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Biodiversity and why is it important?

“Biodiversity is critical for safeguarding global food security, underpinning healthy and nutritious 

diets, improving rural livelihoods and enhancing the resilience of people and communities.” FAO’s 

Director-General José Graziano da Silva.

Climate change is somewhat reversible but once we lose species 

and genetic diversity within those species, we cannot get it back.

Biodiversity is the variety of life and the interactions between living things at all levels on 

land, in water and in the sea and air – genes, populations, species and ecosystems.

Biodiversity provide us with services essential for human 

well-being such as food and feed, medicines, energy and 

fibres

$44 trillion of economic value generation – over half 

the world’s total GDP – is moderately or highly 

dependent on nature and its services



Maintaining biodiversity feeds back into 
agricultural production 
Only 30 crops provide an estimated 90% of the world population’s dietary energy 

requirements, with wheat, rice and maize alone providing about half the dietary energy 

consumed globally. 

Less than 14 species of mammals and birds account for 90% of livestock production. 
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Biodiversity trends MEA (2005) : Current extinction rates are 100-1000 

times higher than the typical background rate.

If current trends continue this will rise to 10000 

times by the end of the century. 

CBD: ‘Agricultural land-use conversion is expected 

to remain the largest driver of biodiversity loss to 

2050’.

Agricultural expansion leading cause of tropical 

deforestation.



Ideas for preventing further biodiversity loss

Land Sharing: A situation 

where ‘low-yield farming 

enables biodiversity to be 

maintained within the 

agricultural landscape’.

Land Sparing: Where ‘high-yielding 

agriculture is practiced, requiring a smaller 

area of land to attain the same yields and 

therefore leaving greater areas of natural 

habitat untouched.’

vs

Increasingly the scientific research indicates for 

biodiversity land sparing is the best approach.



Area based conservation for biodiversity 
protection…

Area based targets are part of discussions: “Ensure that at least 
30 per cent globally of land areas and of sea areas, especially areas of particular 
importance for biodiversity and its contributions to people, are conserved …”



Area based conservation is contentious… 
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Edinburgh University: Global land use and food system modelling
‘LandSyMM’

Land cover and intensity change 
in regions of high biodiversity in 

the future 

Henry RC et al (2019) The role of global dietary transitions in 

biodiversity loss. Global Environmental Change, 58, 101956.

Biodiversity protection, radical 
‘Half Earth’

Human health and nourishment

Henry RC et al (2021) Global and regional health and food 

security under strict conservation scenarios. Nature Sustainability 

5 (4), 303-310 



Quantify impact of strict conservation 
scenarios on human health and food 

security
30% protection

Between 2020-2040 
protected areas expand 

such that 30% of terrestrial 
surface is strictly protected

50% protection
Between 2020-2040 

protected areas expand 
such that 50% of terrestrial 
surface is strictly protected

Food security Human mortality

Reference
No protected areas 

expansion. Agriculture 
permitted in existing 

protected areas but not 
allowed to expand

2060

Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310 



Protected areas 
prioritisation maps for 

30% and 50%



Where are the priority areas?

Distribution data on birds, mammals, amphibians and reptiles was used 

to calculate the optimal conservation areas to protect as many species 

from extinction as possible.

Bias towards the tropics – regions that harbour high levels of 

biodiversity.



2020-2040 protected 
areas gradually 
implemented, 

agriculture excluded

Protected areas 
prioritisation maps for 
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Supply of food 
commodities adjust



Land use and commodity production

Land use & 
commodity 
production
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intensity
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- Costs of agricultural 

inputs and land change
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at minimal cost

Maize, California Central Valley, US

(37ºN, 120ºW)

Spring wheat, East Anglia, UK

(52ºN, 0.5ºE)
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2020-2040 protected 
areas gradually 
implemented, 

agriculture excluded

Protected areas 
prioritisation maps for 

30% and 50%

Supply of food 
commodities adjust

Changes in price

Changes in 
consumption 



Trade, prices and consumption

Non-equilibrium markets

• Prices annually adjusted based on rate of imbalance in aggregate import/exports

• Over/under supply covered by stock variations
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2020-2040 protected 
areas gradually 
implemented, 

agriculture excluded

Protected areas 
prioritisation maps for 

30% and 50%

Supply of food 
commodities adjust

Changes in price

Changes in 
consumption 

Changes mortality from 
diet and weight related 

causes 
Springmann et al. (2018)



Changes in mortality from weight and diet
Relationships drawn from scientific (mostly medical) literature between consumption of 

particular food groups and risk of developing diseases.

Dietary factors

Increasing red meat in diets linked to: 

Risk of stroke

Risk of Type-II diabetes

Risk of bowel cancer

Increasing fruit and vegetable intake linked to:

Risk of coronary heart disease

Risk of Stroke

Risk of cancer

Weight factors

Increasing obesity linked to: 

Risk of stroke

Risk of Type-II diabetes

Risk of cancer

Risk of coronary heart disease

Other causes of morbidity

Increasing malnourishment linked to:

Risk of Stroke

Risk of cancer

Other non specific causes of morbidity



2020-2040 protected 
areas gradually 
implemented, 

agriculture excluded

Protected areas 
prioritisation maps for 

30% and 50%

Supply of food 
commodities adjust

Changes in price

Changes in 
consumption 

Changes mortality from 
diet and weight related 

causes 
Springmann et al. (2018)



Reference

50% protection

Agricultural land displaced to 
higher latitudes
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Developed regions buffered by food price increases in terms of 
affordability

Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310 



Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310 



Strict protected area expansion 
increases global mortality by 4%

Lower RM consumption benefits 
outweighed by reduced FV 

consumption

Moving from 30% -> 50% protection 
triples underweight related mortality

Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310 



South Asia and Sub-Saharan Africa 
have the largest additional 

underweight-related deaths 

83% of all global additional 
underweight related deaths in these 

regions

Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310 



Food insecurity and meat consumption in 
the developing world

The majority of sub-Saharan countries and 

most of Southeast Asia which have had a 

consistent pattern of low animal product 

consumption rates (< 10%).

Africa remains the continent with the 

highest levels of undernourishment.

According to FAO estimates, in 2017, 

around 10 percent of the world population 

was exposed to severe food insecurity.

Milk, meat, and eggs, “animal-source foods” 

are some of the best sources of high quality 

protein and micronutrients.



South Asia and Sub-Saharan Africa 
have the largest additional 

underweight-related deaths 

83% of all global additional 
underweight related deaths in these 

regions

N. America and Europe have the 
lowest additional underweight-

related deaths

Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310 



Strict protected areas could adversely affect 
human health and food security…

• Protected area implementation is a tricky issue, how to protect biodiversity without negative 
human consequences, particularly for already food insecure developing regions

• A lot of ruminating about potential negative consequences of too strict protection, this was 
one of few studies to try to quantify it

• Assumptions are extreme, agricultural exclusion, future work could relax assumptions and 
test PA that are proposed by post 2020 biodiversity framework

• Didn’t include positive health effects of biodiversity

• Didn’t consider economic or physical displacement effects, could have further repercussions

Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310 



Other studies?

50% of terrestrial surface is nature 

only landscapes – agriculture 

displaced

50% of terrestrial surface is shared 

landscape – crop and conservation 

production can coexist

“the trade-offs between agriculture and Half-Earth will be much 

lower if landscapes are allowed to remain as mosaics of shared 

land uses”



All this is not to 
say we should 

avoid 
conservation!

Rather, we need 
to find a balance.



We need both biodiversity and agriculture, 
but how do we find the balance?
Consumer change – addressing meat consumption?

Beef production requires most 

land.

Beef production requires 6 times 

more reactive nitrogen to produce 

than dairy, poultry, pork, and 

eggs.



Intensification and closing yield gaps

Reducing the difference between the forecasted yield and the attainable yield.

Ninety-six countries, especially in Africa, but also in South America, have actual yields that are less than half 

of those that could be attained if yield-enhancing methods and technologies were adopted

Meat yields (measured as the amount of meat produced per animal) remain much lower in developing 

countries than in the advanced livestock sectors of North America and Europe.

In sub-Saharan African closing yield gaps by 80% would decrease the demand for further cropland in sub-

Saharan Africa by 55%. 



Closing yield gaps without negative 
consequences: a role for crop-livestock systems

Agricultural systems in developed world and emerging economies associated with increasing 

levels of specialisation i.e. uniform intensive crop production systems and highly concentrated 

livestock production.

However integrated crop-livestock systems are major contributors to global food production, 

most of the world’s 430 million low-income livestock keepers are found in mixed systems. The 

most economically important livestock systems in Asia, Latin America and North Africa are 

mixed systems.

In low income countries there is a growing trend towards mixed farming particularly in Sub 

Saharan Africa as population levels rise.



Crop-livestock systems more 
environmentally friendly



Crop-livestock systems could help to close 
yield gaps In the Brazilian subtropics, grain yields from crops cultivated in 

succession or rotation with pastures were higher compared to 

the non-grazed control crops, demonstrating that grazing affects 

subsequent grain yields in a positive manner.

In India, improved dual-purpose varieties of sorghum and millet 

have allowed smallholders to increase the milk production of 

buffalos and cows by up to 50% without reducing the grain 

output from their crops.

Model for 

developed 

countries too



A question for 
us all…

In the UK how 
do we strike the 
balance?

Thanks!

Roslyn.henry1@abdn.ac.uk


