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A Sanctuary for Biodiversity
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Learning outcomes for today
• Familiarise yourselves with the concepts of food 

systems, and biodiversity for food and 
agriculture 

• Critically analyse the state and trends of 
functional biodiversity in food systems 

Global  
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Population Growth 
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Problem !!! 

ensure food security and proper nutrition  
for a massively growing population 

preserving the planet

while



Biodiversity 
Biodiversity is the variability that 
exists among living organisms 
(both within and between 
species) and the ecosystems of 
which they are part. 
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Problem !!! 

Food systems critically contribute to the erosion of 
Biodiversity. 

But Biodiversity is required for effective and 
sustainable food production!!! 



BFA 
Biodiversity for food and 
agriculture (BFA) is the 
biodiversity that in one way or 
another contributes to 
agriculture and food producti
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Biodiversity for Food 

The State of the World’s Biodiversity 
for Food and Agriculture (SoW-BFA) 
addresses the sustainable use, 
development and conservation of 
BFA worldwide. BFA is taken to 
include the diversity of animals, 
plants and micro-organisms at the 
genetic, species and ecosystem 
levels that sustain structures, 
functions and processes in and 
around production systems and 
p r o v i d e f o o d a n d n o n - f o o d 
agricultural products.
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Biodiversity for Food 
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Biodiversity for Food 
Human well-being depends i on the Earth’s ecosystems and the biodiversity within 
them. In recent decades, it has become common to describe this dependence in 
terms of a set of “services” provided by ecosystems. This ecosystem service 
concept provided the framework for the Millennium Ecosystem Assessment, a major 
study of the state of the world’s ecosystems and their influence on human well-
being undertaken between 2001 and 2005. Ecosystem services were defined in this 
case as “the benefits humans derive from ecosystems”
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Biodiversity for Food 
Biodiversity for food and agriculture (BFA) delivers multiple supporting and 
regulating ecosystem services including pollination, formation and maintenance of 
soils, nutrient cycling, climate regulation, maintenance of water supplies, and control 
of pests and diseases that are vital to production and to human well-being more 
broadly.

BFA contributes in many ways to the supply of cultural ecosystem services, i.e. the 
aesthetic, recreational, inspirational, spiritual and educational benefits that people 
obtain from contact with nature.



Pollination Ecosystem 
services for 
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Diverse biological resources – 
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An estimated 87.5 percent of all flowering plant species are pollinated by animals. 
Crops at least partially pollinated by animals account for 35 percent of global food 
production and are particularly significant in the supply of micronutrients for 
human consumption, for example accounting for more than 90 percent of available 
vitamin C and more than 70 percent of available vitamin A . Bees, including both 
managed and wild species are generally the main providers of pollination services. 
Other insects, birds, bats and some other animals also contribute.

Ollerton, Winfree and Tarrant, 2011
Klein et al., 2007
Eilers et al., 2011
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Soil formation and maintenance are inextricably linked to biodiversity. Micro 
organisms and invertebrates, in particular, are vital to soil health. Studies have 
shown that reducing soil biodiversity can impair various soil processes, including 
decomposition, nutrient retention and nutrient cycling, and reduce resilience to 
shocks

Beed et al., 2011
Cock et al., 2011
Schulz et al., 2013
Wagg et al., 2014
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Soil Ecosystems used for food and agriculture and the biodiversity within them can 
affect the climate at global, continental and local scales. Forests, grasslands and 
freshwater, marine and coastal ecosystems play key roles in the Earth’s carbon 
cycle and hence in regulating greenhouse-gas concentrations in the atmosphere. In 
all cases, the uptake and release of carbon depend on complex processes 
involving an enormous range of interacting species.
 
Beed et al., 2011
Cock et al., 2011
Laffoley and Grimsditch, 2009 
Nellemann et al., 2009 
Pullin and White, 2011
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The frequency of several kinds of extreme weather events is predicted to increase 
under climate change, and thus one way in which BFA can contribute to reducing 
the threat posed by natural disasters is via its above-mentioned contributions to 
climate change mitigation. However, it can also play a more direct protective role. 
For example, a number of coastal ecosystems (mangroves, coral reefs, seagrass 
meadows, kelp forests, etc.) provide protection against coastal storms and flooding.



Pest and disease regulationEcosystem 
services for 
Food Systems 
Diverse biological resources – 
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The Many different components of biodiversity found in and around production 
systems help to control species that may attack crops, livestock, trees or aquatic 
species, cause or spread diseases or otherwise disrupt human activities or the 
supply of ecosystem services. The direct providers of these services (e.g. 
predators, parasitoids and herbivores that consume pests, disease vectors or 
weeds) are referred to as biological control agents.
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The Ecosystems used for food and agriculture affect both the quantity and the 
quality of water supplies. Healthy soils and vegetation, whether in forests, 
grasslands, wetlands or crop fields, help to regulate the run-off of water into 
downstream areas. This can both help to reduce the risk of flooding and to keep 
streams and rivers flowing during dry periods of the year. Where water quality is 
concerned, a range of different physical, chemical and biological processes 
contribute to removing contaminants (harmful organic and inorganic substances, 
pathogenic microbes, etc.)
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The Food and agricultural production systems are, on the one hand, major drivers 
of habitat loss, but on the other are often significant habitats in their own right. In 
the case of forestry and fishing, it is clear that many production systems are diverse 
natural or semi-natural ecosystems that provide habitats for a vast range of 
species. At the other end of the spectrum, many crop, tree plantation and livestock 
systems raise only one, or only a very few, domesticated species and have largely 
been stripped even of semi-natural landscape remnants that would contribute to 
habitat diversity.
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The Both production systems as a whole and their components (including species, 
varieties or breeds of crops, livestock, trees and aquatic organisms) can contribute 
to cultural ecosystem services, i.e. the aesthetic, recreational, inspirational, spiritual 
and educational benefits that people obtain from contact with ecosystems. 
Biodiversity has a major influence on the aesthetic appearance of many 
ecosystems, their capacity to inspire, their suitability for various recreational 
activities and their educational significance.



Resilience
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The BFA provides options for adapting production systems to the threats posed by 
climate change and other environmental changes, strengthening disaster 
prevention, response and rehabilitation measures and combating threats posed by 
invasive alien species.



Climate change
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The The significance of BFA in efforts to cope with the effects of climate change has 
received increasing attention in recent years. For example, the Resilience Outcome 
Document of the twenty-third session of the Conference of the Parties to the United 
Nations Framework Convention on Climate Change in 2017 recognized that 
“nature is central to climate resilience”. The protection, sustainable management 
and restoration of terrestrial and marine ecosystems are the main elements for 
adaptation and resilience to a changing climate



Disasters and their impacts
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Bangladesh reports that in response to 
increased soil salinity fol lowing 
cyclones, researchers have screened 
for salinity-tolerant varieties of rice and 
other crops, which have then been 
multiplied and supplied to farmers. The 
United States of America mentions the 
Seeds of Success16 programme, 
which helps to re-establish stable 
native plant communities on land being 
rehabilitated after disasters such as 
wildfires. Argentina and Panama 
highlight the importance of genebanks 
in supporting producers in recovering 
genetic resources lost in disasters.
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Invasive alien species are non-native 
organisms that have been introduced 
accidently or deliberately into a new 
location and are causing economic or 
environmental harm or adversely 
affecting human health. 

Destabilized ecosystems, including 
systems used for food and agricultural 
production, tend to be more vulnerable to 
the spread of invasive alien species .

Various species are used as biological 
control agents to control invasive alien 
species. However, this strategy can carry 
some risk and needs to be carefully 
planned and monitored. It has sometimes 
had nega t i ve e f f ec t s on na t i ve 
biodiversity.
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Human food chains are affected by a range of shocks including pest and disease 
outbreaks and food-safety and pollution events. The report highlights the importance 
of the conservation and availability of species and genetic diversity in and 
around production systems, diversifying the use of crops, livestock, forest trees and 
aquaculture species, and restoring habitats to increase landscape and seascape 
complexity
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The need to ensure the food security and nutrition of a world population predicted to 
increase to almost 9.8 billion by 2050 means that food supplies and their nutritional 
quality will need to increase substantially over the coming years and decades. it has 
been estimated that global food production will need to increase by 50 percent by 
2050. 

Appropriate diversification of the species, varieties and breeds present in and around 
production systems can promote positive interactions that reduce the need for 
external inputs.

Well-planned genetic-improvement programmes can produce plant and animal 
populations that have the characteristics needed to produce efficiently in specific 
production environments



Sustainable Diversification
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Utilizing a wider range of species, 
varieties or breeds from within a 
given sector (crops, livestock, 
f o r e s t , a q u a c u l t u r e , e t c . ) , 
promoting positive interactions.

Potential measures involving 
associated biodiversity include 
increasing the availabil i ty of 
pollinator habitat by planting strips 
of wild flowers or trees within 
agricultural landscapes to promote 
pollinator abundance and diversity, 
and hence the supply of pollination 
services 
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Genetic-improvement programmes are among the main tools that can be drawn 
upon to increase the productivity and stability of food and agricultural systems, 
whether by increasing output, increasing product quality, enabling production to be 
maintained in harsh conditions or reducing harmful environmental impacts per unit 
of output. In many cases, however, plants and animals are currently bred for use 
in production systems that are in one way or another unsustainable, for 
example polluting, highly dependent on non-renewable resources or vulnerable to 
being undermined by the negative effects of various drivers of change. Breeding in 
support of sustainable intensification thus requires adjusting breeding goals so 
that the outputs are better adapted to systems that meet the overall objectives of 
the approach.

Breeding plants for attributes other than yield may be a means of promoting the supply of a wider 
range of ecosystem services, for example increasing carbon sequestration or water capture.
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Ending food insecurity and malnutrition remains one of the most fundamental 
challenges facing the world. According to the latest estimates, about 821 million 
people in the world are chronically undernourished. In 2017 151 million children 
under five years of age suffered from stunted growth, while 50 million suffered from 
wasting (a low weight-for-height ratio). Over 38 million children under five were 
estimated to be overweight and more than 672 million adults to be suffering from 
obesity. 

BFA) contributes to food security and nutrition in many ways, including by enabling 
food to be produced in a wide range of environments, helping to maintain the 
stability of food supplies through the year and through shocks such as droughts 
and pest outbreaks, supplying a wide variety of nutritionally diverse foods and 
contributing to the supply of water and fuel used in food preparation.

availability, access, utilization, and stability are the four dimensions of food security



Availability
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Increased output may require the domestication of additional food-producing 
species and increasing the use of underutilized and neglected species. It will 
certainly require efforts to ensure that the natural resources upon which food 
production depends, including all categories of BFA, are conserved and that the 
ecosystem services they provide are nurtured. For example, it has been estimated 
that about 30 percent of the increase in global production of food crops since the 
1960s has come from pollinator-dependent crops.
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Utilization refers to the way in which food is used in order to create a state of 
nutritional well-being. This involves selecting a nutritionally balanced diet and 
storing, processing and preparing foods safely. A healthy diet will require a range 
of different foods and hence a range of different plants and animals. Studies 
have shown that dietary diversity is a good predictor of diet quality, particularly in 
the case of children’s diets
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Food stability exists when adequate food is available to all individuals at all times, 
for example with no seasonal shortages or shortages in years when harvests are 
poor. Diversity is significant to stability, whether in that the presence of a range of 
different food-producing species, varieties and breeds that have different life cycles 
and different adaptive characteristics helps to maintain food supplies through the 
seasons of the year and through inter-year variations in rainfall, temperature, 
disease challenge, etc. 



Biodiversity plays an 
important and positive role 
for Food Systems 

What is the state of BFA?
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Demographic changes, urbanization, markets, trade and consumer preferences 
are reported to have strong influence on food systems, often with negative 
consequences for BFA and the ecosystem services it provides. Many of the drivers 
that have negative impacts on BFA, including overexploitation, overharvesting, 
pollution, overuse of external inputs, and changes in land and water management, 
are at least partially caused by inappropriate agricultural practices.
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Information from countries indicates that population growth and urbanization, and 
associated habitat destruction and land conversion, are having a negative effect on 
BFA and ecosystem services, with forests and coastal habitats appearing to be 
particularly threatened. Outmigration from rural areas is tending to lead to changes 
in management practices and land use, in some cases leading to the decline of 
traditional, biodiverse production systems. Markets and trade have a generally 
homogenizing effect globally, and international trade, urbanization and increasing 
regulation of markets are considered by countries to have a largely negative effect 
on BFA



Population growth
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People living in cities outnumber those living in rural areas. Projections indicate that population 
growth in cities  will continue to increase. As people move to cities they tend to depend 
increasingly on purchased foods, often from a few supermarket chains. They also lose ties with 
rural areas and rural foods, and increasingly opt for processed foods rather than fresh foods.
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In many developing countries people tend to perceive traditional food crops as poor people’s 
food. For example, in much of sub-Saharan Africa maize is perceived to be a “modern” crop and 
is promoted over traditional small grains by governmental extension services or private input 
suppliers.
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The distribution and phenology of important associated-biodiversity species are 
expected to change as a result of climate change, with negative effects on many 
production systems, especially on ecosystem services such as pollination and pest 
and disease control. Meteorological disasters can have severe long-term effects 
on BFA, with forest production systems and coastal areas appearing to be 
particularly vulnerable.
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Climate change affects BFA and ecosystem services by changes in rainfall, temperature and the 
frequencies of events such as droughts, cyclones/hurricanes, floods, fires and early or late frosts 
and by changes in plant flowering seasons and growing periods, animal breeding seasons, the 
oxidation rate of soil organic matter and the ranges and population dynamics of invasive 
species, pests, pathogens and disease vectors.
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Post-disaster needs assessments covering 74 medium- to large-scale disasters in 53 developing 
countries between 2006 and 2016 showed that agriculture accounted for 23 percent of all 
losses and damage incurred. Where droughts are concerned, agriculture absorbed 83 percent 
of the economic impact.

Natural disasters
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Pests and diseases affect food and agriculture worldwide and can pose a threat to the supply of 
ecosystem services and to the survival of some components of BFA, particularly species or 
within-species populations confined to small geographical areas.

Invasive alien species 
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Invasive alien species 
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Advances in science
Advances in science and technology are largely seen as positive by countries and 
as ways of reducing negative effects of other drivers on BFA. Science and 
technology are crucial to the generation of knowledge related to genes, 
species and ecosystems and hence to the sustainable use and conservation 
of BFA. Some technologies have negative effects on BFA and its role in the supply 
of ecosystem services.
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Advances in science

Technologies that have positive effects on BFA include nanotechnology, which can improve 
detection and monitoring and thus support rational decision-making, resource-use efficiency 
and precision targeting. For example, the use of nanosensors allows detection of plant diseases 
before symptoms become evident, meaning that infected plants can be removed to prevent the 
spread of disease and reduce or eliminate the need to use pesticides
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Production-system level
Loss and degradation of forest and aquatic ecosystems and, in many production systems, 
transition to intensive production of a reduced number of species, breeds and varieties, 
often coupled with inappropriate management practices, remain major drivers of loss 
of BFA and ecosystem services.
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The world’s total forest area has declined in recent years. In addition to reductions in the 
absolute extent of forest area, forest fragmentation is a major threat to biodiversity and 
ecosystem-service provision, as is conversion from natural forests to monoculture forest 
plantations in some parts of the world. It has been estimated that 70 percent of the world’s 
remaining forest area is within 1 km of a forest edge. Also agriculture accounts for the largest 
share of water withdrawals worldwide (approximately 70 percent of the total).
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There is abundant evidence that intensification of crop, livestock and aquaculture systems 
through excessive use of synthetic inputs adversely affects BFA and particularly associated 
biodiversity. Contamination of soils with pesticide residues is also a major concern in intensive 
crop-production systems.
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As well as affecting target populations directly through removal, overharvesting can affect them 
indirectly by modifying their habitats. 33.1 % of marine fish stocks are classified as overfished. 
The bluefin tuna of the Northern Pacific Ocean provides an emblematic example. By 2016, 
overfishing had led to a fall of about 97 % in its population relative to estimated unfished levels; 
a large majority of the catch were young fish that had not yet reached reproductive age
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Policies directly addressing the management of BFA, and particularly those that restrict 
unsustainable practices, are considered by many countries to have positive effects on 
diversity and the supply of ecosystem services. However, negative impacts are also 
reported, for example in the case of policies favouring inappropriate mining, dam or 
reservoir construction or road building. 
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• Many key components of BFA at genetic, species and ecosystem levels are in decline 

• The proportion of animal breeds at risk of extinction is increasing.  

• Nearly a third of fish stocks are overfished and a third of freshwater fish species 
assessed are classed as threatened. 

• Many species that contribute to vital ecosystem services, including pollinators, natural 
enemies of pests, soil organisms, and wild food species, are in decline. 

• Forests, rangelands, mangroves, seagrasses, coral reefs and wetlands in general – key 
ecosystems that deliver many essential services to food and agriculture, including 
supply of freshwater, protection against storms, floods and other hazards, carbon 
sequestration and provision of habitat for countless species – are declining rapidly.

Status of BFA
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Status of BFA
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Discussion


