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Extended Data Fig. 1| Variation in nutrient content across all food fish
species (grey), and for specific countries (green; first column: Iceland;
second column: Kiribati; third column: Kenya), as depicted by the
first three principal components using all nutrient content values (for

example, protein, iron, zinc, calcium, vitamin A and omega-3s [EPA+DHA]).

Complementary species (orange) are the species included within optimal

portfolios, while the best species (purple) is the single species that minimizes the
biomass needed to support all RDAs. When a single best species is also included
inan optimal portfolio, it is orange and outlined in black. More biodiverse
countries are typically represented by awider variation in nutritional trait space.
Speciesincluded in the optimal portfolio are drawn from the edges of nutritional
space, butdo notoverlap.
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Extended DataFig. 2| The species richness of an optimal portfolio (S, minimum portion size needed (P,,;,,), but more speciose portfolios are associated
increases as more RDAs are considered but never exceeds four species. Each withlower P,,,. Box plots display the median (center line), interquartile range
point represents a country (n=291) colored by it’s biodiversity endowment (S). (box) and whiskers (minimum and maximum values within 1.5 x IQR).

Increasing the number of RDAs considered also leads to anincrease in the
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Extended Data Fig. 3| The wider aggregate nutrient trait content variation
in more biodiverse countries increased the potential to assemble optimal
species portfolios or select single best species with nutritionally extreme
values. (A) Species from countries with higher biodiversity exhibit more
variationin nutrient content, measured as the convex hull volume considering
six key nutrients derived from fish. (B) The mean nutrient trait distance of all
species within a country tends to be lower than the mean nutrient trait distance
of species in optimal portfolios (the black line represents the 1:1line, with points
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above representing countries where the mean nutrient trait distance of optimal
speciesis larger than of all species within that respective country). (C) The mean
nutrient trait distance of all species within a country tends to be lower than the
mean nutrient trait distance of single best species (the black line represents
the 1:1line, with points above representing countries where the mean nutrient
trait distance of the single best species is larger than of all species within that
respective country). Each point corresponds to a country (n=290).
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Extended Data Fig. 4| Randomly assembled portfolios from countries with
highbiodiversity required less biomass to meet RDAs, but differences with
portfolios based on complementarity and selection were exceptionally large
(n=290). Random portfolios were assembled by drawing arandom sample

of the same number of species represented in the optimal portfolio from each
country (see methods). For full statistical results see Table S1. Panel Bis a close-up
of panel A.
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Extended Data Fig. 5| Countries well-endowed with biodiversity sustain becomes stronger when more RDAs are considered. The biodiversity effect was
nutritionally complete diets with less biomass regardless of (A) RDA obtained by using a generalized linear model and extracting the estimates and
thresholds or (B) number of RDAs considered. The biodiversity effect (that 95% confidence intervals.

is, estimated effect of Sonon P,,;,) does not vary based on (C) thresholds but (D)
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Extended Data Fig. 6 | The species composition of optimal portfolios
depends on the number and type of nutrient RDAs are considered. Each
point represents a country (n=290) colored by the number of species within

an optimal portfolio asindicated in the legend in (A), with lines connecting the
same country. Points are jittered for interpretability. Dissimilarity, turnover and
nestedness are measured as the pairwise differences between each successive
number of RDAs for each country, with O indicating that there are no differences
inoptimal species composition and 1indicating complete compositional
turnover when comparing successive number of RDAs. For example, for the vast

1 2 3 4 5 6
Number of RDAs Me
majority of countries the species composition of optimal portfolios that meet 2
RDAs is completely different than the species that are optimal to meet one RDA.
Whenincreasing from one to three RDAs, compositional changes are primarily
driven (B) turnover, which represents changes in species composition driven
by replacement of some species by others that were not previously included.
Whenincreasing from four to six RDAs, compositional changes are represented
by amixture of turnover and (C) nestedness, the latter representing changesin
species composition driven by gains or losses of species.
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Extended Data Fig. 7 | Biodiversity gradient with random species draws from pool of species without replacement from 1to 756 species, which is the species
aglobal pool retains the same relationship between species richness and the richness range for the number of food fishes available across nations. For every
minimum amount of fish biomass to meet RDAs based on complementarity level of species richness, we performed this randomization 30 times for all
and selection. To build this random biodiversity gradient we sampled the global 290 countries for a total of 8,700 random assemblages.

Nature Sustainability


http://www.nature.com/natsustain

Article https://doi.org/10.1038/s41893-025-01577-x

Extended Data Table 1| Results from the generalized linear models with a country’s biodiversity endowment as
the predictor variable and the minimum amount of fish biomass needed to meet all RDAs considered based on
complementarity, selection and randomly assembled portfolios from each country

Estimate Std. Error P-value McFadden’s R?
Complementarity | -0.49 0.015 <0.001 0.78
Selection -0.32 0.011 <0.001 0.68
Random -0.15 0.004 <0.001 0.20

For each country (n=290), 30 randomly assembled portfolios were generated with the same number of species as the country’s optimal portfolio (see methods).
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Extended Data Table 2 | Results from the generalized linear models with a country’s biodiversity endowment as the
predictor variable and differences in trait mean and trait breadth between optimal and randomly assembled portfolios,
estimated as the log response ratio (LRR), as the response variable

Trait Mean/dst Estimate Std Err P-Value McFadden’s R2
Mean LRR -0.121 0.006 <0.001 0.061
Total length
Dst LRR -0.276 0.013 <0.001 0.074
Mean LRR -0.010 0.001 <0.001 0.011
Trophic Level
Dst LRR 0.003 0.003 0.324 0.0001
Temperature Mean LRR 0.002 0.003 0.562 0.001
Preference Dst LRR 0.023 0.011 <0.01 0.002

For each country, 30 randomly assembled portfolios were compared against the optimal portfolio (see methods).
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

OXX O OO0 0XOS

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  We used species evaluations by the IUCN to categorize each or the world’s fish species as either consumed as food or not (IUCN, 2023). For
every food species, we then obtained country occurrence, nutrient content and ecological trait information from FishBase (Frose and Pauly,
2023). We also obtained information on fish consumption from the Aquatic Resource Trade in Species (ARTIS) (Gephart. et al 2025).

Data analysis All analysis was conducted in R (R core team) and code supporting the results are available via the Figshare repository with https://
figshare.com/s/05676334987da57f7418

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

Lc0c Y21o

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All data supporting the results are available via the Figshare repository with https://figshare.com/s/05676334987da57f7418




Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender NA

Population characteristics NA
Recruitment NA
Ethics oversight NA

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|:| Life sciences |:| Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description This study analyzes how biodiversity in fisheries can enable more nutritious and sustainable diets by adopting an allocation
optimization approach, where for every country, we identify the species of fish that meet nutritional requirements with the lowest
amount of fish biomass.

Research sample We use information that is publicly available from FishBase and IUCN (as described above). We paired the geographical overlap
between fish species ranges and national boundaries for ~2,500 fish species and all nations of the world to obtain country level
species lists, which were also paired with each fish species nutrient content information. The nutrient content information is
available in FishBase and based upon models developed in Hicks et al. 2019 Nature. In total, we had 183 countries, with fish species
richness ranging from 1 to 753.

Sampling strategy Our unit of analysis was for every of the 290 countries/territories we had fish biodiversity information for.

Data collection Data was downloaded from FishBase and IUCN.

Timing and spatial scale  The data was downloaded in April of 2023.

Data exclusions No data was excluded from the analysis.

Reproducibility Our approach was computational and is available for reproducibility in the code available in Figshare: https://figshare.com/
s/05676334987da57f7418

Randomization This question is not relevant to our study since we used publicly available information, and was not based on treatments. Every
country's biodiversity was determined using existing information.

Blinding This question is not relevant to our study.

Did the study involve field work? [ ves No

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Involved in the study

|:| Antibodies

|:| Eukaryotic cell lines

|:| Palaeontology and archaeology
|:| Animals and other organisms
[] clinical data

|:| Dual use research of concern

n/a | Involved in the study
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