
Nature Sustainability

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

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 
in an optimal portfolio, it is orange and outlined in black. More biodiverse 
countries are typically represented by a wider variation in nutritional trait space. 
Species included in the optimal portfolio are drawn from the edges of nutritional 
space, but do not overlap.
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Extended Data Fig. 2 | The species richness of an optimal portfolio (SOpt) 
increases as more RDAs are considered but never exceeds four species. Each 
point represents a country (n=291) colored by it’s biodiversity endowment (S).  
Increasing the number of RDAs considered also leads to an increase in the 

minimum portion size needed (Pmin), but more speciose portfolios are associated 
with lower Pmin. Box plots display the median (center line), interquartile range 
(box) and whiskers (minimum and maximum values within 1.5 × IQR).
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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 
variation in 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 1:1 line, with points 

above representing countries where the mean nutrient trait distance of optimal 
species is 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 1:1 line, 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 
high biodiversity 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 a random 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 B is a close-up 
of panel A.

http://www.nature.com/natsustain


Nature Sustainability

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

Extended Data Fig. 5 | Countries well-endowed with biodiversity sustain 
nutritionally complete diets with less biomass regardless of (A) %RDA 
thresholds or (B) number of RDAs considered. The biodiversity effect (that 
is, estimated effect of S on on Pmin) does not vary based on (C) thresholds but (D) 

becomes stronger when more RDAs are considered. The biodiversity effect was 
obtained by using a generalized linear model and extracting the estimates and 
95% confidence intervals.

http://www.nature.com/natsustain
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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 as indicated 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 0 indicating that there are no differences 
in optimal species composition and 1 indicating complete compositional 
turnover when comparing successive number of RDAs. For example, for the vast 

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. 
When increasing 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. 
When increasing from four to six RDAs, compositional changes are represented 
by a mixture of turnover and (C) nestedness, the latter representing changes in 
species composition driven by gains or losses of species.

http://www.nature.com/natsustain
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Extended Data Fig. 7 | Biodiversity gradient with random species draws from 
a global pool retains the same relationship between species richness and the 
minimum amount of fish biomass to meet RDAs based on complementarity 
and selection. To build this random biodiversity gradient we sampled the global 

pool of species without replacement from 1 to 756 species, which is the species 
richness range for the number of food fishes available across nations. For every 
level of species richness, we performed this randomization 30 times for all  
290 countries for a total of 8,700 random assemblages.

http://www.nature.com/natsustain
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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

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

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