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Introduction
The Monash Sustainability Institute is a multi-disciplinary, cross-faculty institute
that delivers solutions to key climate change and sustainability challenges
through research, education and action. As part of its Climate, Biodiversity and
Health Program (funded through VicHealth and DSE, the Victorian Department of
Sustainability and the Environment) it is working in partnership with DSE and the
University of Melbourne to synthesise and disseminate information on the links
between biodiversity and human health in an Australian context and the
implications of biodiversity loss.

Biodiversity, climate change, health
This purpose of this submission is to highlight the threat of climate change to
biodiversity in Australia and the value of biodiversity to human health and wellbeing. The specific terms of reference this submission seeks to address are
(1) how climate change impacts on biodiversity may flow on to affect human
communities and the economy
and
(2) mechanisms to enhance community engagement.
Why is Australian biodiversity so important?
Biodiversity refers to the number, variety and variability of living organisms,
encompassing genetic, species, and ecosystem diversity. Ecosystems comprise
communities of plants, animals and microorganisms in an area and their interactions
with one another and the physical environment.
Australia has about ten percent of the world’s biodiversity, with a unique evolutionary
history. More than 80 per cent of the country’s flowering plants, mammals, reptiles
and frogs are unique to Australia, along with most of its freshwater fish and almost
half of its birds.1
Biodiversity represents our biological wealth. It provides a wide variety of life
supporting ecosystem services upon which we depend for our health, economy and
survival. We have long been relying on the resilience of natural systems but we have
now severely depleted our natural capital, leaving us with a much more uncertain
future.
Biodiversity is an insurance policy for ecosystems, providing stability and resilience
with the ability to adapt in the face of changing environmental conditions.
Climate change along with other environmental changes secondary to human activity
(pollution, alien species, overexploitation, habitat destruction, urbanisation) is
accelerating the rate and magnitude of biodiversity decline.
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Biodiversity is the foundation for human health
Humans depend directly and indirectly on living systems for health and well-being. 2,3
Biodiversity underpins ecosystem services to humans including:
• Provision of food, water, timber, fibre, fuel
• Photosynthesis
• Composition of atmosphere
• Food production : soil formation and fertility, waste decomposition, nutrient
cycling, seed dispersal, pest control, pollination
• Medicinal and genetic resources
• Climate regulation
• Carbon sequestration
• Erosion prevention
• Natural hazard protection
• Water purification & cycling
• Pest invasion resistance
• Disease regulation
• Quality of life: cultural, spiritual, recreation, relaxation, improved
psychological well-being

The Millennium Ecosystem Assessment report on Ecosystems and Human Wellbeing classifies ecosystems services as provisioning, regulating, supporting, cultural
as depicted in the figure below.2
.

These services are irreplaceable and their economic value immense. In 1997
Constanza et al attempted to estimate the value of the world’s ecosystem services,
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and estimated that the value would be on average US$33 trillion a year (about 1.8
times the global GNP).4
How is climate change affecting biodiversity?
Climate change is resulting in increasing mean temperatures and changes in the
frequency and severity of extreme events, changes in patterns of precipitation,
increasing ocean warming and acidification. There is already evidence that may of
Australia’s plants, animals and micro-organisms are being affected by climate
change. Examples include changes of geographic ranges, reduced reproduction and
changes in life cycles in some species. Many species are threatened with extinction
to the point where they can no longer play an effective role in the functioning of
ecosystems. There is a loss of resilience of populations, changes in distribution of
species, and fragmentation of ecosystems leading to a reduced ability to provide
ecosystem services.5
Exceeding our planetary boundaries
Rockstrom and colleagues have proposed a framework to define a “safe operating
space for humanity” within the Earth’s natural systems. This is based on planetary
boundaries, beyond which there are serious and potentially disastrous consequence
for humans. The nine boundaries are climate change, rate of biodiversity loss,
interference with nitrogen and phosphorus cycles, stratospheric ozone depletion,
ocean acidification, global freshwater use, change in land use, chemical pollution and
atmospheric aerosol loading. Their analysis suggests that three of these boundaries
have already been crossed – nitrogen cycle, climate change and rate of biodiversity
loss.6

Human health implications of climate change impacts on biodiversity
The human health implications of climate change impacts on biodiversity are not
completely known but are likely to be extensive and the impacts profound. This can
be illustrated by a number of examples in the areas of disaster risk, mental health,
food and water security, increased disease risk and loss of important biomedical
resources.
Disaster risk
The loss of ecosystem services can increase vulnerability to the impacts of disasters.
Increased frequency and severity of natural disasters such as floods, fires, storms,
and drought predicted under climate change scenarios are likely to further damage
fragile ecosystems and reduce protection and livelihoods for human communities.
We need look no further than the Black Saturday fires in Victoria to see an example
of that devastation wrought on human communities and the natural environment by
extreme weather. Preserving ecosystems such as wetlands and mangroves can help
mitigate against predicted impacts such as storms and tidal surges, and intact forests
reduce erosion and risk of flooding and landslides.7
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Mental health
There is a large body of literature on health benefits of contact with natural
environments. These physical and psychological benefits include facilitation of
exercise for cardiovascular health, improvement in concentration, benefits for
children’s cognitive development and reduction in anxiety and depression. 8,9,10
The popularity of gardening, bird watching, visiting zoos and aquariums, snorkeling,
diving, bushwalking, nature retreats, swimming with dolphins, whale watching, and so
on, testifies to the value of natural species to human wellbeing. In fact the increasing
isolation of children from the natural world has been coined “nature-deficit disorder”
and sparked community movements to reconnect people with nature at an early
age.11

Food and water security
The Co-operation on Health and Biodiversity Initiative (COHAB) notes “climate
change presents particular threats to food production systems and to animal and
plant health, through impacts on weather patterns, soil quality, pollinators, the
availability of clean water, and the distribution of pest species and infectious
diseases”.7
Native vegetation is threatened by the increasing fire and drought risks associated
with climate change. Natural vegetation regulates the hydrological cycle and is very
important for fresh water quality and quantity. As water flows over the land, trees hold
the soil, retain nutrients, prevent erosion and allow water to seep more slowly into the
earth and the release back into the atmosphere is controlled through transpiration.
Forests can affect local microclimate and can sometimes increase local water supply
even in the absence of rain by “cloud-stripping”.
Water filtration and purification is especially important for the prevention of
waterborne disease in humans. Estimates of the financial worth of such services of
the Catskills mountain forest catchment for New York City, for example, have been
valued at around US $8 billion. 12The 157,000 hectares of forest that protect
Melbourne’s water supply have been called “ a priceless legacy”, ensuring some of
the best drinking water in the world. In the absence of such systems, extensive and
expensive artificial treatment facilities would be required.13
Loss of biodiversity around waterways leads to loading of waterways with pathogens
and nutrients. This may lead to contaminated drinking water, or blooms of harmful
blue-green algae which produce a range of toxins, making water unfit for human or
stock use.
Biodiversity supports food security and dietary health. Food production relies on
genetic diversity, crop pollination, pest control, soil formation, fertility, and nutrient
recycling. Diets based on a diversity of food species promote good health. In the
space of a week at least 20 to 30 biologically distinct types of food are needed for
good human nutrition. While about half of childhood deaths in the developing world
are due to under nutrition, in countries such as Australia, poor nutrition is linked to
chronic disease with increases in hypertension, serum cholesterol, obesity and some
cancers. 2,3,7,14
Many crops are dependent on specific natural pollinators for fertilisation yet bee
populations in many countries have been decimated. In Australia, natural vegetation
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is important for both commercial and native bees, providing essential nectar and
pollen.
The impact of climate change on oceans – both acidification and warming- in
association with other stressors is causing severe impacts on marine ecosystems
and will have significant impacts on fisheries, a major source of protein and other
nutrients for the human diet. An estimated 500 million people globally depend for
their daily existence on coral reefs – marine species provide 17% of animal protein
consumed by humans. Yet the predictions are that CO2 concentrations of 450ppm
will largely eliminate carbonate coral reefs.3,15
Increased disease risk
Biodiversity plays a role in the regulation of infectious disease, and ecosystem
disturbance has significant implications for human disease emergence and reemergence. Loss of species diversity can lead to a population expansion of
competitive species and switching of pathogens from one host to another. The
majority of emerging infectious diseases in humans are or were zoonotic ie
transmitted between animals and humans. 2,3,7,16,17
Biodiversity helps protect the balance among predators and prey and among vectors
and parasites. For example, disappearance of vertebrate predators may alter the
abundance of rodent reservoirs leading to an increase in human disease. Mosquitoes
are very sensitive to ecosystem change, which can alter their survival, density,
behaviour and distribution. In Australia warmer temperatures, changes to
precipitation, tides and salinity can affect mosquito ecology, leading to potential
changes in mosquito–borne diseases such as Ross River Virus and Dengue fever.18
Climate change-induced changes to geographical ranges and habitat destruction of
bats brings them closer to human settlement. Flying foxes are natural reservoirs for a
number of viruses that can affect humans, including Nipah and Hendra viruses.
Recent outbreaks of Hendra virus infection (which can be fatal for humans) in horses
and for the first time a dog has recently been observed in Queensland and Northern
NSW. The recent Queensland floods have been postulated as a factor in this
outbreak due to the need to migrate for food and that fact that stressed populations
may be more likely to excrete the virus.19

Loss of important biomedical resources
Our biodiversity is an important source of unique medicinal compounds to treat
current and future diseases as well as biomedical models for research.
More than half of commercially available drugs are based on bioactive compounds
extracted or patterned from non-human species. Many plants have evolved chemical
defences to protect themselves from being eaten. Social insects such as ants, bees,
wasps and termites have evolved to control disease in dense populations and there
is much we can learn from them. 3,7,16,17
For example, research is currently being undertaken on the platypus, a monotreme
which has developed unique mechanisms to combat disease. Platypus venom
antimicrobials have been found to be potent against a number of human pathogens.
The wallaby has immature young with no mature adaptive immune system.
Antimicrobials from wallaby milk are being explored for uses against multi-drug
resistant bacterial infection in humans.
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Australia’s reefs and marine environment are rich source of biomedical compounds,
to be found in creatures such as the cone snail. There are about 700 species of
Conus, each with 100 or more unique peptide molecules in its venom. The first drug
from Conus venoms, was approved in 2004 for treating chronic, intractable pain,
such as that suffered by people with cancer, AIDS, or certain neurological disorders.
It is 1,000 times more powerful than morphine, but is not believed to be addictive. Yet
only 0.2% of these peptides have yet been characterised.3,20
Biomedical research relies on plants, animal, microbes to understand human
physiology and understand and treat human disease. For example a particular gene
found in the placenta of one species of Australian lizard is also found in
precancerous human cells, so this discovery may be important for cancer treatment
in humans.Climate change risks us losing the genetic “books” in our “library” often
before we have even read and benefited from them.
Health as a means to improving community engagement.
It appears that the health, social and economic values of ecosystem services are
relatively poorly understood in the community. Increasing awareness about the
value of biodiversity to health can be one way of increasing the everyday relevance
of biodiversity.
The Victorian Department of Sustainability and Environment’s Draft Biodiversity
Strategy notes “There is limited data available on the current level of awareness and
understanding of biodiversity by Victorians and what the community wants as an
outcome for biodiversity.” It is noteworthy that a 2009 survey of Victorians reported
that the most important environmental issue requiring government attention was lack
of water (43%) but few respondents mentioned the protection of parks and forests
(2%) or the loss of species (<1%) as of a high priority. This is despite the fact that
Melbourne’s water is in part dependent on biodiverse forested catchments. 21
Engaging children with nature from an early age is another important way to increase
the appreciation of biodiversity. Linking health and biodiversity in policy and research
would help to promote greater interdisciplinary focus on the importance of
biodiversity. Engaging the community in the understanding the health impacts of
climate change can be an effective engagement strategy, presenting a positive vision
of “win-win” benefits of mitigation strategies for both health and the environment, and
protecting biodiversity can be part of this approach.
Recommendations:
1. Act urgently to mitigate against climate change
2. Reduce other stressors on biodiversity and act to protect and restore existing
ecosystems
3. Improve understanding of how the community can be engaged in
understanding impacts from climate change and biodiversity loss
4. Increase awareness amongst the public and policymakers about the
importance of biodiversity to human health
5. Facilitate cross-disciplinary research in areas involving climate change,
biodiversity loss and human health
6. Provide opportunities for early and active engagement of children with the
natural world to develop a life-long appreciation of biodiversity.
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