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Fig.1| Contribution of different animal protein sources to the daily diet of
Brazilians per income class (A-E) and region. The blue bar in the upper right
represents the different contributions of food groups to blue foods: cephalopod,
crustacean, freshwater fish, imported fish, mollusc, and saltwater fish. The

blue colour gradient of Brazilian states within regions depicts the per capita
annual mean consumption of seafood. AL, Alagoas; AP, Amapa; BA, Bahia;
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ES, Espirito Santo; MA, Maranhao; PA, Para; PB, Paraiba; PE, Pernambuco;

Pl, Piaui; PR, Parana; RJ, Rio de Janeiro; RN, Rio Grande do Norte; RS, Rio Grande
do Sul; SC, Santa Catarina; SE, Sergipe; SP, Sao Paulo. Game and goat are not
shown due to their small contribution (<0.11% and 0.71%, respectively) to overall
food intake. See Methods for definition of income classes.

diseases, including undernourishment and obesity, now account for
20% of premature deaths, with the poorest countries most affected’.
InBrazil, undernourishmentimpacts nearly 10.6 million people, while
33 million face food insecurity (approximately 5% and 58.7% of the
population, respectively)®, underscoring the need to address deep
social disparities. Beyond being a low-cost and nutritionally diverse
animal protein source**’, fish and shellfish help combat micronutrient
deficiencies—including calcium, iron, zinc, vitamin A, and omega-3
fatty acids—at relatively low environmental cost'* "2, Unlike terres-
trial animal proteins such as beef, poultry and pork, seafood offers
broader taxonomic and nutritional diversity*’. Such diversity reduces
dependence on single resources and therefore enhances the adapt-
ability of local food systems to species’ loss’. For example, pelagic cold-
water fish have high omega-3 concentrations, which are beneficial for
fetal and child brain development'>"®, while reef fish are often rich in
calcium, iron and zinc—critical for bone formation, oxygen transport
and immune function, respectively®'*",

The vast Brazilian coast harbours 26.6% of its population™, yet
per capita seafood consumption remains low (~10 kg yr™), falling
short of Food and Agriculture Organization (FAO) recommendations
(~12 kg yr)*, Seafood production varies across states, reflecting
the diversity of artisanal and industrial multigear fisheries'>'® and
driving regional differences in nutrient availability. Anthropogenic
impacts have reduced biodiversity and fish stocks across the world’s
oceans'?°, driving shifts from large, high-trophic-level species to

smaller, low-trophic-level ones'**?, with Brazilian fisheries showing

similar trends'®. These shifts compromise the stability of ecosystem
functions™"*, and therefore threaten protein and micronutrient avail-
ability for human populations"?>*,

Despite the recognized importance of fisheries®, there is limited
information on seafood consumption patterns and supply-demand
dynamics in many nations, particularly across the Global South. In
Brazil—amegadiverse country with abundant marine resources—mal-
nutrition and hunger persist’. Given the country’s socioeconomic
disparities and cultural diversity, understanding seafood consumption
patterns across income classes and regions is essential for informing
management strategies aimed at nutrient-rich taxa>* %, In this study,
we integrate food consumption profiles, fishery landings and nutri-
tional data for animal protein sources to assess seafood’s contribution
to protein and nutrient intake in Brazil. Specifically, we analysed:
(1) daily per capita consumption of protein and key macro- and micro-
nutrients from seafood and other proteins relative to FAO’s nutrient
intake recommendations; (2) the nutritional composition of the most
frequently harvested marine species compared to terrestrial animal
protein sources; and (3) state-level nutrient supply from landings
relative to per capita nutrient demand. We hypothesized that seafood
nutrient intake in Brazil would fall below recommendations, particu-
larly among low-income classes (D, E) and in states from the North
and Northeast regions, while nutrient supply would exceed demand
given the country’s low seafood consumption.
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Fig. 2| Nutritional trajectories under different consumption patterns of
seafood and other protein sources in the average Brazilian diet. a, Median
ratio between FAO nutrient recommendations and projected dietary intake
(natural-log scale) across simulated contributions ranging from 1% to 100%
oftotal animal protein intake. b, Density distribuitin of individual-level intake
ratios. Part 1represents the observed percentage of seafood consumption of

6%, and parts 2-4 represent specific projections of seafood in the diet. The y axis
shows the density of ratio values exhibited by the interviewees, and the x axis
depicts the range of ratio values across these. In all plots, seafood is represented
inblue and other sources ingreen. The vertical dashed lines indicate where

the consumption of each nutrient meets FAO recommendations (zero on the
natural-logscale).

Results

Patterns of food, protein and nutrient consumption along the
Brazilian coast

Beefand poultry dominated the animal protein consumption in Brazil,
withregional differences (Fig. 1). Seafood intake was higher among
lower-income classes (C, D, E) inthe North, and among higher-income
classes (A, B) in the South and Southeast. In the Northeast, seafood
intake was uniform across income classes. Freshwater fish had a higher
contributiontodietsinthe North than elsewhere, while pork was promi-
nentamong low-income classesin the Southand among high-income
classesinthe Southeast and North (Fig. 1).

The average per capita seafood consumption per state was
5.32+3.52 kg yr!, and the average daily consumption across the inter-
vieweeswas 134 +126 g (range, 5-1,500 g; n=3,037). The consumption
of other proteinsources averaged 68 +9.22 kg yr, and the average daily
consumption across interviewees was 178 + 142 g (range, 5-2,640 g;
n=28,214). Maranhao and Para had the highest state-level seafood
intake averages (14.63and 13.2 kg yr, respectively), while Rio Grande
do Sul (1.65 kg yr™*) and Parana (1.69 kg yr*) had the lowest (Fig. 1).

Regional differencesin nutrientintake fromseafood were evident,
with higher calcium and lower omega-3 intake in the North compared
with other regions (Supplementary Tables 3.1, 3.2 and 4.1). Nutrient
intake from other sources also varied regionally, partly due to the larger
sample size for this group. The North had higher protein, zinc and

omega-3 intake from other sources, while the Northeast had higher
vitamin A intake (Supplementary Fig. 3.1). On average, protein intake
from other protein sources exceeded the FAO recommendation by
~28 g day™, while seafood protein intake fell short by ~27 g day™
(Supplementary Table 3.2). The largest nutrient deficits were observed
for calcium (-877 mg seafood, -592 mg other sources), vitamin A
(-761 pg seafood, —349 pg other sources) and magnesium (-277 mg
seafood, —50 mg other sources; Supplementary Table 3.2).

We compared nutrient intake across three groups: (1) seafood,
(2) animal protein sources excluding seafood (‘other protein sources’)
and (3) all foods excluding seafood (‘other sources’), which include
both plant-and animal-based items. Projections showed that increas-
ing seafood consumption was more effective atapproaching the FAO’s
nutritional recommendations than increasing other protein sources
(Fig. 2a). Overall, seafood accounts for only 5.9 + 6.0% (median, 4%),
contributing between 0.2% and 71.4% of total animal protein intake.
The ratio between recommendations and the projected intake
was <0 on the natural-log scale, indicating deficits (Fig. 2a). Current
low seafood intake (~6%, observed) was insufficient to meet nutritional
recommendations, whereas other protein sources only contributed to
meet protein demands above 75% of total intake (Fig. 2b(2)). Projec-
tions showed thatan ~10% increase in seafood could sufficiently meet
protein targets, ~25% would achieve omega-3 needs and ~50% could
reach calcium, magnesium and zincdemands (Fig. 2b(2),(3)). However,
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Fig. 3| The nutrient content of the most landed species and of several protein
sources. a, Nutrient content of the 20 most landed species from 1950 to 2015.
The points and error bars represent the average and 95% confidence intervals
predicted by amodel that accounted for biological traits and phylogeny while
estimating taxon-level nutritional content. For the mangrove crab (U. cordatus),
datawere imputed from the TBCA. Species names (common and scientific names):
mullet (Mugil spp.), Lebranche mullet (M. liza), mangrove crab (U. cordatus),
Brazilian sardine (S. brasiliensis), whitemouth croaker (Macrodon atricauda),
skipjack tuna (Katsuwonus pelamis), red snapper (Lutjanus purpureus),
moonfishs (Selene spp.), giant sea catfish (Sciades parkeri), Atlantic thread

herring (Opisthonema oglinum), Argentine croaker (Umbrina canosai),

Brazilian Spanish mackerel (Scomberomorus brasiliensis), whitemouth drum
(Micropogonias furnieri), common dolphinfish (Coryphaena hippurus),

Acoupa weakfish (Cynoscion acoupa), striped weakfish (Cynoscion guatucupa),
Madamango sea catfish (Genidens barbus), bluefish (Pomatomus saltatrix),
Atlantic chub mackerel (Scomber colias) and Argentine hake (Merluccius hubbsi).
b, Nutrient content of various protein sources. Nutritional values represent
averages from the nutrient databases described in Methods (TBCA, uFish 1.0 and
FishBase)*> . Vertical dashed lines represent mean nutrient values across taxons.

ironand vitamin Arecommendations were unmet by either seafood or
other protein sources, even at percentages >75% (Fig. 2b(4)). Notably, at
equivalent consumption percentages (Fig.2b(3)), seafood consistently
outperformed other protein sources in nutrient density.

Nutrient compositionin fishery landings

Blue foods exhibit higher concentrations of the essential nutrients
calcium, omega-3, selenium and vitamin A compared with terrestrial
protein sources (Fig. 3). Iron content was nearly constant across taxa
except for molluscs. Besidesiron, molluscs also showed exceptionally
high zinc, selenium and vitamin A concentrations. Bony fish (Actin-
opterygii) stand out in vitamin A and selenium, and imported fish in
omega-3. Among Brazil's most landed taxa, mullets (namely Mugil liza),
the Brazilian sardine (Sardinella brasiliensis) and the mangrove crab
(Ucides cordatus) showed particularly high nutrient levels.

Nutrient supply versus demand

The annual per capitalanding of nutrients was greater than consump-
tion only in four states: Amapa, Rio de Janeiro, Rio Grande do Sul and
Santa Catarina (Fig. 4). These states generally had higher per capita

nutrient landings, with only Rio Grande do Sul and Santa Catarina
surpassing nutrient demand for all evaluated nutrients. Iron and zinc
were the nutrients with greater supplies than demands (n = 7 states),
followed by omega-3 (n = 6), with fewer states meeting demands for
other nutrients (n = 4).Sao Paulo often presented the lowest per capita
nutrient landings, while Maranhao frequently ranked among the high-
est per capita demands. Finally, total landed nutrients did not meet
FAO recommendations for any evaluated nutrient across states (note
y-axis breaksin Fig. 4).

Discussion

We found low seafood consumption among Brazilians, and substantial
regional disparities in nutrient intake from both seafood and alter-
native animal sources. Projections indicate that even slight increases
inseafood consumption could improve nutrient intake. Nevertheless,
across several states, fisheries lack the capacity to meet nutrient needs
through seafood alone. Multiple measures are required for optimizing
fishing practices, including selecting target species based on nutritional
profiles, improving sustainable aquaculture, and promoting diversified
diets with fruits, vegetables and grains®?,
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Fig. 4| Per capita landings (supply) versus seafood and nutrients (demand)
along the Brazilian coast. Data are presented for n = 17 coastal states; each
point represents one state. Supply was estimated by dividing total nutrient
landings from 2015 by each state’s population size based on ref. 14. Demand
was estimated as the mean annual per capita nutrient consumption across all
seafood consumers within each state (n = 3,037 independent individuals from
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the RFB database). Each data point represents anindependent observation at

the state level, derived fromindividual-level dietary data. Light blue represents
states in which supply exceeded demand; dark blue represents states in which
nutrient demand exceeded supply. The horizontal dashed linesindicate the FAO’s
recommended daily intake thresholds for each nutrient, converted to kg yr™.

Despite being taxonomically and nutritionally diverse, Brazilians
are not fully benefiting from fishery resources. Food insecurity remains
substantial®, with average intakes falling below the FAO’s thresholds
for five out of seven analysed nutrients (calcium, iron, magnesium,
vitamin A, zinc). Although protein intake exceeds FAO recommenda-
tions at 50 g day™, optimizing the intake with nutrient-dense options
couldbetter fill nutritional gaps"*’. Seafood consumption remains low
(~5.3 kg yr per capita, nearly 7 kg below recommendations), and is
concentratedin higher-income groupsin the South and Southeast, and
lower-income classes in the North. Overall, lower-income populations
may face financial or logistical barriers to access nutrient-rich seafood,
relyinginstead on more affordable and less nutritious options.

Brazilians’ diet is heavily meat based, with beef and poultry
accounting for most of the animal protein consumed, partly driven
by the productionscale and price. Brazilisamong the 10 leading coun-
tries in beef consumption, and second only to the United States in
cattle raising production®. Regional variation also reflects cultural
and economic drivers. For example, higher pork consumption in the
South and Southeast are possibly associated with cultural (that is,
European descent) and commercial aspects (pork production is con-
centrated in the South)*?2, In the North, freshwater fish play a larger
dietary role, although Amazon basins face overexploitation and high
foodinsecurity rates (~80% of the population®”'%**), Marine and estua-
rine fish are also essential components of the diets of traditional fishing
communities in Northeastern Brazil, including Quilombola, Indigenous
and Afro-Brazilian communities, where these species provide up to
40% of the animal-based protein intake®* .

Seafood consistently shows higher nutrient density than terrestrial
protein sources®?, particularly for calcium, selenium, vitamin A and
omega-3 fatty acids, nutrients commonly deficient among Brazilians®.
Although landings are insufficient to meet FAO nutritional require-
ments, seafood remains an important dietary supplement. Despite
theimportance of poultry asasource of zinc, molluscs and some bony
fish (for example, mullets) could also complement low-zinc diets. The
nutritional differences among wild-caught fish protein sources (Fig. 3a)
highlights the importance of varied diets and a diverse catch compo-
sition, enabling access to a varied set of macro- and micronutrients.

This approach could help optimize nutrition while reducing pressure
on overexploited fish stocks'>. Among the 20 most harvested taxa in
Brazilian fisheries, pelagic shoaling fishes from lower trophic levels,
such as mullets, stood out for their high micronutrient levels. Omega-3
fatty acids, such as eicosapentaenoic acid and docosahexaenoic acid,
are abundant in high-trophic-level, mobile, cold-water fish, such as
cod and salmon, both widely imported into Brazil, but are also abun-
dantinspecies such as Brazilian sardine and Atlantic chub mackerel>*.
Freshwater and farmed fish are also viable omega-3 sources, with
nutrient concentrations varying across farming practices®*. For
instance, the majority of imported salmon in Brazil originates from
aquaculture, primarily from Chile®. Cattle raising practices also alter
nutrient composition of beef, with more fatty acids in meat originat-
ing from cattle raised in more diversified pastures than in feedlots*’.
As such, the nutritional composition closely aligns with the practices
of each farm, leading to considerable variability in nutrient content™.
Regional differences in seafood supply and demand mirror Brazil’s
production systems, predominantly artisanal, small-scalein the North
andNortheastand industrial, large-scale in the South and Southeast’>",
Brazil’s seafood trade is complex, and systematic monitoring and
knowledge of fish and shellfish markets are missing'>*>. This poses a
challenge in tracking the value chain of seafood production. In 2021,
imports (~300,000 t) far exceeded exports (~28,500 t), withimports
dominated by salmon, cod, sardines and elasmobranchs™®. Local case
studies suggest that most fishery production remains within local
markets*, but national-scale data on domestic seafood flows are
lacking. We know exports primarily involve high-value species such
as snapper, whitemouth croaker, tuna and swordfish, but official
statistics underreport many species with known export potential*.
Expanding wild fisheries is not viable due to overexploitation
and lack of reliable stock assessments'>*. Only eight of 117 target
species have been recently assessed, and half of these are already
overexploited®. Aquaculture has recently evolved to become the main
source of blue foods in the country, driven predominantly by fresh-
water fish farming, which produced 655,300 tin 2023, with more than
half of this represented by a single taxon, tilapia (Oreochromis spp.)*°.
Marine aquaculture, inturn, is largely represented by shrimp farming
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and mollusc culture, together accounting for only 16% of total national
aquaculture production, concentrated mainly in the Northeast, with
Ceara (57%) and Rio Grande do Norte (19.4%) contributing most of
the output”. This strong reliance on a few farmed species implies
that current aquaculture trajectories may not fully exploit the taxo-
nomic and nutritional diversity of fish and shellfish, and reinforces the
need for policies that explicitly integrate nutritional goals into the
spatial planning and species selection of both fishing and aquaculture.

Our analysis is subject to several limitations. The Research on
Family Budget (RFB) database used to source demand data was not
designed to evaluate the contribution of specific species to food and
nutrition security because its taxonomic resolution of food items is
coarse, constraining more detailed classifications and preventing
us from reliably identifying product origin. Nonetheless, we used it
because it is the only nationally representative, state-resolved data-
set available for assessing dietary patterns. For the purposes of this
research, we also treated consumption and fisheries datasets asif they
formed asingleintegrated system, even though they areindependent
sources that can only be combined through extrapolations at rela-
tively coarse taxonomic scales. We hope that our study highlights the
considerable potential for truly multidisciplinary analyses if these
data**were collected in aless aggregated and more standardized man-
ner, enabling stronger integration between scientific subjects.

Recognizing seafood’s nutritional, social and economic value is
a critical first step in Brazil. Selecting fishery targets based on nutri-
tional value and biological traits (for example, trophic level, genera-
tion time) is a promising strategy to maximize health outcomes while
preserving ecosystem integrity. Strengthening monitoring, improv-
ing statistical frameworks and integrating food production data are
essential to unlock the system’s potential. This includes systemati-
callytracking marine, freshwater and farmed species, from both com-
mercial and recreational fisheries to ensure their full contribution
to nutrition and livelihoods is portrayed, enabling future studies to
better integrate production sources into supply-demand analyses
and nutritional assessments.

Methods

Study area

Brazil’s Exclusive Economic Zone spans ~3.5 million km? and extends
across 38° degrees of latitude'. The Brazilian coast covers 17 coastal
states characterized by diverse environments such as beaches, rocky
andbiogenicreefs, bays, estuaries, lagoons, and mangrove forests*>*°.
Such diversity of habitats and living organisms fostered the develop-
ment of multiple fishing activities that play important roles in the
country’s economy and food security’s'*!,

Data collection

Food consumption data were obtained from Brazil’s 2017-2018
Consumer Expenditure Survey, the RFB*, covering metropolitan and
adjacentrural areas. Household-level interviews were conducted over
1-7 days, individually, during which all consumed food and bever-
ages were recorded, coded and quantified by Brazilian Institute of
Geography and Statistics (IBGE) interviewers. While the RFB was not
specifically designed for dietary studies, it aims at characterizing the
socioeconomic context behind household expenditures and product
pricing at metropolitan urban areas. Limitations include reporting
only in-house meals and the use of broad food categories, with most
animal items recorded under aggregated product types and/or com-
mon names, and only occasional (but not systematic) identification at
the species or genus level, without information on production system
or origin (for example, wild-caught versus aquaculture, commercial
versus recreational fishing). However, it has key advantages for this
study: (1) extensive coverage of coastal areas (17 out of 26 states)™,
(2) quantity of various food items consumed and (3) alignment with
state-level marine landings statistics®.

We filtered the database to include only individuals who:
(1) inhabited any of the 17 coastal states, (2) consumed meals on
regular days (holidays excluded) and (3) consumed animal protein.
Entries with non-identified food items and lacking income data were
excluded. Income classes E-A were categorized by monthly house-
hold income (converted to US$, 30 January 2023)°%: E, <US$371.28; D,
US$371.29-742.56; C, US$742.57-1,856.40; B, US$1,856.41-3,712.80;
A, >US$3,712.80. Some states had no respondents from classes A, B
or C (Supplementary Fig. 2.3). The final RFB dataset used in the
analyses had 755,578 entries of 1,563 different food items, obtained
from 30,701 interviewees and 13,658 families. From 1,563 food items
209 exclusively listed animal protein items (excluding side dishes).
Fooditemswere categorized into eight groups: beef (cattle and items
generically labelled as ‘meat’), game (wild meat), goat (sheep and goat),
pork, poultry, freshwater and imported fish (for which aquaculture
probably represents a substantial share), and seafood (predominantly
supplied by wild-capture fisheries, with the exception of a fraction of
shrimp and mollusc production; Supplementary Fig.1.1). Thelast three
groups represent blue foods. Among the 209 items, 96 were fish and
shellfish species, including 27 seafood items.

We complemented RFB data with species- or genus-level nutri-
tional datafromthree sources: (1) the Brazilian Food Composition Table
(TabelaBrasileirade Composi¢cao de Alimentos, TBCA)*, (2) uFish 1.0°*
and (3) FishBase™. The TBCA (n = 41entries, from order to species level)
and uFish1.0 (n =26, fromorder to species level) comprise nutritional
data measured in the laboratory. FishBase provides nutritional esti-
mates with associated uncertainty for more taxa (n = 5,907 species),
which was achieved by fitting Bayesian models incorporating fish
biological traits and phylogeny to predict nutritional content for taxa
with missing nutrient data.

Nutrient content included protein (g), calcium (mg), iron (mg),
zinc(mg), vitamin A (pg), magnesium (mg), selenium (pug) and omega-3
(g), per 100 g of edible portion. Nutrients were chosen due to their
well-documented relevance in seafood nutritional research and their
importance for human health”. Omega-3 contents were calculated
by adjusting the nutrient concentration (per 100 g) to the reported
consumption quantities in the RFB dataset. When raw food datawere
unavailable, we used unseasoned cooked preparations. Whenever
possible, we used total edible portion values or the mean of different
meat cuts.

Finally, marine fishery landings data’® were used to quantify nutri-
tional supply. This dataset provides reconstructed taxonomic composi-
tion (species, genus or family levels) and annual harvest volumes (t yr™)
for each Brazilian state from 1950 to 2015 (Supplementary Table 3.1).
To harmonize the taxonomic resolution of the RFB nutritional and
landings datasets, we aggregated (averaged) species- or genus-level
values tomatchthe coarser food categories. This procedure enabled us
to quantify nutritional demand, here calculated as the daily per capita
amount of nutrients consumed by each interviewee, considering the
average consumption across the surveyed days.

Data analysis: patterns of food, protein and nutrient
consumption

Using RFB data, we analysed the proportional contribution of different
animal protein sources to daily diets across regions (North, Northeast,
Southeast, South) and income classes (E-A; Fig. 1). For each protein
source (forexample, beef, poultry, seafood), we calculatedits proportion
by dividing the amount consumed of this source by the total daily protein
intake. Similarly, for blue foods, we calculated the relative contribution
of cephalopod, crustacean, freshwater fish, imported fish, mollusc and
saltwater fish by dividing their consumption by the total blue food intake
per state. We assessed regional differences in nutrient consumption
by comparing two interviewee groups: (1) those consuming all food
items except seafood (referred to as ‘other sources’); and (2) seafood
consumers, who consumed seafood during the interview days.
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For each group, we compared average daily per capita intake of
protein, calcium, iron, zinc, vitamin A, magnesium and omega-3 across
regions using analyses of variance. Models included a block factor
(interviewee family ID; total, 13,658 families) and an offset represent-
ing the FAO’s nutrient reference values (Codex NRV)". This design
controlled for family-level consumption patterns by partitioning
variance within and between regions. Analysis of variance coefficients
equaltozeroindicatedintake meeting FAO recommendations; negative
or positive coefficients indicated deficits or surpluses, respectively.
Regional effects were considered significant when F-statistic values
were high and P < 0.05 (Supplementary Fig. 3.1).

Toevaluate whether there were nutritional advantages of consum-
ing seafoodrelative to other sources, we projected whetherincreasing
seafood consumption would make it possible to achieving the FAO’s
reference values (Fig. 2 and Supplementary Fig. 4.1). Using average
daily nutrient intake (protein, calcium, iron, zinc, vitamin A, mag-
nesium and omega-3) from the 3,037 seafood consumers (~10% of
interviewees), we modelled intake scenarios in which seafood and
‘other protein sources’ (that is, all animal protein sources including
freshwater and imported fish, but excluding seafood) contributed
from 1% to 100% of total consumption, in 1% increments. None of the
3,037 interviewees consumed seafood exclusively. First, we quantified
each nutrient’s contribution from seafood and from other protein
sourcesintheinterviewees’  diets. Then, we projected nutrient intake
under varying seafood-to-other protein source ratios (for example,
50% seafood and 50% other protein sources). For eachindividual and
nutrient, we calculated the ratio between the FAO’s reference values
andtheprojected intake, and used the natural-log scale for interpret-
ability and managing extreme values. On this scale, zeroindicates that
intake matches FAO recommendations; values >0 indicated shortfalls,
and <0 indicated excesses. In ~9% of entries, zero nutrient intake was
reported for some items (probably due to errors when entering data
or rounding values). To enable ratio calculation, we assigned a small
non-zero value (0.0001) to these cases. Additionally, we produced
density plots of individual-level ratios for observed seafood consump-
tion (6%) and for projected 25%, 50% and 75% seafood intake scenarios
(Supplementary Table 3.2).

Nutrient variation across the most landed taxa

The20 mostlanded taxarepresent the predominant seafood available
ineachregion over 65years of fisheries data, comprising 52 bony fishes,
one cartilaginous fish and one crustacean' (Supplementary Table 3.1).
We explored differences in the nutritional content of food sources
using the average nutritional composition among taxa.

Nutrient supply and demand

Using the quantity and nutritional composition of seafood taxa, we
calculated the per capita supply and demand (amount landed and
consumed, respectively) of calcium, iron, vitamin A, zincand omega-3
for each state. This analysis aimed at comparing the current nutrient
demand for seafood with the nutrient supply available from fishery
landings. Specifically, we evaluated: (1) whether the current levels of
seafood consumption are equivalent to the amount landed; and (2)
whether a considerable gap exists between supply and demand. This
comparison helps contextualize the nutritional role of seafood within
the constraints of existing marine resource availability. Nutrient supply
was estimated by dividing the total nutrient landings from 2015 (the
most recent year available and closest to the consumption period) by
eachstate’s populationsize™. To estimate demand, we first calculated
the daily per capita nutrient consumption for all seafood consumers,
then extrapolated to annual values by multiplying by 365 days. The
average annual consumption of each nutrient (in kg) was then calcu-
lated for each state. Finally, we added to this analysis the annual FAO
nutrient recommendations (daily recommendations were multiplied
by 365 and then transformed into kilograms).

All analyses were conducted in R software v.4.3.0°, the code for
whichis available on GitHub.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Alldatausedinthisresearch are publicly available. The raw RFB data can
befoundat https://www.ibge.gov.br/en/statistics/social/health/25610-
pof-2017-2018-pof-en.html?edicao=27315&t=downloads. The uFish
1.0 dataset was obtained from https://www.fao.org/infoods/infoods/
tables-and-databases/faoinfoods-databases/en/. FishBase nutritional
data were obtained from https://github.com/mamacneil/Nutrient-
Fishbase. TBCA data are available at http://www.tbca.net.br/. Fishery
landing data were obtained from http://www.propesq.pesca.sp.gov.
br/37/conteudo. Processed data used in the analyses are available
from GitHub via https://github.com/Sinbiose-Reefs/food_security.git.

Code availability
AlIR code used in the analyses is publicly available from GitHub via
https://github.com/Sinbiose-Reefs/food_security.git.
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Population characteristics Data were obtained from Brazil's 2017-2018 Consumer Expenditure Survey (RFB/POF), a nationally representative household
survey conducted by IBGE covering metropolitan and adjacent rural areas across all 26 Brazilian states and the Federal
District. The analytical sample comprised 30,701 individuals from 17 coastal states who consumed animal protein during the
survey period, of whom 3,037 consumed seafood. Income class distribution in the coastal sample was: class E (84%), class D
(10%), class C (3%), classes B and A (<1% combined).

Recruitment This study used secondary data from the publicly available RFB/POF 2017-2018 survey. Participant recruitment was
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the use of public anonymized datasets.
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Study description Cross-sectional observational study combining three independent secondary datasets to assess seafood consumption patterns,
nutritional profiles of landed species, and nutrient supply-demand dynamics across Brazilian coastal states. No experimental
manipulation was involved.

Research sample The study integrated three datasets: (1) individual-level dietary data from 30,701 interviewees across 17 Brazilian coastal states (RFB/
POF 2017-2018), of whom 3,037 consumed seafood during the survey period; (2) species-level nutritional composition data for fish
and shellfish from TBCA, uFish1.0, and FishBase; and (3) reconstructed marine fisheries landing records for Brazilian coastal states
from 1950 to 2015 (Freire et al., 2021).

Sampling strategy No primary sampling was conducted by the authors. The RFB/POF 2017-2018 uses a two-stage cluster sampling design with
geographic and statistical stratification of primary sampling units (census tracts), implemented by IBGE as part of the Integrated
Household Survey System (SIPD). Primary units were selected with probability proportional to number of households; secondary




units (permanent private households) were selected by simple random sampling without replacement. No participants were
recruited by the authors of this study.

Data collection All data were obtained from publicly available secondary sources. Dietary data from RFB/POF 2017-2018 (IBGE); nutritional
composition from TBCA, FAO/INFOODS uFish1.0, and FishBase nutrient model (MacNeil et al., 2021); marine fisheries landings from
Freire et al. (2021). No primary data collection was conducted by the authors.

Timing and spatial scale  Dietary consumption data were collected during 2017-2018. Fisheries landings data span 1950-2015, with 2015 used for supply-
demand comparisons as the most recent year available. Spatial scale covers 17 Brazilian coastal states spanning approximately 8,500
km of coastline across four geographic regions (North, Northeast, Southeast, South).
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meals consumed on non-regular days (holidays and special occasions); (3) individuals who did not consume animal protein during the
survey period; (4) entries with missing income data or non-identified food items. The final analytical sample comprised 30,701
individuals.

Reproducibility All analyses are fully reproducible. Data and R code are publicly available at https://github.com/Sinbiose-Reefs/food_security.git.
Primary datasets are openly accessible through their respective repositories as described in the Data Availability Statement.

Randomization Randomization was not applicable to this study. Analyses used pre-existing secondary datasets and no experimental groups or
treatments were assigned.

Blinding Blinding was not applicable to this study, which involved secondary analysis of observational data with no experimental intervention
or outcome assessment by the authors.
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plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied:
Authentication Describe-any-atithentication-procedtres foreach seed stock- tised-or-novel-genotype generated—-Describe-any-experiments-tused-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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