
creating a resilient national food system that is less exposed to resource shortages and
trade-related shocks. However, care must be taken to ensure that efforts to reduce food
Footprints in Portugal are compatible with efforts to protect ecosystem health and biodiver-
sity conservation by, for example, ensuring that campaigns do not favor lower trophic-level
species that are overfished or in danger of being overfished, but rather foster the search for
eco-labels and fish and seafood from sustainable, assessed, and well-managed stocks. Our
results also call for the need to increase sustainable food system awareness beyond the sole
environmental pillar of sustainability, and enforce the social and economic conditions of
small-scale fisheries.

Finally, to address a more sustainable fish and seafood system in Portugal, policies
and future research must address not only consumers, but also the whole chain of relevant
stakeholders, from fishermen and their associations, to industry and producers’ organiza-
tions, from importers, retailers, markets to consumers’ organizations, or from scientists and
NGOs to decision-makers. They must involve different sectors, from fish and seafood itself
to the health, tourism, education, and environment sectors.
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