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What is UNEP?
The mission of the United Nations
Environment Programme (UNEP) is
“to provide leadership and encourage
partnerships in caring for the
environment by inspiring, informing
and enabling nations and people to
improve their quality of life without
compromising that of future
generations.”

In 1950, the world population was 2.5 billion. By 2001, it had swelled to
6.15 billion and, of course, is still growing. Our sheer numbers, along with
technology applications, have given humankind more than ever before the
capacity to disrupt the often delicate balance among the various elements
that make up our planet’s ecosystems. But we are also gradually
improving our understanding of that balance and how it can be harnessed
to promote human health and other aspects of sustainable livelihoods.

UNEP was established in 1972, after
the Stockholm Conference on the
Human Environment, as the
environmental conscience of the
United Nations system.

Canada’s International Development Research Centre (IDRC) and the
United Nations Environment Programme (UNEP) have been working
together for some years to improve human health through better
stewardship of the earth’s ecosystems and natural resources. In late 1999,
the two agencies co-hosted a consultation on the subject in Hull, Canada,
under the umbrella of the Canadian Conference on International Health.
The consultation brought together more than 75 participants from
academic institutions, non-governmental organisations, international
centres and national governments. They examined health in three types of
ecosystems: agricultural, urban and coastal.

For more information, contact:
UNEP
P.O. Box 30552
Nairobi, Kenya
Telephone: (254 2) 623246
Fax: (254 2) 623861
E-mail: cpiinfo@unep.org
Web site: www.unep.org

The following summary report focusses specifically on agroecosystems,
the type of environment that received the most attention during the
consultation and which is of special interest to LEISA readers. Since the
meeting, the “ecohealth” projects supported by IDRC and UNEP have
progressed and new insights have been gained. The overview paper, by
Don Peden, has been updated to include some of these developments. It is
based on an October 2000 presentation to a meeting of the Consultative
Group on International Agricultural Research (CGIAR), in Washington.
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Linking Natural Resources,
Agriculture and Human Health:
Case Studies from East Africa

Gulley-forming erosion in Africa. Soil degradation, a
threat to food production and rural nutrition, is a
growing problem in many parts of the world. Half the
arable land of the Ethiopian Highlands, for example, is
thought to be moderately to severely eroded. A
research project there analyses tradeoffs between
higher farmer income, food self-sufficiency and soil
conservation. See page 17. IDRC photo: Neill McKee.
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What is IDRC?

The keynote address was delivered by David Suzuki, well-known Canadian geneticist,
environmentalist, writer and broadcaster. His words are a blunt, but meticulously illustrated
warning that human beings are on a collision course with the life-support systems of our planet.
A major part of the problem, he argues, is the conventional economic thinking that continues to
promote indefinite growth and the “mono-culture of the global economy”. He also stresses that
paying attention to spiritual and social needs, especially love and a strong sense of community,
will be as important to humanity in the new millennium as fulfilling biological needs and
solving environmental problems.
This report also summarises other consultation papers on key topics: the origin of, and
rationale for, an ecosystem approach to health; the benefits of livestock production to human
health and ecosystem management; participatory methods and community capacity building;
and the threat of mycotoxins in food. All but the first of these draw on specific case study
materials. Complementing those examples are brief descriptions, beginning on page 25, of
eight research projects from around the world.
IDRC and UNEP hope this special supplement will stimulate new thinking and research on
how ecosystem approaches can benefit human health in both the South and the North in the
coming decades. Both organisations thank ILEIA for its collaboration, as well as the many
scientists and other professionals who contributed to this publication and to the innovative
research it describes.

Klaus Töpfer

Maureen O’Neil

Executive Director, UNEP

President, IDRC

The International Development
Research Centre (IDRC) works with
researchers to help find practical
long-term solutions to social,
economic and environmental
problems in developing countries. In
particular, support is directed toward
developing the indigenous research
capacity necessary to sustain policies
and technologies that can build
healthier, more equitable and more
prosperous societies.
IDRC was established in 1970 by an
Act of the Parliament of Canada.
For more information, contact:
IDRC Ecohealth Program Initiative
Telephone: (1-613) 236-6163
Fax: (1-613) 567-7748
E-mail: ecohealth@idrc.ca
Web site: www.idrc.ca

A rural school in the Philippines. Climate change and inadequate child nutrition are seen as factors undermining positive advances in global
health care over the years. Photo: Gerry Toomey.

Managing Agroecosystems
for Better Human Health
Don Peden
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Health promotion versus risk reduction
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We human beings are intimately bound, even biologically, to our
food-producing environment, to the natural resources that
surround us. So we should not pretend, as we have often done in
the past, to be dispassionate observers of agroecosystems, as if
they were so many goldfish bowls. Like soil and water, plants
and animals, bacteria and fungi, we, along with the infrastructure
we have built around ourselves, are integral and dynamic
components of these complex systems.
This paper sets out the rationale for a more holistic approach to
two normally separate domains of research – human health and
agriculture. The latter is meant to include the natural resource
management (NRM) practices of farmers, fishers, foresters and
other land users in rural areas. We also present evidence for a
simple but far-reaching hypothesis: Good agroecosystem
management has the potential not only to reduce health risks but
also to intentionally, actively and cost-effectively promote human
well-being.
The paper draws on the experience and results of several research
projects supported by Canada’s International Development
Research Centre (IDRC). These projects, some of which feed into
larger initiatives funded by other donors, are carried out by various
centres of the Consultative Group on International Agricultural
Research (CGIAR) as well as some non-CGIAR groups.

Past agricultural research has, of course, sometimes included
human health components. Studies of the nutritional content of
food, pathogens in farm products, and the harmful effects of
pesticide overuse are a few examples. Similarly, health research,
especially in toxicology, occupational health and epidemiology,
has sometimes been agriculture-specific. However, these
investigations have scratched only the surface of healthagroecosystem interactions and have not yet fully bridged the
continuum represented by them.
Many other connections – biophysical, but also social, economic
and policy-related – need to be examined and better understood.
Without such knowledge, scientists and development promoters,
mandated to alleviate poverty through information and
technology, risk doing harm as well as good. What is the value
of, say, helping boost crop production for improved food security
if the end result is to undermine other aspects of the health of the
very people who were supposed to benefit?
Agroecosystems and their interactions with human health are
intricate and rarely amenable to simple linear analysis. In fact,
they are sometimes said to be unpredictable, which suggests that
the idea of “agroecosystem management” may be an oxymoron.
Nevertheless, the interests of our partners in developing
countries demand that new research attempt to create synergy
between agricultural practice and health practice, rather than
merely studying the two in isolation or preventing them from
getting in each other’s way.

Agroecosystems defined
Among the world’s varied ecosystems, agricultural ecosystems
occupy a dominant position. They cover 30% of the world’s land
mass, and farmers, the primary stewards of agroecosystems,
manage more area than any other group of people.
An agroecosystem can be defined as a geographically and
functionally coherent domain of agricultural activity, including all
living and non-living components and the interactions among them.
Determining its precise physical boundaries is rather arbitrary and
depends on the purpose of the analysis. The system may be a single
farm, a rural community or microwatershed composed of many
farms, or a major watershed. Or it may be an entire region broadly
defined by climate, vegetation and other ecological traits – as in the
case of tropical forest margins or savannas.
Because agroecosystems are strongly affected by external forces,
they are not closed systems. People migrate into and out of
agroecosystems. Purchased inputs like seed and fertiliser are
brought in from other areas. Trade means that food enters and
leaves the system. Soil erodes off hillsides, washing downstream
into neighbouring ecosystems, sometimes disrupting water
supplies and navigation. Human and plant pathogens, in some
cases vectored by insects, may invade from outside regions
causing sporadic epidemics of disease and then fade. Or they
may be seasonal, in step with temperature and water cycles.

Parallel paths to holism
The ecosystem approach to human health is deeply rooted in the
events and debates of the last century that eventually led to the
notion of sustainable development. The compartmentalisation of
agricultural sciences into specialties focussing on narrowly
defined production problems made the Green Revolution
possible. Exploitation of the world’s biological and energy
resources, in the form of germplasm, soil organic matter and
chemical fertilisers, triggered a global production boom and
averted widespread famine. The overall benefits, however, were
unevenly shared by the world’s regions. And then, of course, the
unforeseen but negative consequences – such as soil degradation,
loss of biodiversity, pesticide abuse and pest resistance – began
to take their toll.

The evolution of human health research and practice followed a
similar pattern. Advances in sanitation, health education,
nutrition, immunisation and drug therapy drastically reduced the
incidence of infectious diseases during the 20th century in
industrialised countries, and to a lesser extent in developing
countries. The eradication of smallpox is among the most widely
recognised of these achievements. Much progress depended on
specialised applications of medical science, often centred on
diagnosis and prescription in a clinical setting. That approach,
based on a rather restricted set of specialist disciplines, tended to
isolate people from the physical environment of their daily lives.
Despite the notable progress, the benefits have not been shared
equally among countries and social groupings. And, globally
speaking, infectious and communicable diseases are still the

As with the problem of pesticide abuse and pest resistance in
farming, the health sector faces the challenge of the growing
resistance of disease vectors and pathogenic organisms to
pesticides and antibiotic drugs. Climate change and inadequate
child nutrition are other factors now seen as undermining
positive advances made in global health care over the years.
Increasingly, the limitations of clinical medicine have been
balanced with preventative public health care concepts. There
has been a shift to a broader view of human health – one that
goes beyond the biology and chemistry of people and
medication, to take account of the human living conditions and
ecosystems that influence health. This trend parallels the
development of IPM in agriculture. It is being pushed by the fact
that most developing countries cannot afford expensive health
technologies, especially drugs, and are therefore looking for
cost-effective alternatives to promote public health. Here,
ecosystem management has much to offer.

Developing countries cannot afford
expensive health technologies,
especially drugs, and are therefore looking
for cost-effective alternatives to promote
public health. Here, ecosystem management
has much to offer.
Holistic thinking has emerged in both the agricultural and health
sciences. Each area now recognises that the sustainability of
research benefits depends on understanding the complex
interactions between the behaviour of people and the ecosystems
in which they live. Each also recognises that human health is
conditioned by poverty, which in turn is accentuated by stresses
on those ecosystems.
These messages were brought home in Agenda 21, the action
plan of the 1992 Rio “Earth Summit”. Agenda 21 subsequently
became a focal point for IDRC thinking and support to research
in developing countries. In fact, the Centre’s Ecosystem
Approaches to Human Health (Ecohealth) Program Initiative,
under which the projects reported here are funded, took
important cues from that action plan.
Here it is important to distinguish between the more traditional
environmental health approach to research and the ecosystem (or
“ecohealth”) approach. At its most basic level, the former has to
do with identifying interactions between a specific human health
indicator, such as the incidence of cancer, and a contaminant in
the environment, such as dioxin. An ecohealth perspective, in
contrast, is transdisciplinary and takes account of system
complexity and multiple determinants of health.

Health in international agricultural research
Agricultural professionals, whether scientists or farmers, today
devote much attention to promoting the health of livestock, crops
and agroecosystems. Arguably, these people are in a health care
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These trends led scientists and non-scientists alike to rethink
approaches to agricultural development. Farmers, researchers,
governments and development workers now face the double task
of continually boosting food production to meet growing
demand, while mitigating or reversing the damage done to the
natural resource base. Recognition of the immense challenge
ahead has led, over the past two decades, to more holistic
thinking about the interconnections between production and
natural resource use and conservation. The rise of integrated pest
management (IPM) is a good example.

most common cause of death. In sub-Saharan Africa they
account for 70% of the burden of illness.
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profession, but one in which non-human species are the direct
beneficiaries. This more recent model of “the agriculturalist as
doctor” contrasts with the often prevailing view that agriculture’s
mission is simply to produce more and better food and to make
sure it is readily available in times of need.
With the growing interest in IPM following the Green
Revolution, agricultural “medicine” has shifted even further,
from an emphasis on curative use of chemicals to the adoption of
multiple preventative interventions – a situation not unlike what
is happening in public health. Yet within the context of
mainstream agricultural research, human health continues to
simmer away on a back burner. For the most part, efforts are
directed toward mitigating the negative impact of intensified
agriculture on people while advancing plant and animal
husbandry to maintain production. Little effort has gone into the
design of methods for explicitly harnessing the power of
agroecosystem management to actually promote human health.
As primary stewards of the agroecosystems that sustain most
human life, agricultural professionals nevertheless have the
opportunity and responsibility to do so.
Human health, however, has emerged as a development objective
in several international agricultural research centres and partner
institutions. The short case studies near the end of this consultation
report describe projects in which IDRC has had some involvement. The research spans a range of countries, regions, agroecosystems, health problems, time and space scales, disciplines and
methodologies. The R&D partnerships formed under these
projects bring together various mixes of international and national
research institutions, NGOs, universities, government health
agencies, women’s and community organisations, and most
important, local farmers and other rural people.
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While each of the research activities can stand alone as a unique
and important contribution to R&D for the developing nations,
when viewed together they yield a bigger and more intricate
mosaic of the interactions between health and ecosystem
management. The following sections outline factors common to
some or all of the projects, as well as some differences.
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Health as a local priority
Evidence from many projects shows that the rural poor demand
quick payoffs from research. The value they place on meeting
immediate needs, especially good health, often outweighs the
value assigned to the promise of future benefits from better
NRM and agricultural development. But short-term goals are not
necessarily at odds with those pursued over a longer time frame.
Indeed, they may reinforce each other, intentionally or not.
The U.K.’s Department for International Development (DFID)
says that a human livelihood is sustainable “when it can cope
with and recover from stresses and shocks and maintain or
enhance its capabilities and assets both now and in the future,
while not undermining the natural resource base.” Such
resilience and attention to the future health of the natural
environment are only possible if the people engaged in those
livelihoods are already in good health. And once better NRM
practices begin to enhance livelihoods, it is much easier for those
people to maintain their good health and their livelihoods.
The case study of mercury exposure in the eastern Amazon, as
well as the project on health, biodiversity and NRM use in the
western Amazon’s forest margins, demonstrate the catalytic effect
of tying longer-term agricultural objectives to health improvement.
In both cases, increased understanding of the health implications
of local NRM helped sustain local interest in the research.

The concept of the “pyramid of health” demonstrates the importance of preventative public health care and natural resource management (NRM). For many health problems, only a small proportion
of the population suffers clinical symptoms, including life-threatening conditions, that require curative care.

Transdisciplinarity
To varying degrees, the researchers have gone beyond the
traditional boundaries of their disciplines to embrace a new,
more holistic paradigm centred on the complex ecosystem within
which human health thrives or atrophies. They have attempted to
balance integrative thinking with the continued need for
reductionist inquiry.
For example, efforts in Thailand to find sustainable soil
management systems and to understand the health status of rural
children in shifting-cultivation communities relied on traditional
soil science and medical methodologies. The soil study results
suggested that fallowing for as little as five years, a current
practice among some hill tribe farmers, is sufficient for
sustainable rice-based cropping. However, from a human health
perspective, this production system may not be fully sustainable.
As the researchers note, diets with little food-type variety may
not provide the nutrients required for children to grow, develop
and realise their full potential in life. To obtain adequate
nutrition, people may need secure access to an area of land larger
than that suggested by a narrow analysis of upland rice
production systems alone. Bringing soil sciences and land tenure
issues together with child health research requires a new
integrative understanding of the agroecosystem. This is
something that no single discipline can achieve on its own.
In Ethiopia, national and international researchers integrated
information on market economics, nutrition and NRM. This
allowed them to create a transdisciplinary model that quantifies
the tradeoffs among soil conservation, food security and incomegenerating land management strategies. In the lower Amazon,
Brazilian researchers integrated knowledge on fisheries, aquatic
ecology, toxicology, slash-and-burn agriculture, and human
health and nutrition to develop a more holistic understanding of
the complex interplay of ecosystem management and human
health. This learning process is going on in many settings around
the world. As researchers gain insights into the dynamics of
human health within an agroecosystem context, they are
revealing new ways by which better NRM can be explicitly used
to deliver improved health to the rural poor.
Participatory methods
An agroecosystem approach to NRM and human health quickly
recognises that local people are simultaneously both the subject

of study and key decision makers and actors who must eventually
buy into any recommended interventions. All of the on-going
projects considered in this review sought greater participation of
local people in various stages of the work: setting research
priorities, executing field research, choosing appropriate local
interventions, and negotiating shared responsibility for NRM
with various levels of government.
Gender and social groupings
All the research activities recognised that women, men and
children, as well as socially distinct sub-classes, occupy different
life spaces or ecological niches within their respective
agroecosystems. In many cultures, women are responsible for
family health care, but men have decision-making power when it
comes to the use of land and other natural resources. Research in
Sri Lanka demonstrates that men, who manage irrigation, often
overlook women’s needs for reliable and safe supplies of domestic
water. Yet when women function as heads of households, their
actions are more likely to reflect the need to maintain family health.
The project in Ecuador demonstrated that while men are often
more exposed to toxic chemicals during spraying of potatoes,
women are at high risk from washing farm labourers’
contaminated clothing. And in South Africa, where women make
up the majority of the rural poor, research suggests they are more
at risk from diets highly contaminated by mycotoxins.

All the research activities recognised that
women, men and children, as well as
socially distinct sub-classes, occupy
different life spaces or ecological niches
within their respective agroecosystems.
Power struggles over land and other resources often aggravate
disparities among social or ethnic groups. In Southeast Asia,
marginalised hill tribes have lost access to traditional land and,
with shorter fallow periods, consume less substantive and less
diverse diets. Heavy reliance on rice may end up undermining
the sustainability of community livelihoods.

Ecosystem uniqueness
The research projects demonstrated the uniqueness of each study
area or ecosystem. Conclusions about one system may not be

A clear example arises from the three studies that consider
irrigated rice production and malaria. In the West African Sahel,
evidence suggests that under certain conditions, the introduction
of irrigation may reduce malaria transmission. But in Kenya and
Sri Lanka, researchers believe the reverse is true. In the Peruvian
Amazon, the high Andes of Ecuador, the irrigated rice systems of
West Africa, and the tsetse-prone areas of eastern Uganda,
researchers emphasise the importance of understanding spatial
and seasonal variations as ecosystem-based determinants of
human health.
Tradeoff analysis
When the aims of ecosystem management are incompatible or
not fully complementary, tough choices must be made. If the
local development agenda includes better human health, higher
agricultural production and cash income, and sustaining the
ecosystem’s capacity to deliver ecological services, then decision
makers, including farmers, must be able to evaluate the tradeoffs.
Fortunately, there are modeling tools for this. In the highlands of
Ethiopia, research indicates that, with currently available
knowledge, inputs and technology, the land cannot provide
sufficient calories to maintain people while simultaneously
safeguarding and replenishing soil fertility. A viable strategy may
be to produce high-valued agricultural products for the market
and use the earned cash to buy inputs such as fertiliser, as well as
nutritionally adequate food. The investigators question the
tradition of depending on manure for fuel. While alternatives are
not readily available, this practice prevents nutrient recycling,
leading to further soil degradation, food insecurity, malnutrition
and declining human health.
In Ecuador, researchers question the value of using pesticides on
potato crops grown by poor farmers. Their work substantiates
studies on irrigated rice systems which suggest that, under some
conditions, the value of the production lost by not using
pesticides is outweighed by the health costs that are avoided.
Often, the costs and benefits of increased production or changes
in health and the environment are not equally shared by different
segments of the community. One ethnic or economic group, for
example, may have advantages over another. Similarly,
consumers outside the agroecosystem, such as city dwellers, are
spared the production-related health costs that rural producers
must bear in the course of their work. The need thus arises for
policy interventions to balance the tradeoff between health and
food production and to ensure that the well-being of poor
farmers and farm labourers is not jeopardised.
Impact of health on farm productivity
Most of the research described here focuses on how
agroecosystem management affects health. A new study on
HIV/AIDS in Africa, however, highlights the devastating effects
of ill health on rural people’s livelihoods, particularly labourintensive farming and natural resource use. Sick people cannot
work nearly as well as healthy people. And even healthy people
must spend time caring for the sick, dying and orphans, and
organising and attending funerals. The financial toll exacted by
health care and burials puts enormous stress on families. The loss
of educated or otherwise knowledgeable people also undermines
the transfer of know-how, further reducing productivity.
Apart from HIV/AIDS, other aspects of poor health undermine
agricultural productivity. Malnutrition, the subject of several of
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Sub-clinical and non-specific symptoms of poor health
Exposure to mercury in the Amazon, to the insecticide
carbofuran in the Andean highlands, and to mycotoxins in Africa
reveals the potential impact of health risks that cause previously
unrecognised and often non-specific symptoms of declining
health (see Pyramid of Health illustration). In all three cases,
there is growing evidence that the rural poor in particular suffer
from nervous system degeneration and from other conditions
such as cancer, birth defects and immunosuppression. Apart
from these studies, the scientific literature shows that
schistosomiasis and malnutrition also contribute to immune
system suppression. Immunosuppression caused by
agroecosystem-based factors may well be a significant factor in
the high morbidity and mortality rates associated with infectious
diseases in sub-Saharan Africa, South Asia and tropical America.

applicable elsewhere, even where two ecosystems have a
superficial resemblance.
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the IDRC-supported studies, reduces vigour and the human
capacity to learn, thereby thwarting a community’s ability to
transform natural resources into food and other products. Studies
of potato cultivation in Ecuador indicate that long-term exposure
to pesticides actually decreases farmers’ individual productivity.
Ecosystem management for human health
To remain healthy, people need a varied diet. For many of the
rural poor in developing countries, the sole source of such
variety is the natural resources that surround them. While
reductionist science may produce specific high-quality products
such as crops with enhanced micronutrient content, research
rarely considers the total range of food products seasonally
available within an agroecosystem and needed for good
nutrition. And rarely is the menu of food sources matched with
gender- and age-specific requirements. Similarly, relatively
reductionist environmental health research has tended to focus
on one-to-one links between a particular health hazard and a
limited set of health indicators. To varying degrees, all the
projects discussed here have attempted to move beyond these
traditional approaches to health research.
Targeting human health improvement through NRM interventions
is a clear trend emerging in the CGIAR centres and like-minded
research organisations. Agroforestry, for example, is now seen as
one means to improve dietary diversity, cutting over-reliance on
staple carbohydrates like upland rice. In the Brazilian Amazon, it
may also help reverse mercury contamination of aquatic food
chains over the long term by controlling soil erosion.
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Researchers on a project in Uganda believe better NRM targeted on
livestock may help reduce the scourge of sleeping sickness. And in
two highland settings, in Ethiopia and Thailand, livestock are seen
as key contributors to enhanced nutrient recycling to maintain
higher levels of food production. Animal products, in addition,
provide essential nutrients such as vitamins A and B12, often
lacking in people forced into a carbohydrate-heavy vegetarian diet.
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Three CGIAR centres are experimenting with modified
management of livestock, vegetation and irrigation schemes to
help control malaria and other vector-borne diseases. Another,
hoping to reduce HIV transmission, is looking at the promotion
of agroecosystem-based opportunities in people’s home areas to
discourage labour migration. In South Africa, a team is
attempting to improve soil and crop management as a way to
reduce human exposure to aflatoxins and fumonisins. For
example, restoring soil fertility may make host plants less
susceptible to invasion by mycotoxin-producing fungi.

Conclusion: Integrating research on NRM,
poverty and human health
The similarities and differences among the research projects and
results described above exemplify the profound interdependence
of human health, poverty and agroecosystem management. What
is needed is a common framework to clarify the complementary
roles that NRM and health researchers can play.
Consider the pyramid of human health (see illustration). In any
human population, and for many health problems, a small
number of individuals exhibit acute clinical symptoms. These are
the problems that most medical professionals attempt to heal.
When they fail, many patients continue to suffer and some die.
However, a much larger number of people suffer from early subclinical changes and exhibit non-specific symptoms. These are
rarely reported and are often untreatable by the health care
system. They require preventative approaches that go beyond the
current domain of most public health agencies.

Conventional curative medical services are expensive to deliver
and focus on the needs of the minority, namely those who have
clinical signs of illness and access to medical care. In places,
evidence suggests that further investment in curative health care
may actually lower health standards by diverting resources away
from the preventative non-medical measures that are better able
to deal with widespread non-clinical threats to human health.
In future, we can expect that health delivery will no longer be the
monopoly of classic “western style” health professionals. Many
preventative interventions are needed to promote better health
among the majority of the population represented by the lower
half of the pyramid. Recognition of this creates an important role
for agricultural professionals. Agroecosystems contain most of
the fundamental determinants of human health, particularly
those that affect the rural poor. While agricultural R&D often
make significant contributions to improving human health,
ignorance of the human health consequences of NRM can
undermine those gains. However, better understanding of the
complex nature of human health within agroecosystems can pave
the way for active delivery of preventative NRM and agricultural
interventions that help achieve consciously formulated human
health objectives.
More than lack of cash, to be poor means to suffer several or
many deprivations at once – lack of access to health care, natural
resources, credit, farm inputs, safe housing, knowledge,
information, education, quality food and labour. Poverty leads
many people to migrate in search of employment. This can
expose them to additional health risks and contributes to the
breakdown of social capital. To maximise cash income for
immediate needs, poor and often marginalised farmers tend to
forgo investments for long-term maintenance of soil
productivity. They put added pressure on common property
resources such as grazing areas and woodlands. And they
frequently sell the highest-quality produce, leaving their families
to depend on nutritionally inadequate food that may also be
contaminated.
The low farm productivity and unsustainable land management
practices that emerge from poverty and poor health reinforce the
factors that compromised human well-being in the first place.
The momentum of the poverty cycle is thus maintained. To break
that cycle in poor rural communities of developing countries
requires a multi-pronged attack on ecosystem degradation and
related threats to human health.
This paper has scratched only the surface of existing knowledge
about the interconnectedness of NRM, human health and
poverty. Individually, the projects described here could easily be
overlooked by policy makers and others charged with rural
development. Together, however, they convey a more persuasive
message: Expanded inquiry into additional causal links between
human health and agroecosystem management could
significantly contribute to the alleviation of rural poverty around
the world.
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Ecological Millennium:
Setting the Bottom Line
David Suzuki
This is an abridged version of Dr. Suzuki’s plenary address to the
Canadian Conference on International Health. For the full text,
see www.idrc.ca/ecohealth/suzukispeech.pdf.
At a time when science and technology dominate our lives, it is
ironic that we need the great wisdom of traditional people around
the world to remind us that the earth is our mother. Not only is it
horrifying to contemplate our current assault on her, it is also
obvious that the damage we are inflicting on her will have
enormous repercussions on us, her children.
In graduate school at the University of Chicago, I was taught,
and I later taught my students, that science is the most powerful
way to know the world around us. It allows us to push back the
curtains of ignorance, to reveal the deepest secrets of the cosmos.
Through science, we can gain control of nature and the rest of
our surroundings. Through science, I believed, life would get
better and better for human beings around the world. In the years
that followed Sputnik, science indeed exploded. We were
overwhelmed with the success of that growing scientific
community.
When I returned to Canada in 1962, I was shocked at the
abysmally low level of support for science in this country. The
only thing that saved me was a large American grant I received to
study in Canada. Then, I was asked to do a television show. I was
at the University of Alberta in the genetics department, and I
jumped at the opportunity. I thought it was a great chance for me
to communicate with people about why science is important and
that, if I did this well enough, maybe in the long run I would get a
bigger grant. It was out of self-interest that I wanted to demystify
science.

But I was distracted by someone I had never met, a woman
named Rachel Carson, who wrote Silent Spring. Her book came
out in 1962, the very year I did my first TV programme. I think
anyone who read the book was never able to look at the world
again in the same way. Carson put out a very powerful warning
about technology. The case she focussed on was pesticides, but it
could be taken as a symbol of all technology.

The cost of technology
Technology is powerful. We love technology because we invent it
to do things for us. But our knowledge about how the world
around us works is so limited that we can’t anticipate what the
costs may be down the road. Carson pointed out that we had
better pay attention to the fact that for any technology we will
always have to pay a price. As you all know, the environmental
movement grew explosively as a result of her book, and only 10
years later the United Nations held its first world conference on
the subject, in 1972. Many of the issues that we still face today
were raised at that meeting in Stockholm: population growth,
pollution, species extinction. And major scientists were there:
Margaret Mead, Paul Ehrlich and Barry Commoner, for example.
They were there warning us about the crisis we faced.
After Stockholm, we had constant reminders of the fragility of
the environment – the dioxin spill in Seveso, Italy; the Union
Carbide accident in Bhopal, India; the Exxon Valdez oil spill in
Prince William Sound; and the Chernobyl nuclear reactor fire.
We kept learning about new phenomena that we did not know
existed in 1962 or 1972. We have since learned about ozone
depletion, global warming and endocrine disrupters.

So, we had reached an apex of concern about the environment
and we coasted into 1992 for the largest-ever gathering of Heads
of State in human history at the Earth Summit in Rio. The
summit was meant to signal that, from that point on, humanity
was taking a fundamentally different path, that the environment
could never be ignored in any decision we make, whether
economic, social or political. Sustainable development became
the rallying cry.

David Suzuki, geneticist, broadcaster and environmentalist.
Technology, population growth and a “mono-culture” approach to
economics, he says, have turned human beings into a powerful and
dangerous super-species. Photo: Al Harvey.

Stark warning
As if to emphasise the importance of the Earth Summit, in
November of 1992 a remarkable document titled World
Scientists’Warning to Humanity was released. It was signed by
more than 1,600 senior scientists from around the world,
including more than half of all living Nobel Prize winners. It
begins like this: “Human beings and the natural world are on a
collision course. Human activities inflict harsh and often
irreversible damage on the environment and on critical resources.

SUPPLEMENT TO LEISA MAGAZINE . MARCH 2002

The year 1988 was the high point of environmentalism around
the world. You may remember U.S. presidential candidate George
Bush saying, “If you vote for me, I promise I will be an
environmental president.” Now we know how shallow election
promises are. The same year, the U.K.’s Margaret Thatcher was
filmed walking around a park in London, picking up litter and
saying, “I’m a greeny too, I care about the environment.” And in
Canada, we had a new Prime Minister, Brian Mulroney. To show
his born-again environmentalism, he raised the Ministry of the
Environment into the inner cabinet.
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If not checked, many of our current practices put at serious risk
the future that we wish for human society and the plant and
animal kingdoms, and may so alter the living world that it will be
unable to sustain life in the manner that we know. Fundamental
changes are urgent....”
As a group, scientists tend to be cautious in making public
pronouncements. Yet here we have a group of leading scientists
saying we are on collision course with the life support systems of
the planet. “No more than one or a few decades remain,” the
warning continues bleakly, “before the chance to avert the threats
we now confront will be lost and the prospects for humanity
immeasurably diminished. We the undersigned, senior members
of the world’s scientific community, hereby warn all humanity of
what lies ahead. A great change in our stewardship of the Earth
and life on it is required, if vast human misery is to be avoided
and our global home on this planet is not to be irretrievably
mutilated.” They said we may have as little as 10 years to avoid
absolute catastrophe.
While the document was stark and terrifying, what was even
more terrifying to me was the lack of response by the world
press. Canada’s so-called national newspaper, The Globe and
Mail, did not cover it. Nor did our national radio and TV
network, the Canadian Broadcasting Corporation (CBC). Major
American TV networks, The New York Times and The Washington
Post didn’t bother to report it either. So, when half of all Nobel
Prize winners tell us we may have as little as 10 years to avoid
catastrophe, the media decide this isn’t newsworthy. What do
they consider newsworthy? The historically trivial O. J. Simpson
trial, the death of Princess Diana, and Bill Clinton’s relationship
with Monica Lewinsky.

As a group, scientists tend to be cautious in
making public pronouncements. Yet here
we have a group of leading scientists
saying we are on collision course with the
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life support systems of the planet.
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Prioritising economics and the environment
Only a year after the Earth Summit, we had another election in
Canada. The Globe and Mail editorialised that there were only
three issues of concern to the Canadian electorate: the economy,
the economy and the economy. While the economy has emerged
in the 1990s as the dominant feature affecting our lives, the
environment appears to have disappeared as a high priority.
Was the whole thing a hoax? Was Rachel Carson really what
Monsanto and the other chemical companies said at the time –
just a frustrated old woman without scientific credentials?
Was all of the concern in Stockholm in 1972 and then in 1988 a
fabrication of environmentalists? Or, heaven forbid, were
politicians and business people so responsible they took care of
it and it’s no longer an issue? Of course, the answer to all those
questions is no. Why is it, then, that in 1999 we are failing to
heed serious warnings that we are on a collision course with our
planet – warnings not from eco-terrorists, neo-Luddites or
“do-gooders”, but from leading scientists?

Rachel Carson, environmentalist and author, Maine, USA, 1962. The
global environmental movement grew rapidly after the publication
of her book Silent Spring. Photo: Erich Hartmann / Magnum Photos.

An obvious reason we haven’t been able to assimilate the
problem and act on it is that we are a fundamentally local
species. We observe the world around us through our five senses.
If we can smell, see, taste, feel or hear it, we know it’s real.
But when issues are global, they are really beyond our capacity
as individual people to sense them. We haven’t evolved sense
organs that can tell us directly that the ozone layer is being
depleted or even that it’s up there. We can’t detect that
greenhouse gases are increasing in the atmosphere. We can’t
sense dioxins and PCBs in our food or water. As biological
creatures who evolved in a world radically different from today’s,
we are no longer able to sense the real dangers confronting us.
And the changes in our world have happened absolutely
explosively.

Population growth and the global economy
As a distinct species, Homo sapiens may have existed for about
half a million years. If you plot that time span on a graph, where
the X axis represents time and the Y axis total human population,
for 99% of human existence there were less than a billion people
on earth. It took a long time, almost the entire half million years,
to reach one billion people, around the year 1830. It’s only in the
last pencil-width of time that you finally begin to see the curve
inflect up.
In my lifetime, the planet’s population has tripled to 6 billion.
Where it took nearly half a million years to reach a billion
people, we are now adding a billion people every 12 to 13 years.
The curve is now leaping straight off the page. As you well know,
in a finite world, nothing can continue that way and it will come
down. The only question is, will it come down by hitting a ceiling
and then plunging? Or will it go up, and then curve gently back
as we deliberately bring it down?

It’s not just our numbers and our
technology that have made us so powerful.
We have very recently cloaked ourselves in
a concept called the global economy.
At the very time human populations are skyrocketing within a
single generation, technology has grown even faster. Virtually
the entire history of modern technology is encompassed in the
last 100 years – from cars, to planes, to space, to nuclear energy,
to computers, to birth control pills. While we are already the
most numerous mammals on earth, each of these technologies
gives us much more muscle power than any other species.
Each human being so equipped can now attack the planet.
We have become what I call a super-species. No other species
has ever had the capacity to alter the biophysical features of the
planet – a capacity we have developed in an incredibly short
period of time. But it’s not just our numbers and our technology
that have made us so powerful. We have very recently cloaked
ourselves in a concept called the “global economy”.

The mono-culture of the global economy
Economics is a construct. Human beings have had economies
for thousands of years and these have varied from place to place.
But today we are being “mono-cultured” with a single notion
of economics – the global economy – which is equated with
progress. While no one is against progress, economic
globalisation is based on the idea of growth going on indefinitely.
For me, there are many reasons why this represents the greatest
threat we now confront. But first, some background.

Monoculture is the spreading of a single genetic strain or a single
species over a wide area. We have found in agriculture, fisheries
and forestry that monoculture runs counter to the principle of
diversity-based adaptability. It makes life vulnerable to change.
And so it is with human cultures. Human cultures have
flourished on this planet because of their diversity and because
they are intimately tied to local areas. Our diversity has let us live
in the Kalahari Desert, the Amazon rain forest and the Arctic.
But we are now mono-culturing the planet with a single
economic idea of progress and development. I submit that this is
unbelievably dangerous, because it makes us vulnerable to the
questions: What if it’s wrong? What if conditions change and can

Economics and indefinite growth
Hazel Henderson, a leading futurist in the United States, says
conventional economics is a form of brain damage. She is
absolutely right. In an introductory economics course, one of the
first things a professor will do is throw up a slide of the economy.
Economists love this because it looks scientific – lots of arrows
back and forth, raw resources, extraction, processing,
manufacturing, wholesale, retail. While economists claim
economics is a science, it isn’t. It is a set of values that tries to
present itself as science. In principle, if you know what all the
arrows represent, you can tweak them with an incentive here or a
disincentive there, thus “managing” the economy.
But then a student asks: “Excuse me, Professor. Where in that
economic diagram is the ozone layer? Where do you put the deep
underground aquifers of fossilised water? Where do you put
topsoil?” You know what the answer is? “Oh, those are
externalities.” But if we externalise the real world on which we
depend, then the economic construct has nothing to do with
reality. You might as well be on Mars. You ensure the
development of a system that will trash our planet.
To compound the insanity of conventional economics,
economists actually believe that human beings are the greatest
thing to hit this planet. They believe our creativity will solve all
problems. They believe that if we run out of resources, we’ll find
substitutes, or that we can simply go to the moon or Mars to get
whatever we need. They believe there is no limit to human
inventiveness. So economics is based on the idea that we can
have steady growth forever. But in a finite world, nothing can
grow indefinitely.
If you don’t have steady growth, conventional economics
considers it an absolute disaster. Imagine a company going to a
bank and saying, “We’ve got 10% of the clothing market in
Canada and we’re very happy. We’re making a profit. We don’t
want the firm to grow any bigger. We’ve got a plant and we turn
out product, but we need a loan to upgrade our equipment.” You
know what the banker will say: “No way you’re going to get a
loan. You’re dead.”
Banging into natural limits
In our crazy economic system, if you’re not growing, you’re
considered dying. But as Stanford ecologist Paul Ehrlich says,
“There are only two systems on the planet that believe in steady
growth forever. That’s economics and cancer cells.” In our belief
in the necessity of steady, endless growth, we have turned the
economy into our highest priority. But what kind of a society
judges its politicians and its government on the basis of how well
they’ve done with the economy? What about the living
conditions of the frailest, most vulnerable people? That’s the
criterion of success I want for my government.
But no, the economy and the Ministry of Finance, with its big
budget, are considered everything, while the biosphere and the
Ministry of the Environment are seen as representing just a tiny
sliver of the economy. That’s our mentality. I have had politicians
and business people tell me over and over again, “Listen, Suzuki,
if we don’t have a strong, growing economy, we can’t afford a
clean environment.” Of course, the reality is exactly the opposite.
The biosphere is everything. The only legitimate issue is how big
the economy can grow before it begins interacting with natural
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The great discovery of the 1960s in my area of genetics occurred
when scientists began looking at individual genes within
populations of a single species. They discovered, to their
amazement, that rather than being highly homogeneous, single
genes were tremendously diverse. It was called genetic
polymorphism. The reason for that diversity, we understand now,
is that throughout the evolution of life our planet has never been
static. The poles have reversed and then reversed back again. The
sun has increased in intensity by 25% since life began on earth
3.8 billion years ago. We have had continents colliding with each
other. We have had warming periods and ice ages. Tremendous
changes have happened. Life gets its resiliency from the constant
presence of genetic differences. As the environment changes,
some gene combinations have better survival ability under the
new conditions. Life has evolved by maintaining tremendous
diversity. But it’s more than just genetic diversity. Species
diversity, ecosystem diversity and, in the case of humans, cultural
diversity have also been the key to our long-term survival.

no longer support that single notion? As a biologist, I see this as
the fundamental threat posed by globalisation – the monoculturing of our planet. If you look into economics itself, you
find it is a fundamentally and unbelievably flawed system.
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limits and breaking down parts of the biosphere. Many biologists
believe we are long past having to worry about that. The economy
is already banging into limits and surpassing them. We see the
degradation around the world. Unless we recognise that the
biosphere encompasses everything and that it can’t grow, then
economics and economic growth will continue to be the
destructive agents that they are today.

The biosphere is everything. The only
legitimate issue is how big the economy can
grow before it begins interacting with natural
limits and breaking down parts of the biosphere.
The point here is that we human beings have changed very
suddenly. We have changed in terms of our numbers and
technology. We have changed with regard to our notions of
economic progress and globalisation. And we have changed as
consumers on the earth. Taken together, these shifts mean we are
now affecting our planet in a profound way.

The problem with science
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Let me return to the history of the environmental movement for a
moment. For me, Rachel Carson’s book was a warning. As I
began my television career in 1962, my focus switched from
wanting to expound on science to a desire to explore the
ecological consequences of human activity. Through the 1960s
and 1970s, at the very time environmentalism was on the rise,
science and technology were exploding. A statistic you’ve
probably heard is that 95% of scientists in all of human history
are alive today and publishing papers. We have had enormous
benefits: new materials, oral contraception, computers, space
research, genetic analysis and so on. But the crisis for me was
that, despite the scientific explosion, it was clear that life was not
getting better for most of humanity, and the earth itself was
showing signs of tremendous stress. So, while I believed science
would improve everyone’s lives, I could see this was not actually
happening. When I asked myself what was wrong with what I
believed, I realised that the great strength of science – what
makes it unique as a way of knowing – was also its fatal
weakness.
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Science focusses on a part of nature. Whether it’s a root, an atom
or a subatomic particle, we try to bring a part of nature into the
lab. We try to control everything impinging on it and measure
everything coming out of it, thereby gaining a profound
understanding of that fragment of nature. That’s called
reductionism. Ever since Isaac Newton’s time, we have assumed
that the cosmos is like a giant clockwork or machine. By
reducing nature to its elementary parts, we thought we would
eventually be able to fit them back together again, like a giant
three-dimensional puzzle, and recreate the universe.
Reductionism, then, has been the driving force of the scientific
endeavour. But 20th century physics showed that Newton was
dead wrong, that the universe is not simply a clockwork
mechanism. Unfortunately, most people in the areas of human
development, biology and medicine simply haven’t got it yet.
They are still in that reductionist mode of Newtonian times.
What physicists found was that when you remove a part from
nature, you lose sight of the context within which it was

interesting. You lose any sense of the rhythms and the patterns
within which it operated and made sense. You destroy the very
fabric of meaning that you wanted to study in the first place. You
may be able to describe isolated pieces, but when you put them
together, they do not add up to the sum of their individual
properties. They interact, with synergistic effects. As Nobel
laureate Roger Sperry from Caltech said many years ago, “There
are emergent properties that come from the combination that you
can’t predict or anticipate on the basis of their isolated parts.” So
you’re really snookered. There’s no way you can look at the most
elementary particles and have any understanding of what the
behaviour will be as you climb up to higher levels of complexity.
Science, then, in its most reductionist state, is virtually useless
when it comes to providing us with the kind of information we
need for understanding and control.

Managing the planet without a blueprint
I am sure you are going to hear about health management, water
management and air management. All kinds of people claim to
be able to manage different aspects of the natural world. I tell
you we haven’t a clue.
If you want to properly manage something simple like a shoe
factory, you need an inventory of everything in your factory and
a blueprint that tells you how everything in that inventory
interacts. With that knowledge, you should in principle be able to
manage the factory indefinitely. But how well can we manage the
planet? How many species are there? We have named a lot of
animals and plants and of the animals so far identified, the most
abundant, successful and ubiquitous are insects. It’s estimated
that, for every human being, there are at least 200 million insects.
So, long after we’re gone, there will be plenty of life flourishing
– insect life.
Naming is not knowing
A few years ago, Terry Erwin of the Smithsonian Institution went
down to the Amazon rain forest. He put a sheet of plastic on the
forest floor and blew a fog of insecticide into the canopy. Almost
every one of the insects that rained down on his sheet had never
been seen by a human being before. On that basis, he estimated
there are about 30 million species on earth. Since that time,
the estimate has come down and the consensus figure now seems
to be 10 to 15 million. How many species of plants and animals
have we identified? About 1.4 to 1.6 million. (The reason for
the disparity is that different scientists may classify the same
organism independently and give it a name.) So, if there are
10 million species, we know less than 20% of the diversity on the
planet. That’s just the plants and animals. When it comes to
micro-organisms, we have not got a clue.
When a scientist names an organism, that just means someone
sitting in a lab has given a dead specimen a name. It does not
mean we know how many individuals are out there, what they
eat, what their life cycle is, how widespread they are, or how they
interact with other species. As for basic biology, “We probably
know less than a fraction of a fraction of 1% of all species on
earth in any kind of detail,” says Ed Wilson at Harvard. If we
know so little about the living world, how can anyone have the
temerity to say we can manage it?
You can’t manage communities of organisms when you know so
little about their makeup. When foresters tell me we can manage
forests, I just laugh. That’s because when they talk about
“forests”, they really mean plantations. Everyone knows that a
plantation is a fundamentally different entity from a forest. No
human being or company has ever grown a forest. Only nature
and time do that.

Log tagging in Malaysia. Communities of organisms, such as forests, cannot be “managed” since we know so little of their makeup.
“No human being or company has ever grown a forest,” says Suzuki. “Only nature and time do that.” IDRC photo: N. Kumar.

In reflecting on the difficulty with science, I could see that
science did not have even the elementary information that would
allow us to begin managing the world around us at these different
levels of complexity. How, then, could we deal with our
problems? Ever since Rachel Carson, I had always thought about
this in a simple-minded way. The problem was that human beings
take too much stuff out of the planet and put too much waste
back into it. Solution: regulate how much and what we take from
our surroundings, and how much and what we put back into it,
and then enforce those regulations. That was my simple-minded
way of looking at it. The problem with this solution is that we
don’t know enough to be able to regulate how much and what to
take out, or how much and what to put back.

Then there was DDT which was later found to kill insects. Great
invention. Great discovery. But nobody knew at the time that
DDT sprayed over a broad area would be bio-magnified through
the food chain and concentrated hundreds of thousands of times
in the breasts of women and in the shell glands of birds.
Biologists only discovered the phenomenon of biomagnification
when eagles began to disappear.
When CFCs were created, they were hailed as a great discovery –
inert compounds, great carriers for aerosol sprays. Only when
millions of tons of CFCs were liberated into the air did we
discover their scavenging effect on ozone in the upper
atmosphere. For me, then, the crisis was this: How can we
manage new technologies, new ideas and new chemicals, when
we have so little knowledge of how the world works?

new ideas and new chemicals, when we have
so little knowledge of how the world works?
Our ecosystem, our self
An important insight for me came in the late 1970s when we did a
film on the fight against logging in the Queen Charlotte Islands.
This western-most archipelago off Canada is the home of the
Haida people who call the land Haida Gwaii. Macmillan Bloedel
had been working there for years and there was a strong movement
to stop the logging. I went there and interviewed a young artist
named Guujaaw, now president of the Haida Nation. I said to him,
“A lot of the loggers are Haida. So it’s good for your community.
You have high unemployment. What’s wrong if they are logging?
And with MacMillan Bloedel in the islands, millions of dollars
come through your communities. And you yourself, Guujaaw,
you’re not a logger. Why are you fighting against the logging?”
He answered, “Well, of course, if they cut the trees down, we’ll
still be here. But then we won’t be Haida anymore. We’ll just be
like everybody else.” With that simple statement, I suddenly
realised that here was a radically different way of looking at the
world. Haida don’t see themselves as ending at their skin or their
fingertips. To be Haida is to be intimately connected with the
land, the air, the water, the fish, the trees, the birds. Their history,
their culture, their very reason for existing are tied up in the land.
Ever since that interview, I have been a student. I have travelled
around the world meeting indigenous people wherever I can.
Everywhere it’s the same. However impoverished, dysfunctional
or oppressed indigenous peoples are, you find a fundamentally
different sense of connection with the land. As I reflected on that,
I realised they are absolutely right.
The earth is our mother. They say we are all created from the four
elements: earth, air, water and fire. They are right – literally.
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Bombs, DDT and CFCs
I want to remind you of nuclear power. When we found a way to
release energy by splitting or fusing atoms, we had no idea there
was such a thing as radioactive fallout. Fallout was discovered
after the Second World War when scientists exploded a bomb in
Bikini and then discovered radio isotopes. We did not know there
were gamma rays that could knock out electrical circuits over
wide areas. We did not know that nuclear winter could result
from atomic explosions.

How can we manage new technologies,
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Before you think I have totally freaked out and gone to some New
Age place, let me say that I mean this in the most serious
scientific way. We are the earth itself. We have been framing the
whole environmental issue the wrong way. It’s not that the
environment is “out there” while we are “over here” and we have
to manage our interaction with the environment. We literally are
the earth. We are the environment. Let me show you what I mean.
We are air
The first thing a baby needs when it leaves its mothers body is a
breath of air. From that point on, we human beings need air 20 to
40 times a minute until our last gasp. I love speaking to children
about air. I say, “You don’t think about the air you are breathing.
Try this. Take a deep breath, hold it and don’t take another breath
for five minutes.” Within seconds, of course, your body will
begin to tell you that you need air. You can’t even make yourself
go unconscious by holding your breath. Your body won’t let you.
But because air is invisible, we don’t think about it. When air
rushes into our lungs, it sticks to the surface lining the 300
million alveoli. And when you breathe out, about half the air
remains so your lungs don’t collapse.
My point is that you can’t draw a line between where air ends and
you begin. We literally are the air because we’re stuck on it. It’s
the physical substance in which all of us are imbedded. It
connects all of us here together, along with trees and worms,
snakes and spiders, and everything else that shares the air. Air is
a magic binding material I call a sacred substance.

We are the earth in a most direct way,
and yet we use the soil as a garbage can.
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We pride ourselves in being an intelligent species. Yet what
intelligent creature would proceed to use this vital element, this
sacred air, as a toxic dump? We seem to have this crazed idea that
if we put all our toxins into the air, they will be diluted away.
When you get to be my age, you have taken at least 300 million
breaths deep into your body and filtered it! Whatever we put into
the air comes right into us because we are the air!
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We are water
We all know that human beings are over 60% water by weight.
We’re basically big blobs of water with enough organic thickener
added so that we don’t dribble away on the floor. The trouble
with the human body is that it leaks water all the time. It comes
out of our skin, our eyes, our mouth and, of course, down below.
We’re losing water all the time. So we have to keep topping up.
Where do you think the water to replenish ourselves comes
from? It doesn’t just come out of a local well. It cartwheels
around the planet through the hydrological cycle. The water in
our bodies has come from all of the planet’s oceans, from the
canopy of the Amazon rain forest, from the Canadian prairies,
from the steppes of Russia. Water, like air, is another glue that
holds us together. Again, we use water as a toxic dump but
assume we will not be affected.
Canada sits right next to one of the greatest bodies of fresh water
in the world, the Great Lakes. I am astonished by the fact that
most people in Toronto now buy bottled water. They pay more
for it than for a comparable amount of gasoline. We in Canada
have more fresh water per capita than any other country in the

world. And yet I don’t hear a peep or a squawk over the fact we
have so fouled this resource that we don’t trust the drinking water
from our own taps. What a horrible situation!
We are soil
Every bit of the food we eat was once living. We’re basically a
compost heap for the carcasses of the plants and animals we have
consumed. We take them into our mouths and we make them into
our bodies. Those organisms come from the earth, from the soil.
We are the earth in a most direct way, and yet we use the soil as a
garbage can. It seems to me that is what you’re going to be
deliberating about here. Ecosystem health? We are the ecosystems
of the planet. And the state of those ecosystems will be our state
for heaven’s sake. This isn’t brain surgery; it’s the fundamentals.
We are fire
Every bit of the energy that allows us to grow, move and
reproduce has come from the sun, via the chemical energy
captured by plants. All the energy that we consume, whether it’s
from hydro-electric sources, coal, gas or wood, has come from
the sun. It is captured sunlight that we liberate again.
We are the earth. And it seems to me that when you define the
issue that way, there is no separation. Whatever we do to the
earth, to our mother, we do to ourselves – in the most direct way.
It seems to me that the idea that we need an area called
ecosystem health is absurd. Why do we need that? Health is the
health of our ecosystem, as well as ourselves. That should be
what all health is. There is no way of separating us.

A sacred balance
These ideas are laid out in a book I wrote for my foundation
called The Sacred Balance: Rediscovering Our Place in Nature.
While I defined the basic elements of earth, air, fire and water, I
also said that we are social animals and that the problems we face
as such are every bit as important as those of the environment.
As social animals, our most fundamental need is love. We see
this in the lives of children growing up in Rwanda after the
massacres, in Romania under Ceausescu, and in Cambodia and
Bosnia. Children who may be fed, clothed and sheltered, but who
are denied love, are fundamentally crippled, physically and
psychically. To maximise the opportunity for love, we must
ensure strong families and strong local communities. This means
promoting full and meaningful employment, working toward
justice, security and equity, and alleviating poverty and hunger.
For me, those issues are as fundamental as stopping clear-cut
logging and working against mega-dams.
We are also spiritual creatures. Never have we needed spirit more
desperately than we do now as we enter the new millennium. We
have to know that there are forces out there beyond our
understanding. All other forms of life are genetically related to
us through evolution. They are not commodities or resources;
they are our kin. We have to know that there are sacred places on
the planet that we would never think of touching or changing.
Even though we all have to die, I believe that nature, which gave
us birth, will persist after our passing. We are biological
creatures, social creatures, and spiritual creatures. It seems to me
that if we do not respect and fulfill those needs, then we are not
fully human.
■
David Suzuki is a geneticist, environmentalist, writer, broadcaster, educator and
student of life on our planet. He is also Chairman of the David Suzuki Foundation,
based in Vancouver, Canada. For more information, see www.davidsuzuki.org and
www.sacredbalance.com. E-mail for general inquiries to the Foundation:
solutions@davidsuzuki.org.

Since good health includes people’s
capacity to achieve their goals, an
ecosystem approach to health must
be participatory. Here, a women’s
focus group meets to gain a better
understanding of local diets and
nutrition in the Peruvian Amazon.
CIAT photo: Yolanda Malqui.

An Ecosystem Approach to Health
David Waltner-Toews and James Kay

What is health?
In the public mind and even in the professional literature,
medicine is often confused with the broader notion of human
health and the various ways to achieve it. Medical approaches
usually depend on hierarchical lines of authority, normal science,
clinical diagnosis, and authoritative treatment. In contrast, health
promotion requires, among other things, holistic, post-normal
science driven by participation and activism. This wider
perspective acknowledges the existence of health conflicts that
cut across ecological and social perspectives. It also calls for
constant renegotiation of these tensions through democratic and
power-balanced processes. In some instances, biomedically
oriented research may actually undermine health by
disempowering the communities it studies.

In the context of ecosystems, human health is a positive
characteristic of human communities. It implies both the
availability of resources and access to them. Specific positive
outcomes include food security, good nutrition, low levels of
disease, reproductive capacity (including women’s control over
the spacing and number of children), a sense of well-being, and
access to knowledge, information and power. These outcomes
must be seen in light of water, land and energy use, social and
economic organisation, and other factors. Thus, health is a social
construct negotiated in the context of our best understanding of
the constraints and opportunities provided by the ecosystems of
which people are an integral part.

Despite WHO’s view that health is more than the absence of
disease, conventional health research has tended to choose
specific disease outcomes and view them as the result of a linear
chain of events. For example, water pollution from untreated
sewage leads to diarrhoea in the children who drink the water.
But this analytical approach is unrealistic.
A more complex and realistic view might identify certain kinds
of economic activity, which, although possible causes of
pollution, also generate money to improve nutrition and the
public health infrastructure. Completing a commonly found
feedback loop, the diarrhoea afflicting the people who consume
the water undermines their efforts at improvement by decreasing
their energy to work and siphoning money away from education
and productive activity. This feedback may be complicated by the
fact that men are engaged in the activities that generate income,
and women and children are the ones who suffer the major
consequences. Under this view, resolution of health-related
issues – disease, education, nutrition, livelihoods – requires us to
go beyond traditional health sector concerns and pay attention to
the ecological and socio-economic context.

Good health, according to the World Health
Organization, is ‘a state of complete physical,
mental and social well-being and not merely
the absence of disease or infirmity.’
Thus, health for some may create ill health for others, either in
this generation or the next. Disease treatment programmes, based
on increased use of drugs for example, may generate new
diseases that are drug resistant or that fill the ecological niche
vacated by the organism being attacked. Conversely,
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The definition of health offered in the 1946 preamble to the
constitution of the World Health Organization (WHO) has shown
itself to be surprisingly resilient. Good health, according to
WHO, is “a state of complete physical, mental and social wellbeing and not merely the absence of disease or infirmity.” This
definition has been modified, criticised and widely discussed,
and alternatives have been proposed. Discussion has focussed on
the notion that “well-being” includes the capacity of people to
achieve desirable and feasible goals and to adapt to
environmental change and stress.

Why do we need a new approach to health?
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programmes entirely unrelated to the conventional health sector,
such as agriculture and dam building for electrical power, have
major, usually contradictory, effects on human health.
Conventional programmes aimed at creating environments that
promote health are thus simplistic and, if they achieve their
goals, they do so by accident rather than design. The ecosystem
approach was developed to make interactions explicit.

What is the ecosystem approach?
Among the various strategies for dealing with complexity and
decision making, the ecosystem approach has demonstrated the
most promise, in terms of both its theoretical base and practical
uses. It was developed and elaborated primarily in the context of
environmental management in the Great Lakes Basin of North
America and the design of related sustainability indicators. The
ecosystem approach represents a view of ecological interactions
which is complex in the full technical sense and leads to what some
have called post-normal, democratic and/or participatory science.

Sustainability does not result
from adopting a package of technologies
and practices, but from
establishing a process
of learning and investment in
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local governance.
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According to the Ecological Committee of the International Joint
Commission, in “the ecosystem approach there is not one
material ecosystem to which our definitions must conform.
Rather, the human actor must accept responsibility for erecting
definitions and be prepared to change them when the purpose of
the description changes.” Some authors generalise this view to an
understanding that any complex system is subject to
interpretation from different legitimate perspectives and, hence,
that problem resolution cannot depend only on objective
technical or scientific expertise. Rather, drawing on various
bodies of accepted knowledge, stakeholders must negotiate a
continuing series of resolutions within basic ecological
constraints. Thus, sustainability does not result from adopting a
package of technologies and practices, but from establishing a
process of learning and investment in local governance.
Indeed, according to Kay and Schneider (1994): “If we are truly
to use an ecosystem approach, and we must if we are to have
sustainability, it means changing in a fundamental way how we
govern ourselves, how we design and operate our decisionmaking processes and institutions, and how we approach the
business of environmental science and management.” And, we
would add, how we approach human health issues.
In practice, the ecosystem approach brings together two major
strands of activity, one focussed on systemic research-based
descriptions, the other on social involvement (Kay et al., 1999).

Challenges facing an ecosystem approach
There is a need to understand the interactions between the
socioeconomic and ecological aspects of ecosystems. Human
and biophysical variables interact through feedback loops, many
of which are non-linear and hard to track, making the prediction

of long-term outcomes very difficult if not impossible. These
feedback loops demonstrate that ecosystems are dynamic and
self-organising and that their states can change in sudden and
unexpected ways. Some types of feedback result in cross-scale
conflicts (e.g., between individuals and communities) for which
there may be no technical solution. For instance, a human
population living within ecological constraints requires not only
new births to bring in fresh ideas and ensure genetic renewal, but
also a certain mortality rate to make room for the newcomers.
There may thus be irreconcilable differences between what is
good for an individual and what is good for a community.
Multiple models of reality (specified by gender, ethnic group or
economic class, for example), together with the dynamic nature
of the reality we are observing, are difficult to express in
quantitative models or mathematical equations.
Reality can be described from different perspectives and at
different temporal and spatial scales. There is no single
scientifically acceptable description of the complexity of socioecological systems. Governance structures and other powerrelated factors strongly influence which ecosystem issues – water
flows, food production, human health, and so on – will be judged
worthy of attention. They also determine the scale (individual,
household, community or global) at which the issues are likely to
be dealt with. One’s perspective, whether as a scientist, villager,
bureaucrat, woman, man or member of a particular class or
ethnic group, determines which aspects of reality are seen as
background and which as foreground.

Visions of the future
For any complex system, the formulation of problems and the
design of solutions depend on the perspectives chosen. Since
good health by definition includes people’s capacity or power to
achieve their goals, an ecosystem approach to health must be
participatory. And because we are concerned with ecological
sustainability, that approach must also be explicitly anchored in a
systemic understanding of the elements and relationships that
determine how the complex world we live in self-organises and
changes over time. These two dimensions of the ecosystem
approach – participation and systemic understanding – must
converge in visions of desirable, feasible futures and lead to
governance, management and monitoring activities for achieving
them.
Part of that work is to evaluate the synergies and tradeoffs raised
by each scenario. For example, while dam construction provides
electric power and flood control, which may lead to better overall
nutrition in the community, it also creates a habitat for diseases
such as schistosomiasis and malaria. An ecosystem approach to
human health emphasises synthesis, stakeholder negotiation, and
the resolution of such tensions across ecological and social
perspectives.
■
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Linking Natural Resources,
Agriculture and Human Health:
Case Studies from East Africa
Hugo Li-Pun, Johann Baumgaertner, Juergen Greiling,
Hiremagalur Gopalan, Mohammad Jabbar, Victor Mares,
John McDermott, Martin Odiit and Mohamed Saleem
Past attempts to alleviate the problems of poor farmers engaged
in mixed crop-livestock production have generally focussed on
the design and diffusion of new technologies targeted on specific components of the agroecosystem. Unfortunately, such piecemeal efforts have had little impact in the developing world,
including the East African highlands, the main focus of this
report.
In the case of human health, the traditional R&D approach has
tended to be narrowly sectoral. The health of people has been
separated from that of crops, animals and the environment, with
different disciplines and institutions concentrating on different
constraints. Despite the progress reported, improvements to
human health have fallen far short of expectations. A key limitation of the sectoral approach is that it does not consider interactions among priority human health conditions and their socioeconomic and ecological determinants, such as poverty, malnutrition and degraded natural resources. Nor does it account for
the close associations between people and livestock, as in the
case of human sleeping sickness and bovine trypanosomiasis,
both vectored by tsetse flies.
If future development efforts are to have significant, long-lasting impact on the people they are intended to help, they must be
based on a firm understanding of the complex links among the
environment, natural resources, agriculture, food security and
human welfare. Furthermore, the ensuing interventions must
not be limited to technological solutions. Rather, they must
include better policy formulation, health and education, and the
building of local community assets.

Below we describe recent experiences of two research centres
with a global reach: the International Livestock Research
Institute (ILRI) and the International Centre of Insect
Physiology and Ecology (ICIPE). Both are currently conducting
research in the East African highlands, based on holistic, participatory methods. Each centre’s strategy integrates activities
intended to improve food security and nutrition, human and
environmental health, asset building and farm income, through
natural resource management (NRM) and higher crop and livestock productivity. Computer modelling is one of the research
tools used to assess the potential impact of using better methods

to manage soil nutrients, graze and feed animals, enhance livestock health and control tsetse flies and other vectors.

Human health in the highlands
Widespread poverty, malnutrition and disease, along with low
farm productivity and degraded natural resources, are major
problems in the East African highlands. For example, in
Ethiopia, which makes up 60% of the 3.5 million square kilometres of highlands, per capita annual income is a little over
US$100. Some two-fifths of the rural population live in
absolute poverty and one-third are malnourished. Nearly twothirds of children suffer from protein-energy malnutrition,
sometimes with irreversible damage to cognitive development.
Deficiencies in micronutrients, particularly vitamin A, iron and
iodine, are also commonplace.
Poverty and malnutrition are aggravated by large-scale resource
degradation such as soil erosion, nutrient depletion, deforestation and the decline of pastureland, all of which undermine
agricultural productivity and food security. It is estimated that
half of the Ethiopian highlands’ arable lands are moderately to
severely eroded. If the erosion rates of the 1980s persist, over
7 million ha of crop land could be lost by 2010.
The burden of ill health in sub-Saharan Africa is twice the global average and life expectancy lags some 25 years behind that of
people in the wealthiest nations. In the East African highlands,
a region with a population of 150 million, women and children
are especially at risk of ill health. This is due not only to malnutrition but also to the fact that these family members are more
closely connected with unhealthy household environments.
Indoor air pollution from burning wood and dung, for example,
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In recent years, participatory and multidisciplinary research
methods have begun to make inroads in many parts of the
world. For example, several international programmes are
attempting to address agricultural productivity and resource
sustainability issues through so-called ecoregional research.
These efforts involve various mixes of partners: international
agricultural research centres, advanced research institutions in
industrialised countries, national agricultural research systems
in developing countries, non-governmental organisations and
funding agencies.

A smoky home environment. For lack of alternatives, Ethiopians often burn
dung for household cooking. This reduces indoor air quality and contributes to
high incidences of upper respiratory disease. Agroforestry and woodlots could
provide better domestic fuel, leaving precious manure as fertiliser for crops
and pastures. ICIPE photo: Shifa Ballo.
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causes acute and chronic respiratory diseases. Women and
children are also at high risk from insect-borne diseases such as
sleeping sickness, malaria and dengue fever. A major reason
is that the sites where they collect water and wash clothes tend
to be insect-breeding areas as well.
Among the vector-borne diseases, malaria (transmitted by
female anopheles mosquitoes) is the most important health risk.
As for human trypanosomiasis, or sleeping sickness, the epidemic levels of the 1930s have returned, with the case load now
estimated at 300,000 per year. Unsafe water supplies and limited access to clinics and health posts, combined with domestic
and environmental health hazards and poorly developed communications, contribute to high incidences of disease. Zoonotic
infections spreading from animals to people are also of increasing concern in the region.

lower milk and meat yields and fewer offspring. Crop production is indirectly affected as there is less draught power for
ploughing and less manure for fertiliser. This results in fewer
crop residues and by-products for animal feed.

The consumption of even small amounts
of meat and milk products improves human
nutrition and makes people, especially
pregnant women and young children, less
susceptible to diet-related diseases.

Livestock as leverage
Mixed crop-livestock systems are common in the highlands.
While grain yields have shown modest increases in the past two
decades, they are still under 2 tons per hectare. This is due to
the low usage of agricultural inputs such as fertilisers, as well
as to damage by pests and plant diseases.
Farm animals play multiple roles in these systems, providing
food and income, as well as farm inputs such as draught power
and manure for crop production. Manure is also used as fuel.
Livestock are a family’s most important and flexible marketable
asset. They can be sold in times of need, particularly when
crops fail.
The beneficial role of livestock in intensifying production, alleviating poverty and malnutrition, and conserving natural resources
has not been adequately exploited. Livestock productivity remains
well below potential due to insufficient and poor-quality feeds,
along with animal diseases. Available forage in sub-Saharan
Africa is currently insufficient to meet needed livestock output,
with protein being in even shorter supply than total energy. The
amount of available pasture land is declining, as crops encroach
on traditional dry-season pastures. Mineral fertiliser is needed to
boost the supply of quality feed from both pastures and cropland.
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Infectious diseases, particularly those transmitted by tsetse flies
(Glossinidae) and ticks (Ixodidae), pose a constant threat to
livestock. Cattle deaths related to trypanosomiasis are estimated
at 3 million head annually, mainly young animals. Up to onequarter of pre-weaning calves succumb. Sick animals have
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In the Ethiopian highlands, livestock are a farm family’s most important
and flexible marketable asset. Milk and meat are also important sources
of protein and micronutrients. ICIPE photo: Shifa Ballo.

The consumption of even small amounts of meat and milk
products improves human nutrition and makes people, especially pregnant women and young children, less susceptible to dietrelated diseases. Animal products are rich in micronutrients,
such as vitamins A and B12, iron and zinc. These are essential
to good child health and the development of cognitive and
motor skills. What’s more, agriculture and food-based
approaches to combatting macro- and micronutrient deficiencies may be more sustainable than chemical supplementation
such as consumption of vitamin A tablets.
Nutritional benefits of greater agricultural production, particularly dairy, depend partly on mothers’ knowledge of nutrition.
Since that knowledge is currently low among poor farmers,
effective nutrition education is required. However, better education and family health in turn depend on community participation
and empowerment. Stakeholder participation in the diagnosis of
constraints and in the design and implementation of solutions is
essential to the success and sustainability of development efforts.

ILRI’s experience
Over the years, ILRI’s research in the Ethiopian highlands on
several component technologies has shown the potential for
improving human welfare through increased crop and livestock
productivity, better NRM and related interventions. Here are
some examples:
● Vertisols are an under-exploited soil resource because of
waterlogging. Animal-powered drainage equipment (called a
broad bed maker, or BBM), combined with improved wheat
technology (better varieties for early planting, fertiliser and
agronomic practices), can increase wheat yield from less than
1 ton per ha to over 2. Besides helping alleviate the country’s
perennial food deficit, the drainage technology also significantly
reduces soil erosion compared with traditional vertisol
management.
● Modification of the BBM for row planting via a seeder
attachment resulted in a large saving in seeds. The technology
required 90 to 110 kilograms per hectare, compared with 150 to
250 kilograms for traditional broadcasting. Tillage and planting
tests during the onset of the main rains showed that the time
required to establish a crop via minimum tillage was about onethird that needed with traditional methods.
● On-farm studies have shown that improved dairy technologies
(better breeds, feeds and management) can significantly increase
production and income, and improve household nutrition and
food security, particularly of women and children.
● Results from a study of grazing pressure suggest that a nograzing strategy does not help conserve biodiversity or improve

soil quality. Recycling nutrients through manure ensures sufficient
biomass production for regulated grazing and provides soil with a
protective cover. Using dung for fuel aggravates the negative
nutrient balance in the soil and depresses biomass production.
● An adoption study regarding multipurpose trees showed that
farmer-to-farmer diffusion through seed sharing – a good
indicator of potential for further adoption – has been occurring.
The species selected by farmers varied with biophysical factors
such as altitude and rainfall. Most farmers were using the trees
for fencing, fuel and construction.

Trypanosomiasis in Uganda
ILRI and partner agencies have also begun investigating ecosystem-centred ways to fight rhodesiense-type trypanosomiasis in
neighbouring Uganda. Major outbreaks occurred in 1976-82 and
1984-89. Since then, there have been roughly 1,000 cases per
year. The population of the affected area of 7,000 square kilometres is a little over 2 million and more than half these people live
on less than US$1 a day. Small-scale crop-livestock farms predominate. Indigenous zebu cattle, which provide rural people
with milk, meat, traction and savings, number about 500,000.

Given the limitations of development strategies based on component technologies or organized by sector, ILRI and its partners carried out a three-year project using a participatory
“agroecosystem health” approach to assessing the sustainability
of crop-livestock production systems. The overall aim of this
work, based in Ginchi, a community of the Awash watershed, is
to improve human health and nutrition through better management of livestock and natural resources.

The goal of this three-year project, targeted initially on six
high-risk communities, is to improve human health through a
mix of trypanosomiasis-control interventions, in the areas of
NRM, policy, social dynamics and public health. A major ILRI
partner is the Livestock Health Research Institute (LIRI), part
of Uganda’s National Agricultural Research Organisation.

After a 1998 workshop to refine the methodology, researchers
gathered detailed biophysical and socioeconomic information
on the Ginchi micro-watershed. They used a variety of methods,
such as on-farm trials, site surveys and participatory rural
appraisal. Then, together with members of the target community, they defined indicators of agroecosystem health, related to
factors such as household food security, disease incidence, gender-related equity, soil erosion and biodiversity.
A bioeconomic model, based on Ginchi field data, was
designed for ex ante assessment of the impact of improved crop
and livestock technologies and NRM strategies on economic,
ecological and food-production sustainability. It has allowed
researchers to evaluate both short- and long-term impacts (up to
12 years) of technology and policy interventions. In a nutshell,
this “dynamic” model quantifies the tradeoffs involved when
farmers attempt to increase or maximise one of three factors:
their income, their food self-sufficiency, or the sustainability of
their farming system (by reducing soil erosion).

Under a scenario involving the introduction of a set of new technologies – such as higher-yielding crop varieties, agroforestry
methods, and techniques to reduce soil waterlogging – the
modelling results are quite different. It would be possible, over
12 years, to increase cash income tenfold and decrease aggregate
soil erosion by 20%. Moreover, farm outputs would be sufficient
to provide a minimum daily intake of 2,000 calories per adult.
However, farmers would be increasingly dependent on livestock
for manure, draught power, milk and cash flow. And the use of
agroforestry methods and zero grazing would demand a longer
planning horizon – which would be feasible only if farmers had
more secure land tenure than at present.
The results of the modelling have been shared with farmers in the
watershed and district extension agencies as an aid to resource-use
decision making. They will also be extrapolated to other regions.

With community help, the research team has discovered that the
incidence of sleeping sickness is higher where human populations are less dense and where people live close to bushland,
woodland and swamp vegetation. Through village-level planning workshops, people now have a better understanding of
common problems and priorities. Although the risk of sleeping
sickness is a shared concern, they recognise that, more generally, poverty and ill health are crucial constraints to farming and
other daily activities. However, they also lack resources including knowledge of best practices and access to farm implements
to improve their situation.
People, particularly those who live far from roads and services,
feel cut off from sources of help. This same isolation makes
them appear to have lower incidences of sleeping sickness simply because their cases are less frequently reported to health
care workers. The initial participatory collaboration suggests
that by engaging in this research, villages affected by sleeping
sickness are beginning to develop community action plans to
lift themselves out of poverty and into a state of better health.

ICIPE’s experience
The BioVillage Initiative is an integrated NRM project designed
to improve human health and alleviate poverty in rural Ethiopia.
Recently launched by ICIPE, it responds to a community
request following a successful tsetse control operation in the
country’s southwest.
The tsetse control system, established with community participation, was based on mass trapping of flies. As in ILRI’s tsetse
and trypanosomiasis control work in nearby communities, the
programme resulted in a significant reduction in the incidence
of farm animal disease. While farmers saw the value of the
technique for improving livestock health, they also noted its
limitations as a means of addressing human health problems
and poverty. In fact, the farmers stressed that in order to plough
fields and grow crops for human food, animal feed and income,
both oxen and men need to be healthy. They also recognised
that a healthy farming community can engage in other incomegenerating activities such as bee keeping.
Hence, it was agreed that a comprehensive programme for farm
animal and human health management was needed as a way to
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Results of modelling
The modelling reveals strong tradeoffs between the attainment
of food self-sufficiency, high income and reduction in soil erosion. For example, with the application of fertiliser to teff and
wheat in an otherwise traditional production system, farmers’
cash incomes would rise by 50% from a currently low base.
However, annual soil losses would be 31 tons per hectare, which
is still higher than the permissible level for the highlands.

The research is participatory and transdisciplinary, drawing on
expertise in epidemiology, geographic information systems,
ecology and systems analysis. It combines the practical problem-solving approach of rural Africans with the best of systems
analysis tools developed by researchers.
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Tsetse flies transmit trypanosomiasis to both people
and livestock. Photo: ICIPE.

Farmers stressed that in order to plough fields and
grow crops for human food, animal feed and
income, both oxen and men need to be healthy.
Catching tsetse flies in Ethiopia. Photo: Andreas Schriber.
solve the most urgent problems of rural development.
The resulting management scheme is built on three elements:
fly and disease control, sustainable management of natural
resources, and community participation.
Fly and disease control
The BioVillage Initiative builds in part on the experience of
African rural communities whose housing for people and livestock has apparently been designed to divert malaria-transmitting mosquitoes from human hosts to animal hosts. The traditional straw-thatch design is kept in the new system, but
improved to reduce insect access to houses.
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The disease control and resource management measures are
also designed to minimise breeding sites for mosquitoes and
filth flies, thus improving health and sanitation. In addition, the
BioVillage Initiative incorporates zero grazing methods as complementary means of protecting cattle from tsetse flies.
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Natural resource management
The programme aims to reduce the need for external inputs,
particularly energy and fertiliser. Biogas digesters are used to
extract energy from organic waste and manure, and the slurry is
transformed into organic fertilisers through composting. The
loss of nutrients such as nitrogen is minimised by separating
urine from other organic waste and processing it separately. An
expert from the Swiss Federal Institute of Technology provides
the BioVillage Initiative with advice on organic waste processing, including composting.
Besides providing the fertiliser needed to make cropping systems more productive, such waste management techniques also
reduce the breeding sites of disease vectors. In addition, the
resulting supply of biogas reduces the need to collect firewood
for cooking purposes and conserves local trees which may also
supply fruits and pest-control materials. The use of biogas also
promotes a healthier household environment by reducing disease-causing indoor pollution caused by wood burning.
The BioVillage community intends to make use of the biogas
energy to pump water from the ground to the village. Easy
access to clean drinking water is an important contribution to
human health and helps free up time for income-generating
activities.
Community participation
Local participation is essential to the project. Community members assist with the design and construction of demonstration

sites for the health and NRM components and participate in
training courses. They also transfer technologies to neighbouring villages. The farming communities interact with project
management via an ICIPE staff member who serves as
BioVillage manager.

Concluding note: The special role of women
Livestock play a central role in environmental protection, food
security, and human health and welfare in the African highlands
and, indeed, in most developing countries. They are critical for
asset building, soil-nutrient cycling and climatic risk buffering,
and they constitute a sustained and irreplaceable source of
macro- and micronutrients, especially for women and children.
In designing interventions for mixed farming systems,
researchers and their partners need to understand the complex
interactions between people, livestock, crops and the environment. An ecosystem approach to human health provides a valuable perspective in this regard.
Both individually and collectively, women are key repositories
of knowledge about the nutritional value of livestock products.
This role should be recognised and enhanced by encouraging
women to actively participate in the design, implementation,
monitoring and evaluation of educational and other programmes
aimed at income generation and better family nutrition and
health. At the same time, sustained investments in R&D are
needed. These too should take into account women’s vital contribution to agricultural production, thus making the ongoing
search for solutions especially relevant and widely applicable to
the realities of developing countries.
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Integrating from Below:
Community Capacity Building
Peter Gubbels and Jagdish Ghimire
Evidence is mounting that integrated approaches to sustainable
rural development are more effective than conventional ones that
tend to view ecosystem components in isolation. Community
health cannot be separated from issues surrounding the natural
resource base on which most rural livelihoods depend. However,
there are few guidelines on how social, economic, health and
environmental factors can be pulled together into a coherent
analytical framework for planning, executing and assessing rural
development interventions.
Here we present a few results and lessons from World
Neighbors’ (WN) experience in formulating and applying an
integrated approach to rural development. WN’s gradual
adoption of this approach resulted from “people-centred”
problem solving rather than from any response to preconceived
agendas about demographics, resource conservation or health.
Our analysis indicates that for marginalised rural communities,
the issues of livelihood, food security, natural resource use,
family and community health, reproduction and family size are
inextricably linked. Moreover, with suitable guidance and
support, rural people are capable of analysing the multiple ways
in which ecosystem components interact with community health.
Based on collective learning and holistic analysis, rural people
can choose concrete actions that lead to significant and
sustainable improvements in their health.
“Integration” and “integrated development” have too often been
viewed as a challenge of vertical delivery of services whereby
gaps between disciplines, sectors and institutions must be
bridged from above. In contrast, World Neighbors is concerned
with “integration from below”. We focus on processes of
participatory diagnosis and learning which lead to mutually
supporting community activities that reflect local priorities and
capacities. The example below is from Ecuador.

A comparative study in Ecuador

The research tested a simple hypothesis: integrated community
development, responding to local priorities such as food
production and security, natural resource management (NRM)
and public health, will lead to greater well-being and more
widespread use of family planning than an approach based on
family planning alone. To conduct the study, World Neighbors
partnered with the Center for Medical Guidance and Family
Planning (CEMOPLAF), a non-profit maternal and family
planning organisation providing health services in 21 provinces,
over half the country.
Twelve rural communities participated in the study. Six were
involved in an integrated community development programme.

A baseline survey of a random sample of 400 families was
conducted. Male heads of household responded to agricultural
questions while women of reproductive age answered health
questions. Three years later, the same communities were
surveyed again, this time based on a random sample of 480
families. This allowed the researchers to compare the attitudes,
practices and outcomes among farm families in the two sets of
communities.
Health and agricultural setting
Despite CEMOPLAF’s success with other groups, its record with
indigenous rural people was poor. Yet indigenous areas typically
have the highest levels of fertility and unmet need for
reproductive health and family planning services. Quechuan
resistance to such services stemmed in part from suspicion about
the motives of outsiders, rooted in the genocide of the Spanish
conquest. In some areas, religious authorities also discourage
family planning.

The proportion of women who received
professional assistance during child
birth was only 20 to 40%, and only about
half the women brought their children
to the health centre after delivery.
The baseline survey revealed significant health problems in both
sets of communities. Roughly half the children were afflicted
with diarrhoea and 60 to 70% had respiratory problems. The
proportion of women who received professional assistance
during child birth was only 20 to 40%, and only about half the
women brought their children to the health centre after delivery.
Communities participating in the integrated programme were
historically more under-served and more rural than those in the
health-only programme. At the study’s outset, knowledge of birth
control methods was much lower in these communities (35%)
than in the health-only communities (65%). Family planning use
was modest in the health-only communities (25%) and low
(12%) in the integrated-programme communities.
Erosion, loss of soil fertility and reduction of farm size due to
population growth adversely affected family food security. This
stimulated seasonal migration of males, shorter fallow periods
and cultivation of steeper slopes. Drought followed by heavy and
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In 1992, a small health and family planning clinic in the town of
Guaranda, in Ecuador’s Bolivar Province, was on the verge
of closing down. Set up to serve rural Quechuan Indians, it had
too few users to justify keeping its doors open. Then, between
1993 and 1997, a unique research project helped turn the
situation around. Today, the clinic provides more than 18,000
consultations a year and has more than 2,500 users of family
planning services.

This included a range of services and activities in the areas of
sustainable agriculture, NRM, public and reproductive health
and family planning. The other six received only reproductive
health and family planning components. In both sets of
communities, two instructors trained local volunteers as health
promoters. The volunteers then replicated the training in their
communities via mini-workshops.
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excessive rainfall also contributed to soil erosion and other
degradation of natural resources.
The interventions
The health-only programme initially focussed on promoting oral
contraception and condom use through community-based
distributors. Then, in response to community requests, it
expanded in the second and third years to include other services
in areas such as nutrition, breast-feeding, diarrhoea, and
respiratory and reproductive-tract infections.
The integrated programme consisted of a somewhat broader
initial health offering, plus an agricultural/NRM component. The
latter included soil and water conservation based on protective
barriers composed of native and exotic trees; the use of cover
crops and green manures; farmer experimentation with varieties
of wheat, barley and potato; production of vegetables; and
livestock improvement.
Research results
Family planning acceptance in the communities involved in the
integrated programme grew more than threefold, from 11.6% in
1993 to 41.1% in 1996, while in the health-only communities, it
remained more or less constant at roughly 25%. Interventions
related to NRM and crop production stressed the use of local
resources rather than external inputs, as well as the prevention of
environmental degradation. In the integrated programme,
changes were seen in farmers’ knowledge, attitudes and methods
in these areas. Awareness of the importance of conserving
resources, especially soil and water, increased. The proportion of
farmers using erosion-prevention techniques more than doubled
from 23% to 50% and the proportion planting green manure to
improve soil fertility increased from 0 to almost 40%. There was
also a marked increase in fallow period, with 40.6% of
participants leaving their land fallow for 5 to 6 months,
compared with 6% at the outset.

Observations and lessons
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Based on the study results, CEMOPLAF plans to extend the
integrated approach to its other clinics serving rural indigenous
people in Ecuador. It will also undertake more rigorous research
and evaluation to examine processes by which communities
adopt new practices. In the meantime, though, it is possible to
draw some conclusions and lessons from the initial study.
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Putting community priorities and livelihoods first
Integrated programmes to improve human health in the context
of agroecosystem management succeed best when they respond
to community priorities such as child health and survival, food
security, food production and natural resource management. This
approach builds local trust and inspires confidence. An
intervention that does not speak to immediate needs is unlikely
to evolve to address secondary needs.
Rural families in the study area faced tremendous economic
pressures due to soil degradation, population growth, the shift
from subsistence to cash crops, and other factors. They were
looking for more sustainable forms of stewardship for the natural
resources on which their livelihoods depend. A key strategy was
to develop interventions linking short-term economic benefits to
longer-term human reproductive and ecosystem health.
Building community capacity and leadership
Strengthening community organisation, leadership and capacity
to identify and diagnose problems, plan and implement
development activities, and monitor and evaluate results was a
critical aspect of the Bolivar programmes. In many Quechuan

communities, local organisation and leadership were already
quite strong. However, for the first time, communities began
developing their own annual plans, including health, agricultural
and NRM objectives. These were used to evaluate progress at the
end of the year.
Taking gender into account
Sixty-four percent of the Bolivar study participants were women,
due to the growing level of male seasonal migration and
consequent increase in women’s livelihood responsibilities.
Devising ways to increase women’s participation in
agroecosystem management, community structures, leadership
and decision making was an important aspect of the intervention.
Through this approach, women gained self-confidence and
organisational capacity. A gender-sensitive approach also
demanded that men be included in community and reproductive
health education. Increasing the exposure of men to health
issues was facilitated by combining health and agricultural
activities in an integrated programme.
Identifying links between natural resources and reproduction
Alternative methods of soil and water conservation, organic
composting, cover crops, green manures, agroforestry and
experimentation with techniques based on local natural resources
all strongly appealed to the Quechuan communities. These
methods directly addressed the survival of their agroecosystem
and way of life. The Bolivar programme included education
about how reproduction and population growth are linked to the
state of natural resources – concepts well-understood and
discussed by the participants.

Concluding note: The broader picture
World Neighbors’ experience in several countries suggests that
successful programme outcomes depend on innovative interagency partnerships, sometimes at multiple levels of the
agroecosystem. In the case of Ecuador, a large national health
service organisation agreed to step outside its traditional domain
to promote innovations for agriculture, income generation and
resource management at the farm and community levels. World
Neighbors played a crucial role by providing methodological,
technical, capacity-building and funding support. In other
countries such as Indonesia, where interventions focussed on
community participation in forest management, it was necessary
to set up even broader stakeholder networks involving
universities, NGOs, government agencies at different
administrative levels, and local communities.
In general, interventions at multiple administrative and
geographic levels make the job of brokering a multi-stakeholder
process of research and decision making more complex and
time-consuming. Strong leadership, vision, flexible funding and
considerable institutional change are required. Nevertheless, a
broader ecosystem management approach, whatever its potential
benefits, is simply not practical if it becomes mired in costly and
protracted research and negotiation among stakeholders. In all
instances, it is essential to help communities quickly pinpoint
and alleviate immediate pressures on local livelihoods rather
than waiting to understand the full complexity of the
agroecosystem. This is the entry point for “integrating from
below”, for building the self-confidence and long-term capacity
of rural community groups and other stakeholders to diagnose
and solve problems of human health.
■
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Ecology of Mycotoxins in
Maize and Groundnuts
authorities. Radical solutions that take into account the needs
and conditions of developing countries are urgently needed.

David Miller and Wally Marasas
Exposure to mycotoxins present in food and feed crops has long
been recognised as a serious threat to human and animal health.
And, according to a 1996 United Nations report, “Freedom from
mycotoxins in food ... is an indicator of sustainable
development.” Nevertheless, the sheer pervasiveness of the
problem in developing countries, along with the cost of potential
solutions in a sea of competing priorities, has led to a certain
degree of pessimism on the part of agricultural and health

Mycotoxins are chemical substances naturally produced by a
modest number of species of fungi that grow on crops either in
the field or in storage. In sub-Saharan Africa, two important
crops are commonly contaminated: maize and groundnuts –
major food crops and cash earners for millions of small-scale
farmers. The best known of these chemical substances is
aflatoxin, produced by Aspergillus flavus, found in both maize
and groundnuts. More recently, fumonisin, produced by
Fusarium verticilliodes, was discovered in maize in southern
Africa. Exposure to these mycotoxins may occur simultaneously.
In animal studies, the effect of aflatoxin is promoted by the
concurrent presence of fumonisin. In humans, interaction
between the two toxins is not understood.

Multiple health risks

A magnified view of A. flavus
conidiophores and conidia.
Photo: ICRISAT.

The combination of aflatoxin with
hepatitis B and C is synergistic, raising more
than tenfold the risk of liver cancer compared
with each agent attacking alone.

The exposure of people and animals to aflatoxin and fumonisin
presents multiple health risks, both proven and probable
(Cardwell, 1999). Aflatoxin, which damages DNA, is the most
potent chemical liver carcinogen known. Many people in
developing countries are infected by hepatitis B and C which are
probably even more potent liver carcinogens. The combination of
the two agents, aflatoxin with hepatitis B and C, is synergistic,
raising more than tenfold the risk of liver cancer compared with
each attacking alone. Acute aflatoxicosis occurs in poultry,
swine, cattle and people. At lower but chronic exposures,
aflatoxin may damage the liver, lower appetite, promote
diarrhoea, inhibit growth and suppress the immune system.
Recent studies conducted in West Africa are shedding light on
the potential for aflatoxin-induced immune suppression in
humans.
Fumonisin interferes with critical lipid pathways affecting cell
function including the transport of critical vitamins such as
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For centuries, farmers in Central America reduced their exposure
to aflatoxin, knowingly or unknowingly, by treating their maize
with lye. Unfortunately, this procedure did not accompany maize
on its eventual journey to Asia and Africa and is in any case not
feasible where water is in short supply.
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folate. In laboratory animals, this toxin is a weak, non-DNAdamaging “complete carcinogen”, but it is a powerful cancer
promoter. While the effect of fumonisin on human health is
poorly understood, the presence of this mycotoxin was
discovered during studies of the exceptional rate of oesophageal
cancer in part of the Transkei. So, despite the lack of direct
evidence for a causal link, epidemiology studies associate
fumonisin with this type of cancer. And recent laboratory studies
suggest that fumonisin causes birth defects by damaging folate
receptors.
Mycotoxins can also harm human health in other ways. First,
domestic animals such as poultry and swine are very sensitive to
aflatoxin and deoxynovalenol, respectively. The presence of
these toxins in the poorest-quality leftover grain, which farmers
feed to their livestock, reduces animal productivity and therefore
the family food supply. The resulting protein-energy malnutrition
increases disease prevalence, further undermining people’s
ability to cope with mycotoxin exposure. Second, the loss of
income from lower animal production leads to greater poverty,
thus reinforcing the conditions conducive to poor human health.

Urgent action by researchers is needed on several fronts:
Observation of human diets in high-risk communities, to
assess levels, seasons and sources of exposure to mycotoxins;
● Evaluation of health impacts of mycotoxins, particularly in
food-insecure communities that depend on degraded soils for
sustenance;
● Definition of social and economic structures that
differentially expose one or more sub-groups to mycotoxins;
● Studies of soil ecology with a view to preventing mycotoxinproducing fungi from invading crop roots.
●

Because the poor rarely have
the luxury of diversifying their diets,
their exposure to mycotoxin-laden
crops is often greater
than that of the reasonably well-off.

Contributing factors and research priorities
Improper storage is understood to enhance mycotoxin
concentrations in maize and groundnuts. Evidence suggests that
in sub-Saharan agroecosystems, mycotoxin-producing fungi in
the soil invade plant roots, particularly when the host plant is
stressed by short-term drought. Soil degradation, inappropriate
farming practices and choices of crop varieties may affect the
quality of the subsequent crop.

The presence of mycotoxins
in the poorest-quality leftover grain, which
farmers feed to their livestock,
reduces animal productivity and therefore
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the family food supply.
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There are indications that poor rural people who consume stored,
homegrown maize and groundnuts are among the most affected.
Crops handled by government agencies may be better inspected
and thus safer for consumption. In some cases, farmers sell their
high-quality produce, keeping mycotoxin-contaminated
food for their own consumption. Furthermore, because the poor
rarely have the luxury of diversifying their diets, their exposure
to mycotoxin-laden crops is often greater than that of the
reasonably well-off.
In 1997 and 2001, the Joint Expert Committee on Food Additives
published evaluations of aflatoxin and fumonisin, respectively.
This is a committee of the World Health Organization and the
Food and Agriculture Organization of the UN, and decisions of
JECFA are referenced by the World Trade Organization.
According to JECFA, nearly all Africans would for some or all
of their lives be exposed to aflatoxin levels known to affect
population health. Again in Africa, the average exposure to
fumonisin is estimated to exceed the tolerable daily intake and
for about 10% of the population it is exceeded by three times.
No estimate was made of the effect of concurrent exposures.

While we think we know what tolerable levels are, in Africa there
is no meaningful possibility of achieving them in the near term.
So a further priority is to determine what interventions are
necessary to make an intolerable situation better.
In the decade from 1985 to 1996, IDRC made important
contributions to a number of technical and policy-development
initiatives on mycotoxins in developing countries. These
included collaborative R&D in China and significant multilateral
policy work on mycotoxins in Southeast Asia (with Australia), in
South America (with the International Maize and Wheat
Improvement Center), and in Africa (with Denmark). These
initiatives have created national capacity and helped to foster the
development of key research efforts among researchers in many
countries.
Other projects have also been funded and are under way. They
include a critical study of the impact of aflatoxin on infectious
disease, supervised by Chris Wild at Leeds University and Kitty
Cardwell, formerly of the International Institute of Tropical
Agriculture; studies of analytical methods for mycotoxins
developed by Maya Pinereo (FAO); and a project to understand
the factors that affect the formation of fumonisin in maize,
involving researchers all over the world, including David Miller’s
group at Carleton University. We are looking for resources to do
critical studies on birth defects and oesophageal cancer in South
Africa and develop effective interventions.
■
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Ecuador: Pesticides,
Health and Changes in
Potato Technology
Health/agroecosystem links
How do pesticides affect the health of farm families who grow
and eat potatoes? What are the effects of pesticide-related
behaviour in the household? Can health be improved and
agricultural productivity maintained by training farmers to
handle pesticides more safely and use integrated pest and disease
management techniques?

Research organisations
Instituto Nacional Autónomo de Investigaciones Agropecuarias
(INIAP), Ecuador; International Potato Center (CIP); McMaster
Institute of Environment and Health (MIEH), Canada;
Programme for Appropriate Technology in Health (PATHCanada); University of Montana, USA.

Background

Project description
This research covers the health component of a major ecoregional
project by CIP, INIAP and the University of Montana. That
project has developed and tested a multidisciplinary model, based
on Andean potato farming, for integrated assessment of the
sustainability of agricultural production systems. Field-based
surveys of crop production, household practices, poverty levels,
dietary habits and the nutritional status of farm family members
generated the necessary information for the model. The model
quantifies how farmers’ methods and decisions (such as those
related to pesticide use) affect crop productivity, farm incomes,
the environment and human health. Then, using statistical
techniques, it aggregates those effects at the regional level for
policy analysis – for example, to decide on pesticide subsidies or
disincentives, or to formulate extension strategies. The project’s
conceptual framework makes it possible to link results from
individual disciplines, thereby producing “second level” results
from the combined analysis.

The health component of the research focusses on 40 farm
families in two micowatersheds of Carchi, taking into account
gender differences. It attempts to answer several questions. First,
do differences in food preparation methods, diets and other
household practices affect neurobehavioural function? Second,
can participatory programmes for men and women change potato
production and household management methods in a way that
decreases pesticide exposure, thereby improving health? Third,
what are the tradeoffs between human health, food production
and environmental protection in the broader region? Finally, how
would safer use of pesticides and integrated pest/disease
management affect those tradeoffs?

Results and conclusions
Exposure to pesticides has serious adverse effects – neurological
and skin-related – on local human health. In turn, health
disorders undermine farmers’ ability to make efficient farming
decisions. Farmers with higher neurobehavioural scores had
lower production costs per hectare and thus higher productivity,
consistent with better managerial capacity. Farmers would be
both healthier and more productive if use of the pesticide
carbofuran were reduced. Productivity gains from improved
health outweigh losses from reduced pesticide use.
Males are exposed to pesticides mainly through preparing and
applying pesticides in the field. For women, exposure occurs
mainly in and around the home where pesticides are often stored
and where work clothes impregnated with pesticides are washed.
Exposure of children is mostly accidental – for example, when
they are helping their parents. Children age 5 and younger are the
age group with the highest number of hospital-treated cases of
pesticide intoxication. Pesticides are also used frequently by
other household members in suicide attempts. As pathways of
pesticide exposure differ according to gender and age, the project
has tailored protection strategies to each group at risk.
Tradeoff analysis suggests that safer pesticide handling and
use of IPM to cut carbofuran use could reduce the pesticide’s
adverse health effects by 50% or more without reducing potato
production. A key policy implication is that education and
extension programmes are less costly than taxes on pesticides as
a way to reduce the health burden of pesticide use and make the
ecosystem more sustainable.
■
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In the Andean valleys of Ecuador’s Carchi Province, about 8,000
growers account for 40% of national potato production. They are
among the country’s heaviest pesticide consumers. Using
backpack sprayers, they apply methamidophos and carbofuran to
control foliage-damaging insects and the tuber-damaging larvae
of Andean weevils. Two fungicides, maneb and mancozeb, are
also widely used to combat late blight.
Earlier Canadian research linked to this project revealed that
pesticides were applied an average of seven times during crop
growth. It also showed that farm people had significantly more
nervous-system disorders, such as impaired motor skills, than
non-farmers. Skin disorders were also common. The pesticide
poisoning rate of 171 per 100,000 population was similar to the
highest rates recorded elsewhere in the developing world. Direct
skin contact with pesticides during mixing, leaky sprayers and
lack of protective clothing during application explain some of the
health problems. However, different factors may account for ill
health in other members of the farming community. These
include contamination from pesticide residues on potatoes
prepared and eaten in the home, as well as household storage of
pesticides and washing of work clothes.

Florescent dye on a person’s hands reveals traces of pesticide.
Exposure has serious adverse effects, both neurological and skinrelated, on potato farmers in Ecuador. Photo: CIP.

Report contributors: Donald Cole (MIEH) and Charles Crissman (CIP).
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The rectangle near the
map’s centre indicates the
methylmercury study
area along the Tapajós River.

Brazil: Mercury Poisoning
in the Amazon
Health/agroecosystem links
What role do gold mining, crop-related deforestation and soil
erosion play in methylmercury contamination of fish in the
Brazilian Amazon and poisoning of local people who eat fish?
What ecosystem management practices might reduce overall
levels of mercury in the environment?

Research organisations and partners
Université du Québec à Montréal (UQAM), Canada; Federal
University of Pará, Brazil; Federal University of Rio de Janeiro,
Brazil; the Grupo de Defesa da Amazônia, Brazil; the Biodôme
de Montréal, Canada.
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Background
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The presence of mercury in the food chain and its absorption by
people are universally recognized as health hazards. Once
mercury is released into rivers, lakes and other aquatic
environments, bacteria can transform the mercury into its organic
form, highly toxic methylmercury. In this form it can be absorbed
by aquatic fauna, increasing in concentration (biomagnifying) as
it moves up the food chain to fish and then to humans.
One of the best known cases of methylmercury poisoning was
discovered in 1956 in communities near Minamata Bay, Japan,
where mercury discharged from a chemical plant accumulated in
fish. Thousands of people who lived in the area and ate fish and
shellfish from the bay developed what came to be known as
Minamata Disease.
A number of studies have reported on mercury contamination
of fish in some rivers of the Amazon. People who live along
those rivers and depend on fish for a major part of their diet have
relatively high levels of mercury in their hair, an indicator of
mercury exposure. For years, the use of mercury to extract gold
from river sediment and soil, a method still in use, was thought to
be the source.

Project description and results
Concerned about the effects of mercury on human health in the
Amazon, scientists from the Federal University of Pará and
UQAM teamed up in 1994 to explore the problem further. Their

focus was Brazil’s Tapajós River, where thousands of miners
have panned for gold over the last 30 years. In the following six
years, understanding of the behaviour and toxicity of mercury in
Amazonian ecosystems increased. Now researchers are turning
their attention to ecosystem approaches to reducing exposure to
this heavy metal.
To determine mercury levels, the team collected and analysed
water, river sediment and soil at intervals along the river, starting
at gold mining sites and ending hundreds of kilometres away.
They also analysed hair, blood and urine samples from fishconsuming villagers who live near the river and conducted simple
co-ordination and visions tests to determine the health impact.
The researchers expected mercury levels to drop as distance
increased from mining sites. Instead, concentrations were
relatively constant along the Tapajós River, even hundreds of
kilometres downstream from the sites. Thus, the scientists
suspected another major source of mercury.
Analysis of riverbed sediments, sampled in half-centimeter
increments, showed the most recent layers contained 1.5 to 3
times more mercury than layers deposited 40 years ago. This was
true even of sediments 400 kilometres downstream of the gold
mining sites. Sampling and analysis of nearby soils revealed high
mercury concentrations throughout the soil profiles, down to a
depth of 1 metre. The researchers concluded that deforestation
had allowed rain to erode the surface layers of the watershed’s
soil, followed later by erosion of deeper strata. Indeed, in some
areas along the Tapajós River, up to 15 centimetres of soil have
been lost. Further study revealed that subsurface leaching of
mercury from the land to the river also contributes to mercury
accumulation in the aquatic environment. Deforestation and the
whole process of erosion have led to the transfer of high mercury
loads from the land to the aquatic ecosystems. Finally, the
researchers now suspect that mats of floating macrophytes (large
aquatic plants) are key sites of transformation of inorganic
mercury into the toxic methylated form.
The explanation of mercury contamination based on
deforestation and soil erosion is consistent with the recent
history of the Tapajós River basin. Some 40 years ago,
immigrants from northern Brazil began colonizing the area
beside the river. They slashed and burned the trees in preparation
for cropping and other activities.
Hair samples from adults in the village of Brasilia Legal
contained an average of 15.9 parts per million (ppm), well below
the threshold considered safe by the World Health Organization.

The WHO threshold of 50 ppm is based on the lowest level at
which previous studies have reported the first clinical signs of
mercury poisoning in adults. Further tests on the villagers
showed, however, that their co-ordination, manual dexterity and
certain visual functions had declined. The researchers concluded
that mercury can damage human health even at levels well below
accepted international safety standards. Testing also revealed that
the mercury levels in people were highest during the rainy season
when lots of large carnivorous fish were available.
Researchers are working with local people, including a
women’s group in Brasilia Legal, to design and implement
intervention strategies. One set of activities, including study of
the links between fish diet and mercury content of hair, aims to
reduce the consumption of fish with high mercury content (see
text below). For example, there are a number of species of edible
herbivorous fish that could be promoted for human consumption.
Other work focuses on identifying possible sites and mechanisms
of mercury methylation in the Tapajós River. Limiting the
proliferation of patches of floating macrophytes, through
shoreline forest conservation and restoration, is one strategy
under investigation.

Future directions
Over the longer term, the project team hopes to scale up both
research and interventions to the regional level. Proposed
activities aim to shift family agricultural practices toward better
land management to protect and restore these important
Amazonian ecosystems and improve the quality of life of the
region’s poor farmers.
■
Report contributors: D. Mergler and M. Lucotte (UQUAM), R. Davidson
(Biodôme de Montréal). Further information: http://www.unites.uqam.ca/cinbiose/;
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www.idrc.ca/media/mercurypoisoning_e.html.

“Eat fish that
don’t eat other fish”

After a workshop and discussion, the villagers agreed on a short-term
solution. People would alter their diets to reduce mercury absorption
but still maintain fish consumption. “Eat fish that don’t eat other fish”
became the slogan since mercury levels are lowest at the bottom of the
food chain.
In 2000, hair samples provided by 45 people from the original 1995
group were analyzed for mercury. The results were highly encouraging:
hair mercury levels had decreased by more than one-third. While people
were eating exactly the same amount of fish, they had reduced the
proportion of carnivorous species in their diet.

Health/agroecosystem links
How does HIV/AIDS affect food production and security,
agricultural labour patterns, and agroecosystem management in
African countries hit hardest by the epidemic? How and where is
food insecurity leading to further spread of HIV infection? What
importance should national agricultural R&D institutions accord
to the links – in both directions – between HIV/AIDS and
agriculture? In which types of agroecosystems are people’s
livelihoods most at risk? What can R&D institutions do to
support local responses to the emerging threats?

Research organisations
International Service for National Agricultural Research
(ISNAR); Institute of Tropical Medicine, Belgium; agricultural
R&D and public health organisations in Malawi, Tanzania and
Uganda; other selected research institutions within and outside
the region.

Background
There is growing evidence that, without decisive action,
HIV/AIDS will reverse human development gains achieved in
recent decades in parts of sub-Saharan Africa. Infection rates are
increasing faster than expected just a few years ago. In at least
seven countries – Botswana, Lesotho, Namibia, South Africa,
Swaziland, Zambia and Zimbabwe – 20 percent or more of adults
are now infected with HIV. Once concentrated in towns and
cities, infection is now widespread in rural areas and more
prevalent among African women than men. AIDS and its
associated diseases, especially tuberculosis, are now the leading
causes of both adult and child deaths in Africa.
AIDS affects many aspects of rural life. In severely affected
agricultural areas, there is evidence of declining labour
availability as people fall ill and die and as family members,
particularly women, devote more time to caring for the sick.
Family finances are under severe pressure since assets often have
to be liquidated to pay for medical and funeral expenses. And as
sick family members return to villages from the cities to be cared
for by their families, there is an added burden on rural
households. In some cases, children are removed from school to
make up for farm labour shortages.
AIDS degrades agricultural systems, impoverishes those
whose livelihoods depend on them, erodes the agricultural
knowledge base, and shifts survivors’ farming behaviour to
shorter-term objectives. The epidemic’s spread is exacerbated by
food insecurity and by the inability of rural people to make a
living where they live. One common response is to leave the
home community in search of work. Particularly when they move
alone, migrants are often at increased risk of HIV infection.
Once infected, they may in turn increase the risk for others in the
areas into which they move. Chronic rural unemployment and
insecurity may also contribute to attitudes that favour risky
sexual behaviour. Diversification of livelihood opportunities in
and around agriculture may help reduce vulnerability to HIV
infection. Conversely, agricultural production and development
that induce people to migrate may inadvertently increase this
vulnerability.
AIDS is now widely viewed as a developmental crisis, yet the
capacity to act lags behind. A few organisations have supported the
coping strategies of AIDS-affected households – for example, by
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Since 1994, villagers from the town of Brasilia Legal have actively
participated in the IDRC-funded study of mercury on the Tapajós River.
In 1995, about 100 people provided hair samples for mercury analysis
and underwent testing for nervous system functions. Although hair
mercury levels were below those considered “safe”, results showed
dose-effect relations, with fine motor movements and vision decreasing
with increasing mercury levels.

Eastern and Southern Africa:
AIDS and Food Security
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Project objectives and methodology

Blood samples are prepared for HIV testing at a medical microbiology laboratory in Kenya. Previously concentrated in towns and
cities, AIDS and HIV infection are now taking a heavy toll on rural
communities in Eastern and Southern Africa. A new study led by
ISNAR aims to help national agricultural research organisations
cope with the problem. IDRC photo: Gerry Toomey.

providing lighter farm implements that can be handled by women
and children. However, most agricultural R&D organisations in
the region have been slow to respond. The toll that AIDS is taking
on these organisations’ own staff further limits their responses.

The overall aim of this recently launched project is to prevent and
mitigate the impact of AIDS on agricultural systems and on the
livelihoods of those who depend on them. The research will help
fill critical gaps in current knowledge of the reciprocal links
between HIV/AIDS and agricultural development and how
agricultural R&D institutions are responding to the problem. It
will enable such institutions to set and act on realistic priorities for
response, in collaboration with communities and other partners.
The research strategy is based on a layered framework of
analysis that supports research priority setting at various levels. The
project results should help agricultural research organisations
address a number of interrelated questions: Is the actual or potential
impact of AIDS within the institution’s mandated area sufficiently
great to warrant taking AIDS into account? If so, what level of
resources should be allocated to the problem? In light of local
disease prevalence and other factors, which specific agricultural
systems should be targeted and with what type of assistance?
The project will focus initially on three severely affected
countries: Malawi, Tanzania and Uganda. Country teams, drawn
from key agricultural R&D and public health institutions, will
conduct research (literature reviews and field studies) to
characterise and analyse the impact and response aspects of AIDS.
They will then work with concerned agricultural R&D institutions
in the participating countries to transform the findings into
priorities for action. The teams will share information and lessons.
A group of experts from within and outside the region, working in
agricultural and public health research and in R&D planning and
management, will support the teams.
■
Report contributor: Michael Loevinsohn (ISNAR).

Kenya: Agroecosystem Management for
Community-Based Malaria Control
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Health/agroecosystem links
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How does rice irrigation affect human health? What are its links
with domestic water supply and sanitation? Can new options for
water and livestock management cut malaria transmission?
Which types of intervention are socioeconomically feasible?

Research organisations and partners
CGIAR Systemwide Initiative on Malaria & Agriculture;
International Centre of Insect Physiology and Ecology (ICIPE);
International Water Management Institute (IWMI); World Health
Organization Panel of Experts on Environmental Management
for Vector Control (PEEM); College of Agriculture and
Veterinary Sciences, University of Nairobi, Kenya; Kenya
Agricultural Research Institute (KARI); Division of VectorBorne Disease (DVBD), Ministry of Health, Kenya; National
Irrigation Board (NIB), Kenya; Kenya Medical Research
Institute (KEMRI).

Background
Every year, malaria kills around two million people, 90% of
them in Africa. About three-quarters of Africans live in areas of
highly endemic but stable transmission. Another 18% inhabit
areas where malaria transmission is seasonal and unstable. The
latter areas are particularly vulnerable to deadly epidemics.

Malaria control has centred on two strategies: treating sick
people with drugs that target the plasmodium parasite, and using
insecticides to eliminate the vector mosquitoes. These methods
are not only very expensive for most African countries, but also
increasingly ineffective as mosquitoes and malaria parasites
continue to build resistance to insecticides and drugs
respectively. The risk of environmental damage from insecticides
is also a growing concern.
As demand for rice grows in Africa, so does the proportion of
cultivated land brought under irrigation. These schemes provide a
favourable breeding habitat for malaria-bearing anopheline
mosquitoes. In a recent survey to assess the knowledge and
perceptions of farmers in a rice irrigation scheme, all 104
families interviewed ranked malaria as their main health problem.
The deteriorating malaria situation in many African
communities urgently demands new lines of attack to complement
existing control measures. Farm-level strategies for managing
water and livestock have the potential to lessen human exposure to
mosquitoes while making the ecosystem more sustainable.

Project description
This 11/2-year project aims to improve the health and economic
well-being of communities in irrigation schemes. It will do this
through the design of improved agroecosystem management

Report contributors: B. Knowls and C. Mutero (ICIPE).

An anopheles mosquito,
transmitter of malaria.
Using pesticides to control
mosquitoes is expensive and
harmful to the environment.
Moreover, insects continue
to build resistance.
IDRC photo: P. Wijeyaratne.

Thailand: Shifting Cultivation
and Health of Karen Hill
Tribe Families
Health/agroecosystem links
How do shortened fallow periods in shifting cultivation affect
soil fertility, rice productivity, food supply and consumption?
What is the link between management of this agroecosystem and
farm families’ nutritional status?

Research organisations
International Centre for Research in Agroforestry (linked to the
CGIAR Alternatives to Slash and Burn Initiative); Chiang Mai
University Department of Pediatrics, Thailand; University of
British Columbia Department of Forest Sciences, Canada.

Background
The Karen and Lua hill tribe farmers of northern Thailand have
practised shifting cultivation for centuries. They clear forest plots
by slashing and burning, plant crops such as upland rice for a year
or two, then abandon the land. Traditionally, the fallow period was
a decade or more, allowing land to regain fertility. In recent
decades, though, population growth, natural resource policies and
changes in land tenure have resulted in much shorter fallow
periods – in some instances less than six years. There are fears
that the new production cycle threatens soil fertility, upland rice
productivity and food supplies. In 1992, local Thai authorities
reported, for example, that only about 50% of minority hill tribe
families in Mae Chem District had a sufficient rice supply.
Switching from slash-and-burn to permanent rice paddy farming
also presents problems. These include environmental and health
hazards from agrochemicals, increased production costs, and
potential loss of plant biodiversity in fallow fields.

Project description
The project is investigating links between ecosystem management
under shorter-follow production and the health of the Karen
farmers in the village of Mae Hae Tai, Mae Chaem District. The
4,000 square kilometre watershed of Mae Chaem is a benchmark
site for the System-Wide Alternatives to Slash and Burn Initiative
of the Consultative Group on International Agricultural Research
(CGIAR). The researchers are examining rice productivity, food
supply and consumption, taking into account the special role of
women as gardeners, food collectors and preparers. Links between
rice productivity and soil fertility are also being analysed. Health
workers are assessing the nutritional status of local families, who
in turn participate in data review and help design interventions to
solve health and ecological problems. Resulting indicators of
health and ecological status will allow researchers to assess and
compare conditions in other communities, including those
involved in long-fallow and permanent (as opposed to shifting)
agriculture. Their findings will support Thai policy making in the
areas of land use transformation and health promotion in the
country’s northern watersheds.

Results* to date, preliminary conclusions,
future directions
Under the health component of this three-year project,
researchers assessed about 100 Karen people, half of them
adults, half of them children. Results showed all of the children
were at risk of vitamin A deficiency. The prevalence of anaemia
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practices that also reduce malaria and other health risks. The
research will contribute to the development of an agroecosystem
intervention model that can also be used elsewhere in Africa.
The research results will feed into the design of farm-based
malaria control measures which will be assessed for their social
and economic feasibility before being promoted. The measures
focus on two strategies: water management (for example,
intermittent irrigation) and the use of livestock (particularly
cattle) to divert blood-seeking mosquitoes away from people.
Cattle are dead-end hosts for malaria parasites. However, since
opinions differ about the exact role of livestock in malaria
transmission, the researchers will first attempt to clarify this link.
Researchers are conducting their core studies within the
Mwea Rice Irrigation Scheme, about 100 kilometres northeast of
Nairobi, Kenya. Nearly half the settlement’s 13,640 hectares is
used for paddy farming, while the rest is devoted to subsistence
farming, grazing and communal activities. The tenant
population, dispersed in 36 villages, comprises 3,100 families.
Malaria transmission in this area is low but stable, with a parasite
prevalence of less than 20%.
Researchers have begun the work with a health risk
assessment aimed initially at determining whether rice irrigation
increases or decreases health risks. This study takes into account a
variety of socioeconomic, environmental and institutional factors.
The main ones are age, sex, education, occupation, income,
religious and cultural affiliation, family size, nutritional status,
water management practices, location, and the role and
effectiveness of public health agencies. In parallel, the researchers
are documenting and assessing the mixed crop and livestock
production systems of the Mwea Scheme. Their aim is to identify
opportunities for enhancing nutrition and income generation.
Malnutrition generally lowers people’s immunity to disease,
including malaria. In the Mwea region, the staple diet of cereals is
rich in calories but deficient in essential micronutrients available
in livestock products, grain legumes, vegetables and fruits.
More efficient use of local resources could enhance the
productivity and sustainability of the crop/livestock production
system. Farmers would thus have a good mix of consumables,
cash and further inputs for the farm enterprise such as draught
power and manure. Having cattle near households may not only
help divert mosquitoes away from people and provide animal
protein but also contribute significantly to an increase in homegarden production.
Mwea villagers will contribute to all phases of the research,
from data gathering and analysis, to design and implementation of
action plans. Participatory rural appraisal methods will be used
throughout the project. Since women are often more vulnerable to
environmental hazards than men, yet have less decision-making
power over the domestic environment, much of the research
project’s data gathering and analysis will be gender-specific.
■

29

among children was 15% but this was not due to vitamin B12
and folic acid deficiencies, nutritional factors often associated
with anaemia. (Vitamin B12 deficiency is common in
vegetarians; the children in the study group, however, were all
non-vegetarians.) Low iron reserve was observed in 63% of the
children. Based on weight-for-age, nearly all the Karen children
examined were classified as malnourished, though not severely.
In addition, more than half had parasitic infections. Among the
49 Karen adults assessed, only a few were obese, whereas about
one-fifth, mostly women, were underweight.
Ecological field studies of crop productivity and the role of
nutrients in forest-fallow shifting cultivation revealed an average
upland rice yield of about 1 ton per hectare for the1999 cropping
season. Rice productivity, however, is subject to year-to-year
fluctuations due to the spatial variability of soil fertility in
shifting cultivation fields and to local climate. During the sixyear rotation (one year of cropping, followed by five years of
fallow), soil changes included an increase in soil organic matter
and total nitrogen due to the addition of litterfall, but a decline in
pH, available phosphorus, extractable potassium, calcium and
magnesium due to the diminishing effects of ash. Standing tree,
shrub and herb biomass increased gradually over the fallow
period. The second-year rice experiment with fertiliser trials
revealed that nitrogen and phosphorus were the two most
deficient nutrients in the system.
The current fallow period of five years appears long enough
to maintain annual rice yields. However, any further reduction

could threaten soil fertility and thus the relative sustainability of
the system. The reduced duration of fallow (compared with a
fallow period twice as long in some neighbouring systems of
shifting cultivation) has resulted in a substantial drop in the
biomass of fallow fields. It also threatens the survival of some
tree species found in the late stages of longer fallows.
The results show shifting cultivation has provided stable rice
production over the years. However, rice is low in protein and the
observed malnutrition among Karen children may be due to
insufficient consumption from other food groups. It is a common
hypothesis among development workers that longer fallows
supply non-rice products that may be nutritionally important.
A next step is to determine rice deficiency/sufficiency by
assessing consumption at the household level. Researchers
will also examine whether malnutrition is worse under shortversus long-cycle systems and whether major shifts in food
sources have resulted from this change in production.
Other local food sources, such as wild and domestic animals
and plants, will be studied to determine their nutritional
contribution to local diets.
■
Report contributors: D. Thomas (ICRAF), P. Tienboon (Chiang Mai University),
P. Wangpakapattanawong (University of British Columbia).
* Health-related results are unpublished data from the ECONUT Project,
Chiang Mai, Thailand.

Peru: Health, Biodiversity and
Natural Resource Use on the
Amazon Frontier
Health/agroecosystem links
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How do the hydrological cycle, market access, ethnicity and the
use of natural resources in slash-and-burn farming, fishing,
cattle ranching, oil palm production, hunting and gathering
influence food availability, disease levels and the nutritional
status of local people?
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Research organisations and partners
International Center for Tropical Agriculture (CIAT); Ucayali
Ministry of Health, Peru; Universidad Nacional de Ucayali
(UNU); Instituto de Investigaciones de la Amazonia Peruana
(IIAP); Asociación de Mujeres Campesinas de Ucayali
(AMUCAU); Federación de las Comunidades Nativas de
Ucayali (FECONAU); Organización de Mujeres Indigenas de la
Amazonia Peruana (OMIAP), Peruvian Ministry of Fisheries
(DIREPE); Universidad Peruana Cayetano Heredia (UPCH);
Instituto de Investigación Nutricional (IIN); British Institute of
Tropical Medicine, University of Liverpool; Programme for
Appropriate Technology in Health (PATH Canada); University of
Guelph, Canada; University of Waterloo, Canada.

Background
The Ucayali Region of the Peruvian Amazon is home to 370,000
people and covers 100,000 square kilometres. In the 1940s a
road was built between Lima and the city of Pucallpa on the
Ucayali River, a major tributary of the Amazon. This hastened

Beyond abstraction. A Peruvian child gets a close-up view
of water-borne parasites. Photo: Tamsyn Murray.

settlement of the region. Now, about 80% of the population lives
either in Pucallpa or along the road to the capital.
Despite Ucayali’s rich biological diversity, remote
communities struggle to meet basic needs. They also face a
barrage of nutritional and health problems. With an estimated
two-thirds of rural households living in absolute poverty, human
deprivation is the norm here, not the exception. Chronic
malnutrition affects over half of rural children under 5. Anaemia
and vitamin A deficiency are widespread and cases of malaria,
dengue fever and persistent diarrhoea are on the rise. People in
the region make a living from a mix of enterprises: cropping,
fishing, logging, ranching, plantation operations, hunting and
gathering. While it is widely accepted that slash-and-burn
farming and unregulated logging accelerate deforestation, it still
isn’t clear how these diverse livelihood strategies affect

household health and income, or whether health and earnings are
related. Yet, answers to these questions underpin the design of
viable development options for the people of this vast region of
forest margins.

Project description
Ucayali is a benchmark site for the Alternatives to Slash and Burn
Initiative of the Consultative Group on International Agricultural
Research (CGIAR). It provides a valuable opportunity to
understand a complex natural and human environment from an
agroecosystem perspective. Research findings here may also have
applications in other forest margin areas. The research is
participatory and interdisciplinary, drawing on local knowledge
as well as scientific expertise in nutrition, health, anthropology,
agronomy, natural resource management, fisheries, forestry,
ecology, rural planning and economics. The underlying
conceptual framework, developed during earlier studies in
Ucayali, is referred to as the adaptive methodology for ecosystem
sustainability and health, or AMESH for short.
The project team spatially mapped the mix of ecological
resources available to the rural population and conducted
household surveys to define food production, consumption and
family income patterns. In addition, basic mortality and
morbidity rates were measured. This work included field tests for
anaemia, parasitic infections and water quality. The research has
involved 345 families in eight communities, representing a crosssection of production strategies, ethnicity, ecosystem types and
market accessibility. Work was timed to record seasonal
variations in production and food availability due to the annual
hydrological cycle and the 8 to15 metre rise in river levels. Using
three time periods and data sets, researchers analysed cycles of
food production and availability, disease outbreaks and nutrient
intake. This allowed for more targeted and effective interventions.
In addition, the research team used participatory methods to
explore the role of local beliefs and knowledge in the selection of
food and treatment of illnesses and to identify community health
priorities. This information was used to formulate local
definitions and indicators of health that aided development of
community action plans and evaluation of Ministry of Health
rural programmes.

Results, conclusions and interventions

by parasitic infections due to poor water quality and sanitation
caused by flooding. Food security and nutrition are therefore less
of an issue than poor health status. In the upland terraces, high
fish prices, scarcer game and longer cropping periods lead to
seasonal food insecurity each year. Development initiatives need
to accommodate such differences.
Finally, extensive and diversified patterns of resource use,
although recommended, will eventually fail if there is no
landscape-level mechanism to regulate and monitor communal
resources. On the Amazon frontier, the absence of government
and non-existent or precarious land ownership result in an
institutional and political vacuum. In addition, physical
demarcation of land on the flood plain is often impossible due to
changing river configurations. To maintain human health and the
ecosystems that support people, an institutional, political and
legal framework is needed – one that avoids narrow sectoral
approaches and top-down management. Community-based
management is one option for allowing different user groups to
jointly negotiate long-term plans for sharing resources.
The project team is working with communities and health
officials to design local action plans. These centre on
interventions such as health and nutrition education
programmes, testing inhabitants for parasites and anaemia, water
purification, small-scale food production projects, and the
introduction of improved hygiene and sanitation.
Besides generating useful data, the project’s participatory
methods stimulated community involvement in health
improvements. For example, the impact of having mothers, fathers
and children view their own parasites through a microscope far
surpassed the information value of stool sample analysis. Parasites
were no longer an abstract concept discussed only by Ministry
of Health professionals; they became real aspects of villagers’
daily experience with poor water quality and diarrhoea. In each
community, villagers were immediately mobilised to find
solutions to water contamination and parasite transmission.
At the regional level, project results are helping the Ministry
of Health to adjust its health and nutrition programmes. An
interdisciplinary course on ecosystem approaches to human
health is also being designed for the National University of
Ucayali.
■
Report contributors: Tamsyn Murray (CIAT) and David Waltner-Toews
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Based on 18 months of fieldwork and initial data analysis, the
researchers reached several conclusions. First, health is
multidimensional. Ecological factors, resource diversity and soil
fertility influence natural resource use patterns; these in turn
affect nutrition and food security. Changes in vector habitats and
water quality affect disease transmission. Economic factors such
as labour supply, distance from markets, and access to credit
influence income and access to health and educational services.
Cultural differences among colonists affect social cohesion in
young settlements, and lack of appropriate local knowledge
undermines their ability to exploit the diverse resources available
to them. Further analysis will determine which factors, or
combination of factors, are most important to human health.
Second, the ever-changing ecology of the flood plain and
upland terraces, as rivers flood and recede, dictates patterns of
human migration, disease, nutrition, food security and resource
use (as in fishing, hunting and agriculture). Interventions to
promote sustainable resource use for better health and nutrition
should take advantage of annual flooding rather than being
drowned economically by it.
Third, the issues facing different groups vary considerably.
For example, families living in the flood plain benefit from an
abundant supply of fish and game, yet their health is undermined

Fishing on the Ucayali River. In the Peruvian Amazon, the cycle of
river flooding and receding waters strongly influences human
health, migration and the availability of food such as fish, game, wild
plants and cultivated crops. Photo: Tamsyn Murray.

(University of Guelph).
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Sri Lanka: Agroecosystem Management for Human
Health in the Uda Walawe Irrigation Scheme
Health / agroecosystem links
How do changes in agricultural water management and cropping
patterns affect the breeding of disease-bearing mosquitoes, the
availability of water for domestic uses, and the need for
agrochemicals? What management options can make the use of
water for agriculture more efficient while protecting human
health and the environment?

Research organisations and partners
International Water Management Institute (IWMI); Mahaweli
Economic Agency, Sri Lanka; Regional Agricultural Research
Center, Department of Agriculture, Sri Lanka; Anti-malaria
Campaign (AMC), Sri Lanka; University of Peradeniya, Sri
Lanka; Brace Centre for Water Resources Management, McGill
University, Canada.
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Ironically, the use of irrigation to produce enough food for basic
human health and nutrition has often intensified other threats to
health. These include increased transmission of malaria, Japanese
encephalitis and schistosomiasis. In many irrigated areas,
pesticide poisoning is also a big problem due to high pesticide use
without the necessary safety precautions. Drinking water can be
affected when irrigation systems are rehabilitated. For example,
when canals are lined, there if often less recharge of shallow
wells, leading to an increase in cases of gastrointestinal disease.
Irrigation schemes can also affect regional water balances and
sometimes have unintended ecological repercussions
downstream, such as destruction of wetland biodiversity.
At the same time, irrigation development can help improve
health. In many parts of the world, including Sri Lanka, irrigation
canals and other structures are important sites for bathing and
doing laundry, thus enhancing hygiene. As emphasis in the
irrigation sector shifts from building large new schemes to
rehabilitating existing ones, there are opportunities to design
changes in irrigation management that promote both human
health and sustainable food production.
Women are the main providers and managers of domestic
water in most rural areas of the developing world and play a major
role in agriculture. However, irrigation still tends to be a maledominated activity. Irrigation policies and practices that neglect
the key role of rural women in water use and management may
pose unnecessary risks to overall family health and place a
disproportionately large burden of illness on women and children.
In 1963, the Sri Lankan government launched the Uda
Walawe Irrigation Scheme in the country’s south. About 15,000
hectares in the Walawe River basin have been developed. A key
aim of the Mahaweli Authority of Sri Lanka (MASL), which
controls the scheme, is to use water more efficiently so that a
further 6,000 hectares can be brought under irrigation. The
strategy centres on rehabilitating canals, managing water better
and introducing non-rice field crops that need less water.
Recognising the need for a broad perspective on ecosystem
management, MASL asked IWMI in 1997 to help assess options
for better water management at three levels: farm, irrigation
system and basin. With support from the Japanese Bank for
International Cooperation and the Council of Agriculture and
Irrigation Associations of Taiwan, IWMI began research on drip
irrigation for bananas, alternate wet and dry irrigation (AWDI)

technology for rice, and the water balance at the basin level.
While crop diversification and intensified production through
irrigation can alleviate poverty, environmental and human health
problems also need to be addressed. For example, the resurgence
of malaria and numerous cases of pesticide poisoning have
alarmed both community members and public health officials in
recent years. Such problems have raised questions about the
sustainability of the whole irrigation enterprise. With IDRC
support, the research project is therefore also examining health
and environmental issues to identify options for improving
human health in the Uda Walawe Irrigation Scheme.

Project description
The hypothesis of the health research component of the overall
project is that irrigation management can be altered to improve
human health, with minimal impact on agricultural performance.
AWDI technology, for instance, can help control mosquito
breeding in rice fields while conserving water. Similarly, IPM
could lessen farmers’ dependence on pesticides. This might not
only improve agricultural productivity and alleviate groundwater
pollution, but also cut the number of suicides related to easy
access to toxic substances.
The methodology centres on four activities: investigating
mosquito ecology and disease transmission; establishing the link
between irrigation water management and groundwater quality and
availability in shallow wells; estimating the need for agrochemical
inputs for alternative crops and water management methods; and
evaluating the potential for using IPM methods. The research draws
on expertise from several disciplines and is broadly participatory in
that scientists work closely with local communities, women’s
groups, NGOs, universities and government agencies.
The data needed to assess ecosystem management options for
improved health come from several sources. For example, a
geographic information system is being used to map malaria
incidence. The information is broken down by environmental
factors such as the extent of irrigation, other land uses, soil
moisture and vegetative cover. And for their analysis of
agrochemical usage, the researchers are drawing on existing
sales data and conducting farm surveys.
The analytical results will be integrated to generate a basinlevel estimate of changes in vector breeding, agrochemical use
and groundwater fluctuations under different scenarios of
irrigation management. Throughout the process, the researchers
are paying special attention to the role of women in water
management and to the effects of policies and practices on them.
■
Report contributors: W. van der Hoek (IWMI), Eline Boelee (IWMI),
Rebecca Short (McGill University).

Bathing in a recently lined irrigation canal in Sri Lanka’s Uda
Walawe Irrigation Scheme. While
the concrete lining may reduce the
availability of water in shallow
wells, the canal has become more
attractive for activities like bathing
and doing laundry. The lining prevents erosion, making for cleaner
water. Photo: Ronald Loeve, IWMI.

West Africa: Irrigation, Water
Management and Vector-Borne
Diseases in Rice Farming
Health/agroecosystem links
Does expansion of irrigation and other water management
strategies for rice production increase malaria transmission and
the associated burden of disease in rural communities?

Rice field preparation in the humid forest zone of Côte
d’Ivoire. Shallow puddles are often the only breeding
sites available for malaria-transmitting mosquitoes.
Photo: Olivier Briet, WARDA.

Research organisations
West Africa Rice Development Association (WARDA); Institut
d’Économie Rurale (IER), Mali; École Nationale de Médecine et
de Pharmacie, Mali; Institut National de Recherches en Santé
Publique, Mali; Institut Pierre Richet – Organisation de
Coordination pour la Lutte contre les Grandes Énemies
(OCCGE), Côte d’Ivoire; Centre Universitaire de Formation en
Entomologie Médicale et Vétérinaire, Côte d’Ivoire.

Background

Project description
The project focuses on the Sahelian and savanna/forest regions
where rice is grown, with Côte d’Ivoire and Mali serving as the
venues of research. Institutions in these two countries are major
scientific partners. Key objectives are as follows: to characterise the
irrigated rice agroecosystems of the Sahel, as well as the rainfed
and irrigated lowland-valley rice systems of the upland/inland
swamp continuum (savanna/forest), in relation to health risks; to
identify social, biological and other factors affecting the potential
of agroecosystem management for vector control; and to assess
health risks posed by malaria and schistosomiasis along a northsouth transect through Mali and Côte d’Ivoire. The research is
expected to increase various groups’ awareness of the links between
rice farming and health. These groups include rural communities,
donors, policy makers and health and agriculture specialists.

Rice irrigation in the West African Sahel substantially boosts
anopheline mosquito populations. However, the larger number of
vectors does not appear to result in higher transmission of
malaria in that region. Although malaria transmission and
incidence during the dry season (rice-growing cycle) are higher
in the irrigated zone than the unirrigated, rainy season (and
consequently annual) transmission and incidence are much
higher in the unirrigated zone. Relatively few of the abundant
anopheline mosquitoes are infective in the irrigated zone. This is
most likely because few mosquitoes live long enough to allow
the malaria parasite to mature. In addition, the high biting rate on
alternative hosts such as cattle probably reduces the chances of
malaria parasites being transmitted to people. Very high bed net
use (virtually 100% year-round) in the irrigated zone, stimulated
by the high number of nuisance bites, may also play a crucial
role. Attempts to control mosquito populations could reduce
nuisance levels and, consequently, bed net use, which could have
the unintended effect of increasing malaria transmission.
Promotion of insecticide-impregnated bed nets could
substantially reduce malaria, especially in the unirrigated zone.
In the savanna zone, irrigation leads to a higher anopheline
population and to a second period of malaria transmission
associated with rice production. Despite this, malaria
transmission to children is similar in villages either having no
irrigated rice or having two crops per year. Strangely, malaria
transmission is lower in communities having only one rice crop.
These observations suggest that irrigation may not, by itself,
increase malaria transmission. Other factors likely explain
reduced malaria in areas with only one annual crop. The
researchers observed that introducing cultivation of irrigated rice
had strong impacts on social organisation, economic status of
households and intra-household relations (distribution of tasks
between men and women). These factors in turn affect the
capacity of farmers to recognise and react to early symptoms of
malaria, or to adopt protective measures.
Surprisingly, less food is available to people in villages with
two rice crops than in those with only one. People complain it is
more difficult to feed their families with food they have produced
themselves. This may be linked to greater difficulty in transporting
food products from the uplands to the lowlands, to a transfer of the
responsibility to feed the family from men to women (forcing
women to sell rice to pay expenses previously assumed by men),
and to better crop care in single-crop environments.
■
Report contributors: Thomas Teusher (WHO), Olivier Briet (WARDA), and
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Rice production and consumption have gone up rapidly in West
Africa in recent decades and growth in demand is likely to
remain above 5% a year. Evidence suggests that rice availability
and prices strongly influence the welfare of the region’s poor.
Rice in West Africa is no longer a luxury but a staple, especially
for the urban poor. Within the region, expansion in the cultivated
area of irrigated rice is the main source of production increases.
The “upland/inland swamp continuum” environment of the
forest and savanna zones accounts for about 80% of the
cultivated rice area of West Africa and 75% of production. This
environment includes both rainfed and irrigated rice systems,
while the more northerly Sahelian systems are irrigated.
Overall production trends raise serious questions as to
whether environmental degradation (particularly in fragile
upland ecosystems of the savanna) and malaria transmission will
accelerate. On the environmental side, WARDA concluded some
time ago that to meet regional food requirements and protect
vulnerable uplands, lowland rice cultivation should be promoted.
If agroecosystem management strategies are also to contribute to
prevention and control of diseases like malaria and
schistosomiasis, more information is needed on the socioeconomic, ecological and environmental aspects of the differing
rice systems and on the epidemiology of these diseases.

Results to date and preliminary conclusions

Renaud De Plaen (formerly WARDA, now IDRC).
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Summary of workshop discussions
An emerging consensus on ecosystems and human health
Participants from diverse professional and cultural backgrounds
met in working groups to discuss human health in relation to the
degradation and management of agricultural, coastal and urban
ecosystems. Consensus emerged on two broad questions:

boundary around an urban ecosystem is difficult. Inclusion of
peri-urban areas may be useful. Because many urban centres are
located on the edge of rivers, lakes and oceans, urban and coastal
ecosystems can overlap.

Can an ecosystem approach help improve
human health where you work and live?

Coastal areas represent zones in which land and fresh or saline
water bodies meet and influence each other. Most participants
focussed on areas lying by the sea. The amount of ocean or land
area to be included is arbitrary and participants agreed that how
the boundaries of such ecosystems are defined depends on the
nature of the human health issues to be addressed. The
distinction between urban, agricultural and coastal systems is
often murky. While large numbers of people do not normally
inhabit the aquatic or marine portions of the coastal ecosystems
on which they depend, human activity nevertheless greatly
affects the health of marine and aquatic resources. The state of
these resources, in turn, can either promote or constrain human
well-being.

The consensus was “yes”. While an ecosystem approach cannot
cure acute illnesses, it can make the environment more conducive
to good human health and well-being. To arrive at this conclusion,
participants covered several topics. These included definitions
and concepts of ecosystems and human health, the role of people
within ecosystems, and the methodological approaches to
analysis, understanding and management of ecosystems.
Defining an ecosystem
An ecosystem is a geographically coherent area that includes all
living and non-living things along with the myriad of interactions
among them. In the human development context, living things
include people and their cultures. Human activity often leads to
changes in infrastructure such as roads, dams, buildings and
fences that make up many of the non-living things. Ecosystems

Desirable characteristics of
healthy ecosystems include stability,
resilience, rich biodiversity, minimal human
health risks, and a flow of goods and
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services conducive to human well-being.
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are not isolated or static entities; rather, they interact with
adjacent areas. Through phenomena such as climate, migration
and global trade, they also affect and are influenced by more
distant regions of the world. An ecosystem’s boundary is an
arbitrary characteristic assigned by people for specific purposes.
An ecosystem can be a very small area, such as a field, pond or
household, or a much larger one, such as a watershed or
ecoregion. The biosphere itself is an ecosystem. Large
ecosystems consist of many smaller ones nested within them.
Their inhabitants and other stakeholders have differing
perceptions of boundary locations, and these depend on their
unique and ever-changing world views.
The consultation emphasised agroecosystems, but participants
noted that ecosystem concepts also apply to cities and towns,
where people and elements of human origin dominate. Urban
livelihoods are less dependent on the internal natural
environment, and poverty and violence are common.
Distinguishing constraints to human development are lack of
water, sanitation, shelter, air quality, green space and other basic
services. Governance and cultural diversity are often more
complex in urban ecosystems than in rural agroecosystems, and
economic and political forces are more influential. Drawing a

Workshop participants debated whether ecosystems reflect the
inherent structure of nature or are primarily constructs of the
human mind. The latter view was the consensus. Scientists are
unable to identify and describe the life cycles, demographics,
ecological roles, physiology and genetic variation of every life
form in even relatively small ecosystems. The classification of
plants, animals and microbes is a culturally specific
phenomenon, limited by our observational capacity. Science
itself is an outgrowth of a subset of the world’s cultural practices.
Although people are components of ecosystems, there was much
debate over their importance. From a human health perspective,
people are clearly most important. Their attributes dominate our
understanding of the community and its environment. However,
one can argue that plants, water and air are more important
because without them people cannot survive. Balancing the two
is an ethical issue that society must address.
Defining human health
The participants acknowledged that human health is a broad
concept, covering much more than the absence of disease. It
includes adequate nutrition, as well as social, mental and
spiritual well-being. Within an ecosystem context, both
individual and population health are important. Communities
have culturally specific norms that spell out what is meant by
“quality of life”. The concept of health evolves as societies
change.
Defining ecosystem health
This is the state of an ecosystem with respect to its long-term
capacity to satisfy demand for the range of goods and services
required by its current and future human inhabitants and also by
more distant consumers. Healthy ecosystems have the capacity to
mitigate or absorb the harmful effects and by-products of human
activity so that the well-being of both its residents and people
living elsewhere is not jeopardised. Particularly in urban
ecosystems, people depend heavily on externally produced
goods, and they face a growing challenge in managing
accumulating pollutants and industrial and human wastes
generated by their activities. Given the broad definition of
human health, some participants felt that ecosystem health is an
anthropocentric concept with human health as the driving goal.
Desirable characteristics of healthy ecosystems include stability,

resilience, rich biodiversity, minimal human health risks, and a
flow of goods and services conducive to human well-being. The
participants recognised the need to find suitable indicators for
these. The maintenance of ecosystem health standards imposes
constraints on any human development that relies on resource
exploitation and consumption. Indeed, it may force a shift in
development thinking from consumption to service and social
capital building.
Applying an ecosystem approach to human health
This demands an integrated effort by professionals in many
disciplines, along with representatives of the communities who
stand to gain or lose from future ecosystem management.
Inclusion of policy makers, government and development
workers influences the institutional, policy and financial
environment in which human development takes place. Together,
these individuals are able to increase their understanding of the
complex web of causal factors affecting the priority health issues
that residents of ecosystems face.
Researchers now realise, however, that these biophysical, socioeconomic and cultural systems are so complex that our ability to
accurately predict their behaviour is at best very limited.
Nevertheless, joint recognition of this complexity provides a tool
for conflict resolution and community-based natural resource
management. It enables people to prioritise technologies,
policies and changes in their livelihood behaviours that can
“nudge” the ecosystem toward positive change. An iterative
process of stewardship is needed to ensure a continuing cycle of
assessment of ecosystem health and human well-being,
reflection, priority setting, action and re-assessment, leading to a
better quality of human life over the long term.

Based on your own experience and on this UNEP-IDRC
consultation, what do you see as the most important
challenges in applying an ecosystem approach to
improve human health?
Having agreed that an ecosystem approach to health is useful, the
working groups highlighted challenges that must be met to make
it work:

Transforming the institutional environment
Our systems of governance and learning are founded on
reductionist principles which assume that we can achieve
sustainable development by solving many small development
problems in isolation. Financial support systems reinforce this
sectoral approach to R&D. They constrain institutions’ capacity
to work outside legislated mandates. Different levels of
government may end up working against each other because the
geographic scales and development objectives they are
addressing are different. Government actions often respond to
the status quo in power relations among people. As a result, the
poor have no influence, receive few benefits, and therefore
remain poor. The challenge is to transform the institutional
environment to create greater opportunities for research and
human development using an ecosystem approach. Greater
funding for ecosystems research is needed. New approaches to
policy can allow people to benefit equitably from the results.
Balancing some people’s demands for short-term goods and
services from an ecosystem with longer-term needs to conserve
vulnerable habitats and biodiversity will test policy-making,
regulatory and enforcement processes.
Building the awareness and capacity of stakeholders
Participants emphasised the challenge of raising awareness and
understanding of the ecosystem approach among all stakeholders.
People need to see the potential health benefits of applying
preventative measures that take into account the web of ecological,
social and economic forces at work in their communities. This
awareness is especially important where poverty and
marginalisation exclude certain groups from the formal health care
system. Increased acceptance of the ecosystem approach by
individuals with political and financial power is a prerequisite to
progress. Even one individual (such as a government minister or a
village clergy member who is not on board) can undermine
successful development based on ecosystem approaches. Training
and stakeholder consultations, reinforced by public awareness and
institutional support, are needed to continually raise collective
capacity to improve the quality of life within the community.
Patience with the process is needed.
■

Many of the collaborative projects discussed in this consultation report are conducted
by one or more of the 16 Future Harvest centres supported by the Consultative Group on
International Agricultural Research (CGIAR).
Future Harvest is an international non-profit organisation. It is dedicated to raising
public awareness of the close links between agriculture and other global issues such as
military conflict, water and land shortages, loss of biodiversity, the spread of human disease, climate change and poverty. The
organisation believes that agriculture itself, based on good science, holds solutions to many of the compelling problems facing the
world today.
Future Harvest promotes a hopeful vision of the future – a “green and prosperous earth that provides abundance, health, and
peace to its peoples.” It cautions, however, that this can only be achieved if we devote attention and resources to scientific research
for food, the environment and the world’s poor.
For more information, go to www.futureharvest.org
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Understanding and managing complexity
No single human being can grasp the full reality of the complex
sets of interacting factors that mould human and ecosystem
health. Bringing teams of diverse people together is essential.
The disciplines in which expertise is required include ecology,
natural resource management, climate change, public health,
economics, sociology, anthropology, governance, law, policy and
ethics. And community participation should reflect the various
social strata within the target population. The transdisciplinary

process of building a new understanding of the interactions
among the ecosystem’s non-human elements, as well as between
those elements collectively and human well-being, is a daunting
task. Success will come from integrated and shared work and
learning in which participants are equal partners, rather than
from attempts to achieve some kind of absolute understanding.
The challenge is to recruit a new generation of research and
development workers and communities who are prepared to go
beyond their traditional horizons and practices to find flexible
solutions to complex problems.
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Testing a child’s cognitive and motor skills, in Ginchi, Ethiopia. In degraded agroecosystems, mental development is impaired by malnutrition, disease and poverty. This can undermine agricultural
sustainability and therefore the next generation’s prospects for a healthy livelihood. See page 17.
ILRI photo: Don Peden, in collaboration with the Ethiopian Health and Nutrition Research Institute.

Further exploration
Many information sources address the links between human health and
ecosystem management. The web sites listed below, some operated by
organizations that participated in the consultation reported in this special
supplement to LEISA, generally provide easy access to public domain
materials.

The goal of the Forum is to stimulate
discussion on ecosystem approaches to
human health, the evidence from the
field, and the relevance of these
approaches to improving well-being.
The Forum offers the opportunity for
researchers, policy makers,
practitioners and civil society
representatives from around the world
to share knowledge, and for institutions
to consider strategies for further
progress. For more information, contact
IDRC. E-mail: ecohealth@idrc.ca.
Forum themes:
● Definition and conceptualisation;
● Successes and challenges through
case studies;
● Links between research results and
policy development;
● Institutionalisation of ecosystem
approaches to human health
research and practices.
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IDRC’s web site, www.idrc.ca, provides a wealth of on-line information
about research for development. The Centre’s ecohealth link is
www.idrc.ca/research/xecohealth_e.html. Readers with access to
e-mail but not to the World Wide Web can send an e-mail to
www4mail@web.bellanet.org leaving the subject line blank, but including
the URL of the web page of interest in the body of the e-mail message.
For more information on this service, see www.bellanet.org/email.htm.
UNEP also maintains an extensive web site at www.unep.org.
The web sites of most of the international agricultural research centres that
contributed to this supplement can be reached through the gateway site of the
Consultative Group on International Agricultural Research (CGIAR):
www.cgiar.org.

36

The International Society for Ecosystem Health (ISEH) –
www.ecosystemhealth.com – is a useful source of information on approaches
to understanding ecosystem health. The Special Programme for Research and
Training in Tropical Diseases (TDR) – www.who.int/tdr – is an independent
global programme of scientific collaboration. It helps co-ordinate, support and
influence global efforts to combat a portfolio of major diseases of the poor and
disadvantaged. World Neighbors, at www.wn.org, works with the rural poor in
18 countries in Asia, Africa and Latin America to strengthen the ability of
individuals and communities to solve their own problems of hunger, poverty
and disease. Information on mercury contamination in the Amazon can be
found at www.unites.uqam.ca/cinbiose. This is the home page of the Centre
d’étude des interactions biologiques entre la santé et l’environnement
(CINBIOSE), based at the University of Québec at Montreal (UQUAM).

A hill-tribe child from northern Thailand is given a medical
exam. Soil and medical specialists have teamed up to improve
community health through better natural resource management in areas where shifting cultivation is practised.
Nearly all the 50 or so children in one study group were
malnourished, though not severely. See page 29.
Photo: Prasong Tienboon, Chiang Mai University.
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