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Biodiversity and Health

INTRODUCTION

Humans receive a wealth of benefits from ecosystems.
These are described as ‘ecosystem services' and include
physical products, such as food and medicines, as well
as useful services such as pollination of crop plants and
climate regulation. Many ecosystem services do not have
market prices and their economic value can be estimated
only by indirect methods. There is growing recognition of
the need to value ecosystem services, even if this is more
difficult for regulation services than for physical products.

An emerging body of research is now uncovering a hugely
important range of ecosystem services: the benefits of
biodiversity for human health. In a broad sense, most
ecosystem services, such as water purification and food
provision, have a direct or indirect impact on human health.
But ecosystems also provide more specific benefits for
human health: plants and bacteria are well-recognised key
sources of new medicines, and other important links include
benefits for mental health, and the complex influence of the
natural environment on the spread of infectious diseases.

Many links between biodiversity and human health
may remain unknown. But there is a growing body of
evidence that disturbances to ecosystems may have large
consequences for human wellbeing. Thus protecting
biodiversity - including the number of species but also
the structure of communities within ecosystems - helps
minimise undesirable or unintended impacts on health.

Despite global efforts to conserve biodiversity under
the Convention on Biological Diversity, species are on
average at greater risk of extinction than they were when
targets were set in 2002. (Secretariat of the Convention
on Biological Diversity, 2010) In line with international
agreements to conserve biological diversity, the EU
has adopted a framework for action to halt biodiversity
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Key Facts: Biodiversity and Health

‘

More than half of all new drugs are based on or
connected to natural products (Ganesan, 2008)

Around two thirds of the agents that cause human
disease are naturally transmitted from animals to
humans (Diaz et al, 2005).

More than half of the world’s population live in
urban environments (Dean et al, 2011). Most do
not have easy access to green spaces (Hladnik and
Pirnat, 2011).

A quarter of all European species are under
threat. 25% of marine mammals, 15% of terrestrial
mammals, 22% of amphibians, 21% of reptiles and

12% of birds are facing extinction at the European
level (EEA, 2010).
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Medicines from natural products

The natural world is a vast resource of chemical and
genetic diversity which makes major contributions to
medicine. Chemical compounds produced by plants,
animals or microbes have been used as medicines for
decades — centuries in some cases. Some of the best
known examples are the penicillin antibiotics, originally
discovered as natural products made by fungi, and
the painkiller aspirin, developed by making chemical
modifications to a substance in willow bark called salicin.

More recent advances mean that scientists are also able to
make medically important compounds by making genetic
changes to the organisms that produce them, or by re-
engineering other organisms to produce the compounds.
The anti-malarial artemisinin, an extract of sweet
wormwood, can now be produced in large quantities in
genetically modified yeast (Ro, et al. 2006) and scientists
are using genetic approaches to address drug resistance
problems by tweaking the biochemistry of bacteria.

Certain environmental niches, such as the deep ocean,

A quarter of European marine mammals are under threat
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Defining Biodiversity

Biodiversity, as defined by the Convention on
Biological Diversity (CBD), is ‘the variability among
living organisms from all sources including, inter alia,
terrestrial, marine and other aquatic ecosystems and
the ecological complexes of which they are part; this
includes diversity within species, between species and
of ecosystems’(1992).

The CBD, which came into force in 1993, is a legally
binding commitment to conserve biodiversity and its
adoption has had a huge impact on public and political
interest in the meaning and importance of biodiversity.

may represent huge genetic resources with largely
untapped potential for biomedical applications. For
example, structurally unusual chemicals with anti-
cancer activities have recently been isolated from
bacteria that grow on coral reefs (Taori, et al. 2008).

The chemical structures produced in nature are
relatively few when compared to all possible structures
- an infinite number - but they have been
honed through many millions of years of
evolution. If lost, these biologically active
structures may not be so easily accessible
through  computational or synthetic
means. Furthermore, drug development
is a slow process (between 1970-2006,
only 24 natural product discoveries led
directly to the approval of new drugs
(Ganesan, 2008)), which highlights the
urgency of protecting biodiversity now.

Nature is not just a source of new drug
discoveries; it also provides inspiration for
the design of novel drugs produced in the
laboratory. More than half of new drugs
marketed between 1981-2006 had some
natural product connection, providing
one compelling argument for preserving
biodiversity. One example is the antibiotic
5Q26,180, which was discovered in a
bacteriumandreplaced by asynthetic mimic.
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Biodiversity plays a number of important roles in helping
ensure humans have a secure supply of food.

For example, loss of genetic diversity within staple crops
represents a threat to human health when their potential for
resistance against disease, pests, drought and other natural
or manmade disasters is considered. Worldwide, the diversity
of agricultural crops - measured in terms of their genetic
differences - has diminished rapidly in the last two decades,
dwindling to a quarter of what it was in 1990 (European
Commission, 2011).

Pollinators, including bees, are essential for ensuring the
genetic diversity of plants, including agricultural crops. Relying
on a small number of pollinator species to carry out these
services is risky given recent declines and it is therefore crucial
to protect a wide range, including wild pollinator populations
(Potts, et al., 2006). In turn, many different species make up
the complex ecosystems that support pollinators and careful
management of natural and agricultural habitats is required
to protect their biodiversity.

Biodiversity within and at the edges of agricultural land often
ensures against pest infestations that could threaten food
supply (Diaz, et al., 2005). For example, maize grown together
with peanuts reduces the impact of stemborer, an important
agricultural pest in central and Southern Europe, and cacao
grown near to natural forests seems to suffer less from pest
infestations.

Case study 1: Lyme disease

Biodiversity and Health

Microbial biodiversity also affects food security and
consequently human wellbeing. For example, soil
microorganisms carry out important ecosystem services by
recycling organic waste and converting nitrogen from the
atmosphereinto aform that plants can absorb.Their ecosystem
services thus make soil more productive for agriculture and it
is estimated that microbes are responsible for fixing over 140
million tonnes of nitrogen each year, the economic value of
which has been estimated to be around €63 billion (Brussaard,
etal., 2007).

Infectious diseases

Thenaturalworldhasastronginfluenceonthetransmission
of diseases to humans from animals. When an infectious
agent responsible for a human disease is also capable of
infectingotherspecies,thesespeciesmayactasreservoirsor
vectors for the disease. Poultry and livestock are important
natural reservoirs for the influenza virus, for example.

Vector-borne diseases are those that are transmitted from
animals to humans by an intermediate host, usually an
insect vector, for example, the transmission of malaria by
mosquitoes. Disturbancestobiodiversitythataffectreservoir
and vector species will therefore affect human diseases.
Deforestation, the building of dams, overfishing and
agricultural development all have large impacts on
ecosystems in ways that encourage changes to natural
biodiversity and the structure of communities that
support important reservoir and vector species. For

Lyme disease is a bacterial disease which causes skin rashes, fever and headaches. Although treatable, persistent disease
can lead to permanent damage to the brain, heart, joints and nervous system. The bacteria responsible are carried by
ticks. In Europe, the geographical range of tick vectors is expanding northwards and high incidences of disease are now
found in the Baltic States and Sweden, although Austria and Slovenia bear the greatest burdens (Lindgren and Jaenson,
2006).

Lyme disease is often cited as an example of the ‘dilution effect’ The best host for ticks is the white-footed mouse,
but the presence of a diverse community of other mammals may ‘dilute’ their effects on disease transmission to ticks.
Laboratory-based studies and modelling approaches have found a critical role for species richness in reducing the risk
of Lyme disease (Schmidt and Ostfeld, 2001).

However, results are difficult to verify in the field. A recent study suggests the modelled effect is too simplistic and that

dilution or amplification of disease risk depends on more precise interactions between hosts and their contact with and
resistance to ticks (Ogden and Tsao, 2009).
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example, dams in Egypt and Senegal have led to outbreaks
of schistosomiasis by changing the distribution of snail
populations that harbour the disease (Chivian, et al., 2002).

Models also predict that human-induced climate change
will cause the geographic range of many disease vectors
to expand on a global scale (Chivian, et al., 2002). Although
consequences for human health are currently uncertain as
the factors that influence disease spread are highly complex,
itis likely that, overall, climate change will exacerbate vector-
borne diseases. To take the example of malaria, transmission
depends not just on temperature, but on daily temperature
fluctuations that affect the incubation period of the malaria
parasitewithinthe mosquito (Paaijmans,etal.,2010)and these
are currently unpredictable under future climate scenarios.

A number of recent studies concluded that maintaining a
high level of diversity among species in natural ecosystems
offers protection against the emergence and spread of certain
human diseases (Zaghi, et al. 2010). A key concept is ‘the
dilution effect’ Hosts carry disease which can be passed onto
vectors, and in turn, onto humans. For example, mammals
can carry diseases that are passed on to the parasites (e.g.
ticks) that live on them; these parasites can go on to spread
disease to humans. The dilution effect suggests that if there
is a diverse range of hosts for a disease, the impact of the host
thatisbestattransmittingthedisease tovectorsisdiluted.The
theory is that the meals that vectors take are spread between
a variety of other hosts, many of which do not contribute to
disease transmission. Studies have analysed the influence of
the dilution effect in the spread of Lyme disease [see Case
study 1], leishmaniasis and Chagas disease, among others.

Urban vegetation can help reduce probles caused by air pollution

Green spaces and urban biodiversity

Green spaces, such as parks and urban forests, can have
a number of effects on physical and mental health. For
example, trees and other vegetation in urban environments
can help reduce the problems caused by air pollution. In
Europe, air pollution has been calculated to be responsible
for310,000 prematuredeathseveryyearandtrafficemissions
in inner cities contribute significantly to this health burden.
Leaves can mitigate the effects by absorbing pollutants,
such as ozone - a major cause of respiratory disease.

Trees help to avoid the heat island effect and green spaces
provide a more visually pleasing environment, as well
as areas for exercise and leisure activities. Availability
of green spaces within cities is therefore linked to
mental wellbeing and physical fitness of the population,
although the health benefits are difficult to quantify. The
benefits of urban biodiversity must be balanced against
the social and economic costs involved in maintaining
urban forests [see Case study 2, Figure 1] and green
spaces, along with any negative health consequences,
such pollen allergies, bites and increased abundance of
disease-carrying pests. In general, the multiple positive
effects are considered to outweigh negative effects.

Some experts argue that because people are inseparable
from their living environments, human wellbeing is closely
tied to changes in the environment. Small-scale studies
have found that contact with nature provides direct
health benefits for conditions including
attention hyperactivity disorder and
depression (Faculty of Public Health,
2010). For example, a Swedish study
found that a lack of access to green
areas in urban environments was
linked to stress-related symptoms and
annoyance caused by environmental
noise (Gidlofgunnarsson & Ohrstrom,
2007). More evidence is needed to
determine the exact nature of the
interaction between biodiversity and
mental health, but even if the effects
are small, activities such as walking
or playing in green spaces may be
attractive care options because of the
low safety risks and economic costs,
as compared to medical treatments.

Science for Environment Policy | Future Briefs | Biodiversity and Health October 2011 4



Case Study 2: Ljubljana Green System

Figure 1 shows public green areas and parks
(dots) and forests (grey and black) in the city of
Ljubljana, Slovenia. Over three quarters of urban
areas within the city are less than 1 km from a
forest. The Ljubljana Green System combines
nature preservation with benefits for the urban
population, providing daily access to a green
environment that is rare in cities.

Although the links between urban green areas
and human health are not fully understood,
a recent study (Hladnik and Pirnat, 2011)
emphasised the importance of ‘place attachment’
- related to the feelings that people attach to
green areas - in human emotional wellbeing and
social cohesion. Cultural identity is also deeply
rooted in the biological environment.

Uncertainties and complexities

There are many uncertainties and complexities in the links
between biodiversity and health. As indicated, many of the
mechanisms through which human health interacts with
biodiversity are difficult to appreciate and their effects to
measure. Taking the example of planting trees in cities, many
potential benefits exist — some local and relatively immediate,
such as pollution mitigation and temperature regulation
within the urban environment, and some less so, such as
contribution to the global mitigation of climate change.
In turn, mitigation of climate change further influences
biodiversity, for instance, by helping to prevent changes in
the distribution of disease hosts. Although it is impossible to
accurately quantify the total health benefitthat the population
experiences from urban vegetation, it can be stated that urban
vegetation brings multiple benefits at comparatively low cost.

Disturbances to ecosystems and biodiversity loss may affect
human health in a number of complex ways. However, in some

Biodiversity and Health
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Figure 1: Public green areas and parks (dots) and forests (grey and black) in
the city of Ljubljana, Slovenia.

cases the negative impacts of increasing biodiversity must not
beignored. Forinstance, if not carefully planned, reforestation
could increase the availability of habitats for disease hosts
or vectors and may increase the incidence of diseases, such
as leishmaniasis and malaria, especially if non-native plant
speciesthatarenatural habitatsforhostspeciesareintroduced.

One further specific example helps illustrate the complexity
of the links between health and biodiversity. In the late 1990s,
outbreaks of Nipah virus in Malaysian pig farms resulted in
transmission of the virus to humans, leading to one outbreak
that killed around 100 people. The root cause of the outbreak
is uncertain, but may have been related to changes in the
feeding habits of local bats, which also carry the virus and had
thatyearbegunfeedingonfruittreesonthefarms.Itisthought
that forest fires the previous year had reduced the availability
of fruit from other trees that the bats would normally feed on.
Although there are many uncertainties surrounding
biodiversity and health, conserving the complex
communities and  ecosystems in  their natural
states may provide the only insurance against
undesirable  consequences for human  wellbeing.
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Policy implications

Improving scientific, political and public understanding of the
connections between biodiversity and health will be key to
ensuring that the consequences of biodiversity disturbances,
and any resultingimpacts on human health, are minimised. The
value of biodiversity is increasingly recognised by international
conventions and, within Europe, under policy frameworks for
its conservation. However, careful management of ecosystems
is required to protect human health in the future.

The following recommendations highlight just some of the
key areas of concern and general principles for policy action:

+  Health arguments should be incorporated
into policy frameworks for action to conserve
biodiversity.

« Managing specific ecosystem services does not
always benefit biodiversity more broadly and may,
in the long-term, have negative consequences for
other ecosystem services and for human health.
This should be reflected in assessments, including
when possible cost-benefit analyses, of decisions
and policies affecting ecosystems.

«  For some ecosystem services relevant to health,
benefits are best expressed in monetary terms in

order to aid decision making processes. However, it
may not be realistic to calculate an economic value
for others.

Singular policy measures designed to preserve
ecosystem benefits to human health will be
limited in their scope - a suite of different policy
instruments may be required to tackle biodiversity
disturbances at their root causes. Coordination
between different mechanisms and at regional,
national and international levels is key.

Climate change requires special attention because
it poses a threat to biodiversity across all types of
ecosystems with unpredictable consequences for
health.

The links between biodiversity and human diseases
are complex and require further investigation.
However, an awareness of the potential risks
associated with development activities, such as
deforestation and afforestation, dam building and
farming, is crucial and should form the basis for
development decisions.

Incorporating green spaces into urban planning
combines opportunities for conserving biodiversity
with health benefits to the population. Further
research would help characterise the nature of the
links that tie human wellbeing to biodiversity within

the urban environment.

OVERVIEW

- Changes to biodiversity affect the availability of food and medicines and the incidence of

many different pests and diseases.

« Human physical, psychological and emotional wellbeing are closely connected to

biodiversity.

« Many links between biodiversity and human health are complex and difficult to characterise.

« Disturbances to biodiversity will have consequences for human health. These will often be

unpredictable and undesirable.

« Diverse and well-coordinated policies are re
negative consequences of biodiversity distu

ired to protect human health from the
ances.

Science for Environment Policy | Future Briefs | Biodiversity and Health October 2011



Biodiversity and Health

REFERENCES

Brussaard, L., et al. (2007). Soil biodiversity for agricultural sustainability. Agriculture,
Ecosystems & Environment. 121(3): 233-244.

Chivian, E. et al.. (2002). Biodiversity: its importance to human health. Harvard
Medical School, Boston. Downloadable from: http://ees2.geo.rpiscrews.us/
abrajanoCourses/public_html/Lecture12.pdf.

Corvalan, C. et al. (2005). Ecosystems and human well-being: Health Synthesis,
World Health Organization, Geneva. Downloadable from: http://www.who.int/
entity/globalchange/ecosystems/ecosys.pdf

Diaz, S., et al. (2005). Biodiversity Regulation of Ecosystem Services. In R. Hassan,
R. Scholes, & N. Ash (Eds.), Ecosystems and human well-being: Current state
and trends: Findings of the Condition and Trends Working Group. (pp. 297-329).
Washington (D. C.): Island Press. Downloadable from: http://www.maweb.org/
documents/document.280.aspx.pdf

EC. Communication COM(2011)244. ‘Our life insurance, our natural capital: an EU
biodiversity strategy to 2020. Brussels, 3 May 2011. Downloadable from http://
ec.europa.eu/environment/nature/biodiversity/comm2006/pdf/2020/1_EN_ACT _
part1_v7%5B1%5D.pdf

EEA. (2010). EU 2010 biodiversity baseline. EEA Technical Report, European
Environment Agency, Luxembourg, 12/2010. Downloadable from: http://www.eea.
europa.eu/publications/eu-2010-biodiversity-baseline

Faculty of Public Health (2010). Great Outdoors: How Our Natural Health Service
Uses Green Space: An action report. Faculty of Public Health, London, 1-18.
Downloadable from http://www.fph.org.uk/uploads/r_great_outdoors.pdf

Ganesan, A. (2008). The impact of natural products upon modern drug discovery.
Current Opinion in Chemical Biology. 12(3): 306-17.

Gidlofgunnarsson, A., and Ohrstrom, E. (2007). Noise and well-being in urban
residential environments: The potential role of perceived availability to nearby
green areas. Landscape and Urban Planning. 83(2-3): 115-126.

Hladnik, D. and Pirnat, J. (2011). Urban forestry—Linking naturalness and amenity:
The case of Ljubljana, Slovenia. Urban Forestry & Urban Greening. 10(2): 105-112

IAP. (2010). Communique of the InterAcademy Panel Biodiversity Conference. The
Interacademy Panel on International Issues, 13-14 January 2010, 1-4. Downloadable
from: http://www.bioclimate.org/images/resources/resources/attachments/3170/
original_iap_communique.pdf?1279458799

Lindgren, E., and Jaenson, T. G. T. (2006). Lyme borreliosis in Europe: influences of
climate and climate change , epidemiology , ecology and adaptation measures.
World Health Organisation, Copenhagen. Downloadable from: http://www.euro.
who.int/__data/assets/pdf_file/0006/96819/E89522.pdf

Ogden, N. H,, and Tsao, J. I. (2009). Biodiversity and Lyme disease: dilution or
amplification? Epidemics. 1(3): 196-206.

Paaijmans, K.P. et al. (2010). Influence of climate on malaria transmission depends
on daily temperature variation. PNAS. 107(34): 15135-15139.

Potts, S., et al. (2006). Plant-pollinator biodiversity and pollination services in a
complex Mediterranean landscape. Biological Conservation. 129(4): 519-529.

Ro, D.-K. et al. (2006). Production of the antimalarial drug precursor artemisinic acid
in engineered yeast. Nature. 440: 940-943.

Schmidt, K. and Ostfeld, R.S. (2001). Biodiversity and the Dilution Effect in Disease
Ecology. Ecology. 82(3): 609-619.

Secretariat of the Convention on Biological Diversity World Trade Centre. (2000).
How the Convention on Biological Diversity promotes nature and well-being.
UNEP/CBD, April 2000. Downloadable from: http://www.cbd.int/doc/publications/
cbd-sustain-en.pdf

Secretariat of the Convention on Biological Diversity (2010) Global Biodiversity
Outlook 3. Montréal, 94 pages. Downloadable from: http://gbo3.cbd.int/

Taori, K. et al.. (2008). Structure and activity of largazole, a potent antiproliferatvie
agent from the Floridian marine cyanobacterium Symploca sp. Journal of the
American Chemical Society. 130: 1806-1807.

UNEP. (1992). Convention on Biological Diversity. VNEP No. 92-8314. United Nations
Environment Programme, Nairobi, Kenya. Downloadable from: http://www.cbd.
int/doc/legal/cbd-en.pdf

Zaghi D. et al.. (2010). Literature study on the impact of biodiversity changes on
human health. Comunita Ambiente Srl, report for the European Commission
(Directorate General Environment), July 2010. Downloadable from: http://www.
comunitambiente.it/public/file/Biodisease_final_report.pdf

The contents and views included in this Future Brief are based on independent research and do not necessarily reflect
the position of the European Commission.

About Science for Environment Policy
Science for Environment Policy is a
Directorate-General ~ Environment,  which

free  news
provides  the

Future Briefs are a new feature to the service,
policy issues on the horizon

and

introduced
In addition to Future Briefs, the service also publishes a weekly News Alert and monthly

information  service
latest  environmental

from the European Commission’s
policy-relevant  research  findings.

in 2011, which provide expert forecasts of environmental

Thematic Issues, which are delivered by email to subscribers and provide accessible summaries of key scientific studies.

For more information or to

subscribe to the

News  Alert and  Thematic Issues, please  email:

sfep@uwe.ac.uk or visit: http://ec.europa.eu/environment/integration/research/newsalert/index_en.htm

This Future Brief is edited by the Science Communication Unit, the University of the West of England (UWE), Bristol. Email: sfep.editorial@uwe.ac.uk

Image credits: Page 1: This work is licensed under the Creative Commons Attribution 2.0 Generic License. To view a copy of this license, visit http://
creativecommons.org/licenses/by/2.0/ or send a letter to Creative Commons, 444 Castro Street, Suite 900, Mountain View, California, 94041, USA. Page 2,
© Craft*ology; Page 4: © Science Communication Unit, UWE. Page 5. Fig. 1 Reprinted from Hladnik, D. and Pirnat, J. Urban forestry—Linking naturalness
and amenity: The case of Ljubljana, Slovenia. Urban Forestry & Urban Greening. 10(2): 105-112., Copyright (2011), with permission from Elsevier .




