
KEY MESSAGES:

 > Food biodiversity is a potential lever to improve Earth system resilience and promote healthier, 
diverse diets in a win-win scenario.

 > However, various blind spots in our current knowledge make this recommendation complicated: 
the relationship between biodiversity in farms and biodiversity on plates is not straightforward, 
scientists measuring biodiversity in production systems and measuring diversity in diets do not 
measure the same things, food biodiversity measurements tend to focus on either the global or very 
local scale, consumption (dietary intake) of food biodiversity is often overlooked, and diet diversity 
doesn’t necessarily guarantee diet quality. 

 > This paper explores these blind spots, and policy and research efforts to address them. 
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Diminishing 
biodiversity and 
rising malnutrition

Poor diets are one of the greatest risks to adequate 
nutrition and health. Low-quality diets are responsible 
for the greatest burden of disease worldwide, affecting 
countries and population groups at all levels of 
economic development (1–3). The triple burden of 
malnutrition – the coexistence of micronutrient 
deficiencies, undernutrition, and overweight and obesity 
– has manifested itself in almost every nation on Earth. 
The long- and short-term effects of malnutrition hold 
back sustainable and inclusive global development and 
convey unacceptable human consequences. The United 
Nations Decade of Action on Nutrition 2016–2025 and 
the Sustainable Development Goals (SDG) provide 
global and national stimuli to address malnutrition and 
fast-track progress on food and nutrition security (4).

“Eat a variety of foods” or dietary diversity is a 
widely acknowledged and established public health 
recommendation to promote a healthy, nutritionally 
adequate diet (5). Healthy diets should be diverse 
and combine large amounts of vegetables, fruits, 
legumes, whole grains, nuts, seeds and unsaturated 
oils and moderate amounts of seafood and poultry, 
with low amounts of processed meat, added sugar 
and salt, refined grains and starchy vegetables (3). The 
recommendations for dietary diversity are based on 
the premise that consuming a wide variety of nutrient-
dense foods will ensure an adequate intake of essential 
nutrients and in turn will lead to improved diet quality 
and optimal health outcomes (6). The actual composition 
of a diverse, balanced and healthy diet varies according 
to individual needs, locally available foods, dietary 
customs and cultural contexts. Transitions towards 
food biodiverse diets, such as the Mediterranean (7), 
pescatarian and vegetarian diets are projected to 
significantly decrease diet-related non-communicable 
disease risks, including coronary heart disease, stroke 
and type 2 diabetes, worldwide (8–10). 

However, rapid socioeconomic, demographic and 
technological changes coupled with agriculture policies 
skewed towards a narrow range of staple crops, crop 
varieties and animal species, are driving human diets 
and associated agricultural production systems towards 
more resource-intensive, ultra-processed, energy-
dense and nutrient-poor foods (11, 12). This has led 
to unprecedented shifts in global food systems and 
dietary patterns. Diet-related diseases and overweight 
and obesity risks are expected to continue to rise 

exponentially, while forms of undernutrition and 
micronutrient deficiencies are declining at insufficient 
rates (2, 4, 13, 14).

The global food system transformation is also driving a 
progressive homogeneity of diets (15). Although plants 
account for over 80% of human diets worldwide and 
an estimated 30,000 edible terrestrial plant species are 
available for consumption, our global food system is 
made up of only 150–200 commercially available species 
(16). In excess of half the global food energy need is 
supplied by four staple crops: rice, potatoes, wheat and 
maize, and only 30 crops supply an estimated 95% of 
human food energy need (15, 16). Food biodiversity – the 
diversity of plants, animals and other organisms that are 
used for food, both cultivated and from the wild – has 
the potential to underpin diverse, nutritious diets (17, 
18), but global shifts in human diets and food systems 
are driving biodiversity loss worldwide (15, 19, 20).

Food biodiversity 
and Earth system 
resilience

Diets inextricably link human and planetary health. The 
global food system is the prime driver of low-quality 
diets and, in parallel, the transgression of several 
planetary boundaries that define a safe operating 
space for humanity in a stable Earth system (21, 22). 
Monoculture cropping systems and intensive livestock 
production generate substantial environmental costs 
(23–25). To illustrate, the rearing of livestock for meat, 
eggs and dairy alone produces 15% of total global 
greenhouse gas emissions and uses 70% of global 
agricultural land, including one-third of all arable land 
(26, 27). 

Understanding and using food biodiversity and 
associated traditional knowledge provides levers of 
change towards more sustainable food systems in the 
face of mounting climate pressure on crop yields and 
on the nutritional content of foods (3). Biodiversity 
for food and agriculture contributes to Earth system 
resilience through a number of collective strategies, such 
as the protection and restoration of ecosystem services, 
sustainable use of soil and water resources, agroforestry, 
diversification of farming systems, cultivation practices, 
and use of neglected and underutilized stress-tolerant 
crop species (28, 29). Nonetheless, the threat to food 
biodiversity is occurring at a general rate of species 
extinction estimated to be 100 to 1,000 times the natural 
rate (22). 
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We need to transition from business as usual to 
sustainable intensification without compromising the 
Earth system. One school of thought gaining traction 
is that agricultural production systems based on food 
biodiversity, can result in both Earth system resilience 
and high-quality diets. Global shifts from current 
uniform, non-diverse diets to more diverse, nutritious 
and sustainable diets have the potential to avert  
10.8–11.6 million premature deaths per year (3) and 
reduce food-related greenhouse gas emissions by 
29%–70% by 2050 (30, 31).

Blind spots in 
food biodiversity 
knowledge

It seems simple to recommend that the world should 
increase its food biodiversity in production systems 
so that it can improve Earth system resilience and 
promote healthier diets in a win-win scenario. However, 
various blind spots in current knowledge make this 
recommendation more complicated than it appears at 
first sight:

• The relationship between biodiversity on farms and 
biodiversity on plates is not straightforward (32–34)

• Food biodiversity measurements tend to focus on 
either the global or very local scale (35)

• Consumption (dietary intake) of food biodiversity is 
often overlooked (18)

• Scientists measuring biodiversity in production 
systems and measuring diversity in diets do not 
measure the same things (36)

• Diet diversity doesn’t necessarily guarantee diet 
quality (37).

Translating agricultural biodiversity to 
diverse diets: lost in translation?

The relationship between diverse agricultural 
production systems and diverse, nutritious and 
sustainable diets is intricate and mitigated by multiple 
factors, such as markets (access and availability of 
nutritious and safe foods), gender relations, control 
over and access to resources, wealth, cultural values 
and the existing degree of on-farm diversity (33, 34, 38). 
Increasing agricultural biodiversity on farm, typically 
the number of crop species and occasionally livestock 
species, can contribute to dietary diversity (33, 34, 39) 
and the consumption of fruit and vegetables, food 
energy and micronutrients in smallholder subsistence 

farming households in low- and middle-income 
countries (40). However, some studies indicate that, 
to have nutritionally meaningful impacts on dietary 
diversity, unrealistically large increases are required 
in the number of distinct crop or livestock species 
managed on farm (34). 

Researchers identify two main pathways for 
smallholder farmers to improve diets. The first is to 
increase and consume on-farm diversity, the second 
is to specialize more in cash crops to earn income to 
purchase and consume more diversity. Most farmers 
use a combination of both. For individual smallholder 
farmers, maintaining agricultural biodiversity can 
sustain beneficial ecosystem functions on farm, reduce 
costs of external inputs, and facilitate access to new 
market opportunities, increasing and smoothing 
income so indirectly improving access to more diverse 
and nutritious diets (33). Conversely, on-farm crop 
diversification might sacrifice economic gains from 
agricultural specialization (41). On the other hand, 
investing in a narrow range of cash crops might increase 
income from agriculture production, but might also 
result in longer-term consequences of land degradation. 
Another major consideration with the income pathway 
is that increased income does not translate directly into 
healthier diet choices, and in order for the increased 
income to result in better diet, nutrition education 
and communications efforts must be established (28). 
Otherwise, the trend observed is increased income spent 
on food but not necessarily healthier food choices.

Given evidence that both increased income and 
increased on-farm diversity strategies can be effective in 
improving diet diversity, albeit via different pathways, 
there is a need to better understand the trade-offs 
between diets, income and ecosystem health that will 
occur within very specific contexts, geographies, and 
within sets of smallholder farmer priorities (38).

Food biodiversity is measured and 
analyzed at different scales

At global level, increasing the food production of a 
diversity of vegetables, fruits, legumes, and nuts and 
seeds is critical for the global population to achieve 
a sustainable and healthy diet by mid-century (3). 
However, food is actually chosen and consumed by 
individuals in households and produced on farms. 
There is a large gap when moving from global level to 
farm level or individual analysis and one blind spot is 
the ‘missing middle’ or the functioning of food systems 
within different production and market systems (35). 
These have been described by the High Level Panel of 
Experts on Nutrition as traditional, mixed and modern 
food systems that are influenced by culture, income 
levels and consumer needs (convenience, taste, budget, 
time available) (28).
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Consumption of food biodiversity is often 
overlooked 

There is a strong and rising demand from global 
development actors for simple indicators that reflect 
at least one aspect of food and nutrition security or 
diet quality, particularly for vulnerable populations. 
Therefore, most studies measure dietary diversity as a 
simple count of distinct foods or food groups consumed 
over a prespecified recall period (33, 34, 42). These 
widely disseminated and applied dietary diversity 
scores are often based on less resource-intensive self-
reported dietary assessments methods such as list-based 
questionnaires or open-ended 24-hour dietary recalls. 
They reflect the various food sources of macro- and 
micronutrients in diets. To give an example, one widely 
used food-group diversity score is the Minimum 
Dietary Diversity for Women (MDD-W) (43, 44). It 
assesses the proportion of women of reproductive age 
(15–49 years) who consumed in the previous 24 hours at 
least five out of ten predefined food groups:

• Grains, white roots and tubers, and plantains

• Pulses (beans, peas and lentils)

• Nuts and seeds

• Dairy

• Meat, poultry and fish

• Eggs

• Dark green leafy vegetables

• Other vitamin A-rich fruits and vegetables

• Other vegetables

• Other fruits.

The MDD-W has been validated as a proxy for the 
probability of micronutrient adequacy of women’s diets 
in low- and middle-income countries (45). 

One blind spot important from a biodiversity point of 
view is that indicators based on food groups do not 
tell us anything about the species and varieties that 
diets are made up of. For most food biodiversity, there 
are substantial variations between species and within 
species in the content and density of important nutrients 
and other health-promoting components (46–49). Food-
group diversity scores are not designed and are thus 
inappropriate to assess the hypothesized benefits of 
within food-group biodiversity, such as the biological 
nutrient variations within species, subspecies, varieties, 
cultivars and breeds, the evenness of food energy 
allocation or the dissimilarity in nutritional traits across 
food groups (37, 50).

A mismatch of agricultural biodiversity 
and dietary diversity indicators

The assessment and elucidation of linkages between 
agricultural biodiversity and dietary diversity are 
hampered by the fact that indicators used to measure 
on-farm diversity and those used to measure dietary 
diversity are not aligned. Moreover, within each 
specific domain (i.e. agroecology and nutrition), there 
are numerous indicators and various methods by 
which they are collected (51, 52). Dietary and ecological 
diversity indicators are not designed to assess the 
multifarious relationships between food biodiversity 
and diet quality. Research linking food biodiversity, 
agricultural production diversity and diet quality has 
applied multiple metrics without validation from a 
nutritional point of view (33).

The selection and number of food groups indisputably 
alters the association between agricultural biodiversity 
and dietary diversity, particularly when the selected 
food groups do not align with those crop species or 
crop groups used to define agricultural biodiversity. To 
illustrate, consider three smallholder farms. The first 
grows only maize, and so has a production diversity 
(PD) of one. The second farm grows maize and millet 
(PD = 2) and the third farm grows maize, millet and 
sorghum (PD = 3). If the individuals on these farms 
consumed only their subsistence food production 
(maize; maize and millet; or maize, millet and sorghum) 
then the individual-level dietary diversity score would 
be 1 in all cases, as all of the species are from the ‘grains, 
white roots and tubers, and plantains’ food group. In 
this simplified scenario there would be no relationship 
between agricultural biodiversity and dietary diversity 
(36). Intuitively however, increasing the number of 
species within the same food group might lead to lower 
net nutritional benefits than when species of distinct 
food groups are added to the production landscape.

This example illustrates the difficulty in coming 
to terms with the relationship between production 
diversity and food biodiversity for diet diversity. On the 
one hand, a production diversity score of 3 may mean 
a more ecologically resilient farm but the unchanged 
dietary diversity score of 1 in this example will not help 
meet minimum standards of diversity for a woman of 
reproductive age. In the real world, this simple example 
becomes more complex since diets are influenced 
not just by what is grown on farm but consumers’ 
access to markets, preferences, seasonality of wild and 
domesticated foods and other significant influencing 
factors that have not been well captured in analytical 
frameworks to understand the linkages between 
production and diet diversity. 
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Dietary diversity does not guarantee diet 
quality

Diversity scores assess only one aspect of diet quality 
(53). Individual-level dietary diversity scores capture one 
important dimension of diet quality: the consumption of 
nutrient-dense food groups, such as fruit and vegetables, 
nuts and seeds and pulses. Nevertheless, individual-
level dietary diversity scores do not capture other 
imperative diet-quality dimensions. To illustrate, food-
group based indicators do not provide any information 
on (Figure 1):

• Richness: number of distinct species per day

• Evenness: distribution of food energy, nutrients or 
species abundance across food groups 

• Disparity: level of (dis)similarity between species 
(e.g. vitamin A content) or food items (e.g. level of 
food processing).

The figure also illustrates a huge blind spot in 
understanding the processing level of the diversity 
consumed. We cannot see if the species is consumed 
fresh, minimally processed or as ultra-processed food. 
Level of processing is a critical factor to be considered 
in assessment of overall diet quality based on any 
given dietary pattern (55–57). In fact recommendations 
to eat diverse foods, if not accompanied also by 
recommendations that those foods be predominantly 
fruits, vegetables, whole grains and seeds, will not lead 
to healthy diets (58).

Efforts to address 
the blind spots

Linking diverse diets and agricultural 
biodiversity through food-based dietary 
guidelines

There is growing recognition of the central roles 
of structural, environmental, cultural, social and 
psychological factors in dietary behaviour (59). To halt 
global transitions towards low-quality, homogenous 
diets and redirect human behaviour towards more food-
biodiverse and sustainable diets, we need more than just 
a robust scientific evidence base. Clear policy measures 
are best suited to changing dietary patterns (3, 60). For 
example, the determination that trans fatty acids could 
not be classified as ‘Generally recognized as safe’ led 
to a public-health decision by the US Food and Drug 
Administration in 2015 to ban them in the food supply 
system.

A softer policy intervention is nudging the public 
towards healthy food choices through guidelines. 
Dietary diversity is advocated in food-based dietary 
guidelines and in the ‘Healthy Diet’ and ‘A healthy diet 
sustainably produced’ fact and information sheets from 

Distinct species are indicated by their colour. Richness is the absolute number of species in a dietary pattern: in both dietary patterns 
it is equal to five. Evenness is the equitability of the species abundance distribution across food groups: in dietary pattern A all species 
are present in equal abundance and so it is perfectly even, while dietary pattern B is very uneven since it is dominated by the green 
species. Disparity is the level of similarity between species: for example red and pink species are more similar to each other (nutritional 
traits/attributes) than the red and the black species (Adapted from (54)).

FIGURE 1 – Representation of two dietary patterns where 100 food items are consumed

Dietary pattern
A

Dietary pattern
B
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the World Health Organization. However, most national 
dietary guidelines do not reflect the available evidence 
on nutritious, sustainable and healthy diets, and include 
no or lenient limits for animal-source foods, particularly 
meat and dairy (61), despite an opposing evidence base 
(62, 63). 

Guidelines also offer a potential strategy to link 
sustainable agricultural production to biodiverse diets. 
A few countries (Brazil, Germany, Qatar, Sweden) have 
introduced sustainability criteria into their national 
dietary guidelines (Box 1, (55)). Others (the Nordic 
countries, Netherlands, France, Estonia and the UK) 
have issued quasi-official guidelines by government-
funded entities. However, whether or not dietary 
guidelines should include sustainability or biodiversity 
criteria is ultimately a political decision and as such has 
been a major issue of discussion in several countries.

Developing indicators that cut across food 
and farms

One way to explore the link between on-farm 
biodiversity and dietary diversity is to adopt novel 
nutritional measures from established diversity sciences 
describing diversity in ecological and economic systems. 
One such measure, Dietary Species Richness, counts the 
number of unique plant and animal species consumed 
in the previous 24 hours. Dietary Species Richness has 
been successfully applied as a cross-cutting measure of 
food biodiversity and micronutrient adequacy of diets in 
wet and dry seasons in seven rural contexts of low- and 
middle-income countries (18). Measuring the number 
of species consumed during dietary assessments 
provides a unique opportunity to cut across two critical 
dimensions of sustainable development – human and 
planetary health – and complements existing metrics 
of healthy and sustainable diets. Decision-makers often 
struggle to harmonize environmental and food policy 
actions so dietary species richness is a valuable metric 
in this regard, as it integrates food biodiversity, nutrition 
and health aspects of food systems. Nevertheless, 
assessing Dietary Species Richness is challenging, it has 
been estimated that previous studies have misidentified 
6%–10% of species (64). Guidelines have recently been 
prepared to adequately record species during dietary 
intake assessments (17).

BOX 1 – Extract from Swedish food-based dietary 
guidelines (55) 

• High-fibre vegetables have a lower environmental 
impact than salad greens. They tend to be grown outside 
(not in greenhouses). They are also more robust, which 
reduces waste due to damages during transport.

• Although people should consume more seafood 
for health, many wild fish stocks are endangered 
or are harvested unsustainably, while aquaculture 
also has its problems. People should therefore buy 
ecolabelled products. Mussels can help reduce marine 
eutrophication.

• One of the ways to increase physical activity is to use 
the stairs instead of the lift, and cycle or walk to work, 
and these behaviours can also reduce the environmental 
impact.

• Cereals have a relatively small climate impact. Due to 
the high greenhouse gas emissions associated with 
rice, other grains and potatoes are a better choice for 
the environment.

• Rapeseed oil and olive oil generally have a lower 
environmental impact than palm oil, but the relationship 
gets inverted when palm oil is produced without 
deforestation (e.g. in old plantations).

• Dairy products have high environmental impacts since 
dairy cows produce methane. However, grazing animals 
can help bring about a “rich agricultural landscape and 
biodiversity”. 

• Drinks made of oats and soya are ecofriendly, chose the 
ones enriched with vitamins and minerals.

• Reducing meat consumption can benefit both health 
and the environment. By cutting down on quantity 
people may be able to afford to buy meat produced 
more sustainably, with attention paid to the welfare of 
the animals. Different meat types have different climate 
impacts: poultry has the smallest impact on climate, 
followed by pork. On the other hand, free range beef 
and lamb can also have other positive environmental 
effects – animal grazing can help maintain diverse 
agricultural landscapes and support biodiversity.

• Sweets can also have a high environmental impact: a 
bag of jelly beans actually has as much of a climate 
footprint as a small portion of pork. These are referred 
to in the report as an “unnecessary environmental 
impact”.
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Pointers for 
research and policy

In an interconnected, multi-stakeholder global food 
system, balancing the nurturing of human health with 
environmental stewardship presents numerous policy 
challenges (14). Despite growing awareness of the 
benefits of agricultural biodiversity for dietary diversity 
and the benefits of diverse diets for human nutrition 
and health, many barriers and perverse subsidies 
make it difficult to mainstream biodiversity in food 
production and consumption (65). Food and agricultural 
policies and research must be reoriented to encourage 
agricultural biodiversity, nutrition and sustainability, 
rather than prioritizing the productivity of a narrow-
range of monoculture crop and livestock species that 
adversely affect human and planetary health (3, 66).

Diversified agricultural production systems and diverse 
diets can be mutually reinforcing. If we want to eat it, 
we must grow it. Therefore, policy interventions must 
develop and strengthen markets that promote and 
encourage traditional, neglected and underutilized 
crop species, varieties, cultivars and breeds (34, 66, 67). 
This is a promising strategy to improve the availability, 
accessibility and affordability of food biodiversity and 
high-quality diets for all strata of society. Moreover, 
policy and research reorientation might also include 
transforming agricultural extension services to 
encourage a plethora of food biodiversity and foster 
synergies between scientific and local knowledge and 
biocultural heritage (e.g. participatory plant breeding). 
Global food industry and gastronomy movements also 
have the power to shape dietary patterns and champion 
food biodiversity. For example, the Chefs’ Manifesto 
of the SDG2 Advocacy Hub is a thematic framework, 
which outlines how chefs can contribute to the SDGs 
through simple, practical actions (Box 2).

BOX 2 – The Chefs’ Manifesto eight thematic areas 

1. Ingredients grown with respect for the Earth and its 
oceans

2. Protection of biodiversity and improved animal welfare

3. Investment in livelihoods

4. Value natural resources and reduce waste

5. Celebration of local and seasonal food 

6. A focus on plant-based ingredients 

7. Education on food safety and healthy diets

8. Nutritious food that is accessible and affordable for all.

For researchers, there is a need to go beyond food-group 
diversity, and collect food composition and consumption 
data on wild and cultivated food biodiversity (17). To 
connect human diets to global food systems, additional 
research is needed on consumer behaviour and food 
environments. This includes understanding the 
sources of food biodiversity (wild, on-farm production, 
purchased) (18, 33) and the relative contribution of wild 
and cultivated food biodiversity to both diet quality 
and sustainability (39). Monitoring the contribution of 
agricultural biodiversity to global diets facilitates the 
identification of a multitude of species with the greatest 
potential to improve nutrition in various local contexts 
and provides additional granularity to assess the 
importance of food biodiversity in ensuring diet quality 
(18, 68). Further research into the multifunctionalities of 
food biodiversity (e.g. long-term productivity, stability 
and resilience to shocks) is critical to understand the 
context-specific factors that facilitate or hinder the role 
of agricultural diversification in positively influencing 
food environments and dietary patterns (35).

To conclude, increasing food biodiversity is vital to 
reduce malnutrition risks to human health and to 
increase resilience in a stable Earth system. It will 
require greater clarity on current blind spots regarding 
the complex relationship between agricultural 
biodiversity and food biodiversity. It will also need 
practices, policies and metrics that both facilitate 
transitions to diversified sustainable agricultural 
systems, and raise awareness and stimulate demand for 
diverse diets. 
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Diverse local food species, Guatemala. Guatemala is a global 
hotspot for biodiversity. The plants used by local and indigenous 
people are often wild-collected or semi-domesticated and have 
not received much research attention to enhance their roles in 
the livelihoods of Guatemalan people—even if some have much 
higher nutrition values and higher stress tolerance than more 
commercial crops. Credit: Bioversity International/R. Robitaille
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