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PREFACE

Barbara Burlingame

Principal Officer,
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FAQ, Rome, ltaly



The book presents the current state of thought on
the common path of sustainable diets and biodiver-
sity. The articles contained herein were presented
at the International Scientific Symposium “Biodi-
versity and Sustainable Diets: United Against
Hunger” organized jointly by FAO and Bioversity In-
ternational, held at FAO, in Rome, from 3 to 5 No-
vember 2010. The Symposium was part of the
official World Food Day/Week programme, and in-
cluded one of the many activities in celebration of
International Year of Biodiversity, 2010. The Sympo-
sium addressed the linkages among agriculture,
biodiversity, nutrition, food production, food con-
sumption and the environment.

The Symposium served as a platform for reaching a
consensus definition of “sustainable diets” and to
further develop this concept with food and nutrition
security, and the realization of the Millennium De-
velopment Goals, as objectives.

In the early 1980s, the notion of “sustainable diets”
was proposes, with dietary recommendations which
would result in healthier environments as well as
healthier consumers. But with the over-riding goal
of feeding a hungry world, little attention was paid to
the sustainability of agro—ecological zones, the sus-
tainable diets’ concept was neglected for many
years.

Regardless of the many successes of agriculture
during the last three decades, it is clear that food
systems, and diets, are not sustainable. FAO data
show that one billion people suffer from hunger,
while even more people are overweight or obese. In
both groups, there is a high prevalence of micronu-
trient malnutrition. In spite of many efforts, the nu-
trition problems of the world are escalating.
Improving nutrition through better balanced nutri-
tious diets can also reduce the ecological impact of

dietary choices. Therefore, a shift to more sustain-
able diets would trigger upstream effects on the
food production (e.g. diversification), processing
chain and food consumption.

With growing academic recognition of environmen-
tal degradation and loss of biodiversity, as well as a
dramatically increasing body of evidence of the un-
sustainable nature of agriculture as it is currently
practiced in many parts of the world, renewed at-
tention has been directed to sustainability in all its
forms, including diets. Therefore, the international
community acknowledged that a definition, and a set
of guiding principles for sustainable diets, was ur-
gently needed to address food and nutrition security
as well as sustainability along the whole food chain

A working group was convened as part of the Sym-
posium and a definition was debated, built upon
previous efforts of governments (e.g., the Sustain-
ability Commission of the UK], UN agencies
(FAO/Bioversity Technical Workshop and Biodiver-
sity and Sustainable Diets), and others. The defini-
tion was presented in a plenary session of the
Symposium and accepted by the participants, as fol-
lows: Sustainable Diets are those diets with low en-
vironmental impacts which contribute to food and
nutrition security and to healthy life for present and
future generations. Sustainable diets are protective
and respectful of biodiversity and ecosystems, cul-
turally acceptable, accessible, economically fair and
affordable; nutritionally adequate, safe and healthy;
while optimizing natural and human resources.

The agreed definition acknowledged the interde-
pendencies of food production and consumption
with food requirements and nutrient recommenda-
tions, and at the same time, reaffirmed the notion
that the health of humans cannot be isolated from
the health of ecosystems.




To address also the food and nutrition needs of a
richer and more urbanized growing world popula-
tion, while preserving natural and productive re-
sources, food systems have to undergo radical
transformations towards more efficiency in the use
of resources, and more efficiency and equity in the
consumption of food and towards sustainable diets.
Sustainable diets can address the consumption of
foods with lower water and carbon footprints, pro-
mote the use of food biodiversity, including tradi-
tional and local foods, with their many nutritionally
rich species and varieties. The sustainable diets” ap-
proach will contribute in the capturing efficiencies
through the ecosystem approach throughout the
food chain. Sustainable diets can also contribute to
the transition to nutrition-sensitive and climate-
smart agriculture and nutrition-driven food systems.

A close involvement of civil society and the private
sectoris needed to engage directly all stakeholders
in the fields of agriculture, nutrition, health, envi-
ronment, education, culture and trade, along with
consumers.

The Symposium served to position sustainable
diets, nutrition and biodiversity as central to sus-
tainable development. The Proceedings of the Sym-
posium, presented in this publication, provide
examples of sustainable diets, which minimize en-
vironmental degradation and biodiversity loss. Var-
ious case studies and practices are also presented
bringing biodiversity to the plate, with data showing
improvements in nutrient intakes through food bio-
diversity, as a counterbalance to the trend of diets
low in diversity but high in energy which contribute
to the escalating problems of obesity and chronic
diseases. The Mediterranean Diet was showcased
as a useful model.

The contents of this book provide an array of new

directions and solutions for policy, research and ac-
tion on sustainable diets, and useful contributions
to the follow-up for the Rio+20 United Nations Con-
ference on Sustainable Development, and its out-
come document, The Future We Want.

Although the evidence base must be improved, ex-
isting knowledge warrants immediate action to pro-
mote sustainable diets and food biodiversity in
nutrition-driven agriculture policies and pro-
grammes, as contributions to the achievement of
food and nutrition security, the Millennium Devel-
opment Goals, and post-2015 development agenda.

The contributions of all session chairpersons, rap-
porteurs, speakers and everyone who participated in
the discussions and working groups were a vital part
of the Symposium’s successful outcomes. This book
represents a significant international achievement.
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As you are aware the theme for this year's World Food
Day is "United Against Hunger™. This theme under-
scores the fact that achieving food security is not the
responsibility of one single party; it is the responsibil-
ity of all of us. The 2010 celebration also marks the
30th World Food Day, a celebration that has been
observed around the world over the last three
decades. The latest hunger figures show that 925
million people live in chronic hunger. While there is
awelcome decline from the 2009 level, the number of
hungry people remains unacceptably high. Further-
more, this number does not reflect all the dimensions
of malnutrition. Micronutrient deficiencies, for in-
stance, affect an estimated two billion people. Re-
sponding properly to the hunger and malnutrition
problems requires urgent, resolute and concerted
actions. It calls for united efforts by all relevant ac-
tors and at all levels.

Already, close to two million people around the globe
have signed the “Against Hunger” petition, as part of
an international advocacy and awareness campaign
launched by FAO (“1BillionHungry.org”). It aims at
placing pressure on political leaders and mobilizing
all parties to take united action against hunger and
malnutrition. As we are aiming to have as many sig-
natures as possible by 29 November, when the peti-
tion will be presented to member countries on the
occasion of the 140th session of the FAO Council, am
inviting all of you, if you have not yet done so, to sign
the petition on the tables placed outside the room.

Coming back to this year’s International Scientific
Symposium, the theme for the symposium is “Biodi-
United Against
Hunger”, jointly organized by FAO and Bioversity In-

versity and Sustainable Diets:

ternational as a contribution to the 2010 International
Year of Biodiversity.

For the first time, the concept of “biodiversity” is

linked with the emerging issue of “sustainable
diets” in exploring solutions for the problems of
malnutrition in its various forms, while addressing
the loss of biodiversity and the erosion of indigenous
and traditional food cultures. Our purpose is to pro-
mote the development of new sustainable food pro-
duction and consumption models.

There is currently no universally agreed definition
of a “sustainable diet”. However, a definition is
needed to develop policy, research and programme
activities for the promotion of sustainable food sys-
tems that minimize environmental degradation and
biodiversity losses. There is growing academic
recognition of the complexity of defining sustain-
ability, as well as an increasing body of evidence
showing the unsustainable nature of current food
systems. A definition of sustainable diets shall
therefore address sustainability of the whole food
supply chain and thus provide guidance on promot-
ing and applying the concept in different agro-ecolog-

ical zones.

The alarming pace of food biodiversity loss and
ecosystem degradation, and their impact on
poverty and health makes a compelling case for
re-examining food-agricultural systems and diets.

FAQO has been working with member countries, in-
ternational and regional partners for the past few
years to determine the status and trends of plant
genetic resources that feed the world. We looked
into the key achievements as well as the major gaps
and needs that require urgent attention. This effort
has culminated in the publication of the Second
Report on the State of the World’'s Plant Genetic Re-
sources for Food and Agriculture that was launched
by the Director-General of FAO last week. The Re-
port provides a wealth of information from over 100
countries for improving conservation and sustain-
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able use of plant diversity to meet the key chal-
lenges of malnutrition, food insecurity and rapid cli-
mate change. It points out that plant diversity can
be lost in a short lapse of time in the face of rapid
climate change, population pressure and environ-
mental degradation.

There is an urgent need to collect, document and
better use this diversity including crop wild relatives,
not least because they hold the genetic secrets that
enable them to resist heat, drought, floods and pests.
New and better-adapted crops derived from genetic
diversity can offer more nutritious and healthier
foods for rural and urban consumers, and provide
opportunities to generate income and contribute to
sustainable rural development. Now more than
ever, there is a greater need to strengthen linkages
among institutions dealing with plant diversity and
food security, and with other stakeholders, at global,
regional, national, and local levels. Far greater ef-
forts are required to counteract the effects of long-
standing underinvestment in agriculture, rural
development and food security.

The Declaration of the World Summit on Food Se-
curity held at FAO in 2009, stressed the urgent need
and concrete actions to promote “new investment
to increase sustainable agricultural production and
productivity, support increased production and pro-
ductivity of agriculture”, and for the implementation
of “sustainable practices, improved resource use,
protection of the environment, conservation of the
natural resource base and enhanced use of ecosys-
tem services”. In this Declaration it is also stated
that FAO “will actively encourage the consumption
of foods, particularly those available locally, that
contribute to diversified and balanced diets, as the
best means of addressing micronutrient deficien-
cies and other forms of malnutrition, especially
among vulnerable groups”.

Agricultural biodiversity should play a stronger key
role in the transition to more sustainable production
systems, in increasing production efficiency, and in
achieving sustainable intensification. The agricul-
ture sector is responsible for ensuring the produc-
tion, commercialization and distribution of foods
that are nutritionally adequate, safe and environ-
ment friendly. Therefore, there is an urgent need
to develop and promote strategies for sustainable
diets, emphasizing the positive role of biodiversity
in human nutrition and poverty alleviation, main-
streaming biodiversity and nutrition as a common
path, promoting nutrition-sensitive development
and food-based approaches to solving nutrition
problems.

The importance of food-based approaches is fully
recognized by FAO. Many developing countries, in-
ternational agencies, non-governmental organiza-
tions (NGOs) and donors are beginning to realize
that food-based strategies are viable, cost-effective,
and provide long-term and sustainable solutions for
improving diets and raising levels of nutrition. Nar-
rowing the nutrition gap - the gap between what
foods are grown and available and what foods are
needed for better nutrition - means increasing the
availability, access and actual consumption of a di-
verse range of foods necessary for a healthy diet. Fo-
cusing on the distinctive relationship between
agriculture, food and nutrition, FAO works actively
to protect, promote and improve established food-
based systems as the sustainable solution to ensure
food and nutrition security, combat micronutrient
deficiencies, improve diets and raise levels of nutri-
tion, and by so doing, to achieve the nutrition-re-
lated Millennium Development Goals (MDG).

Globalization, industrial agriculture, rural poverty,

population pressures and urbanization have

changed food production and consumption in ways



that profoundly affect ecosystems and human diets,
leading to an overall simplification of diets. High-
input industrial agriculture and long-distance
transport increase the availability and affordabil-
ity of refined carbohydrates and fats, leading to an
overall simplification of diets and reliance on a lim-
ited number of energy-rich foods.

In spite of the increasing acknowledgement of the
value of traditional diets, major dietary shifts are
currently observed in different parts of the world,
representing a breakdown in the traditional food
system. This trend has coincided with escalating
rates of obesity and associated chronic diseases,
further exacerbated by the coexistence of mi-
cronutrient deficiencies, owing to the lack of dietary
diversity in modern diets. Dietary shifts that have oc-
curred in urban areas are currently extending to
rural communities as well, where people have
abandoned diets based on locally-grown crop vari-
eties in favour of “westernized” diets.

Your deliberations should, therefore, focus the need
for repositioning nutrition security, developing and
strengthening food value chains and promoting
public/private sector collaborations, with biodiver-
sity and sustainability at its core. The Symposium
shall also serve to explore ways in which agricul-
tural biodiversity can contribute to improved food se-
curity and to feeding the world within a framework
of enhancing agricultural efficiency and ensuring
sustainability. | do hope that your collective intel-
lectual wisdom will also offer broad perspectives on
ways of changing current global thinking on how to
feed the world sustainably and achieve food and nu-
trition security.

| am sure that the outcome of the Symposium will
guide FAO and others in their work towards ad-
dressing the role of biodiversity for sustainable food

production, in light of global changes.

| once again wish to emphasize that in the current
context of difficulties and challenges, it is the shared
responsibility of all actors to solve the problems of
hunger and degraded ecosystems, and | am con-
vinced that united we can reach the goal of sustain-
able diets, now and for future generations.
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| think this Symposium was a very timely one, in-
deed for the first time in 2010 it would seem that
the whole issue of nutrition is reaching a level of
awareness in the various sectors, including
among donors, not seen before. For too long now
the issue of food security has focused on the quan-
tity of food, with very little or no attention given to
the quality of food. What really matters is not just
filling stomachs but providing a nutritious diet that
will allow the cognitive and physical development
of human beings. We are aware of the alarming
and unacceptable levels of hunger, but the 2 bil-
lion people that suffer from malnutrition still do
not receive sufficient attention. Expanding expo-
nentially among the world’s poorest people and,
more than one would believe, among the wealthi-
est people are cases of micronutrient deficiencies
and the double burden of malnutrition with non-
communicable diseases. This alarming situation is
one that we must tackle together, especially when
considering the rate of expansion in the poorest
countries.

| am very pleased to see that, through a number of
initiatives that have taken place and are taking place
in different parts of the world, we are beginning to
build this much needed awareness of malnutrition
and its devastating impact on the peoples of devel-
oping countries. In 2008 Bioversity, together with
the Convention on Biological Diversity (CBD) and
FAO, launched a cross-cutting initiative on Biodi-
versity for Food and Nutrition and, more recently,
initiatives such as Scaling Up Nutrition have really
put the issue of nutrition at the top of the agenda. In
New York in September this year, Scaling Up Nutri-
tion was launched by Secretary of State Hillary Clin-
ton and Micheal Martin, Minister for Foreign Affairs
of Ireland. | think this shows a real interest up to the
highest levels. We must make sure that we seize
this opportunity because tomorrow there may be

some other hot topic that takes over from nutrition.
It is up to all of us to take this momentum that is
being built up and move it into action.

When talking about nutrition we must attempt to
move beyond the predominant medicalized ap-
proach of tackling individual or single micro-nutri-
ent deficiencies or macronutrient deficiencies,
attempting to fix the problem after the problem has
occurred and with very little effort to prevent the
problem in the first place. In order to tackle this
issue we should begin looking at malnutrition
through food systems, since it is the integration of
the entire food system that will provide a sustain-
able answer to the problems of malnutrition. This
Symposium is the right forum for us to do just that.

| believe the true definition of food and nutrition se-
curity is that of bringing diverse diets, diets that ful-
fil all the needs of human beings, to everyone’s
table. This takes me to the role of agriculture, with
nutrition being in the medical camp and agricul-
ture just caring about the quantity of food pro-
duced, any links between agriculture and nutrition
are weak or totally lacking. We must, as Deputy Di-
rector-General of FAO Dr He has already mentioned,
prevent the simplification of agriculture to the three
major staples. Currently these three major staples
provide 60 percent of the calorie intake from plant
origin at the global level. Such a degree of diet sim-
plification is alarming and it is high time that we
looked not only at producing quantities of food that
are sufficient, but also nutrients and nutrition suffi-
cient to fulfill all needs.

| have already mentioned the double burden of mal-
nutrition, this is now becoming the world’s number
one problem in terms of public health yet it has not
been tackled properly nor is it even considered a
major problem by many decision-makers. It is up
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to us now to make sure that this increased attention
to nutrition looks at this issue in a holistic way and
in a way that will prevent problems in the future.

The organization of the Symposium also coincides
with the International Year of Biodiversity. The role
that biodiversity can play in addressing the prob-
lems of malnutrition has been underestimated, un-
derstudied and deserves much more attention. For
this reason, this particular Symposium on Biodiver-
sity for Sustainable Diets is very important to me, it
is also important that the general public is more
aware of the importance of diversity and the poten-
tial of biodiversity in addressing the problems of
malnutrition. In this regard Bioversity organized, in
May of this year, a whole week’s celebration: “La
Settimana della Biodiversita” here in Rome together
with the secretariat of the CBD, IFAD, FAQ, the Co-
mune di Roma and many other partners to highlight
the importance and raise awareness among the
broader public of biodiversity for better nutrition.

There is an urgent need to change the paradigm of
agricultural production in order to integrate this di-
mension of nutritional quality, this requires us to
move beyond the major staples and to look at the
many hundreds and thousands of neglected and un-
derutilized plant and animal species that mean the
difference between an unsustainable and sustain-
able diet. It is not just about producing calories, but
diverse diets and that is why these neglected and
underutilized species are so important.

Of course this change will not be successful with-
out collaboration and improved communication
among the different sectors. The gap between the
agricultural and the nutrition and health sectors
must be closed. At a national level (as well as the
international level) ministries of agriculture, health,
education and of course, ministries of finance must

come together to set up and develop policies to ad-
dress these problems in a sustainable way. There
are many examples that show how we at Biover-
sity have started to try to practise what we preach
in looking at neglected and underutilized species.
One such example comes from Kenya, where we
have been working with leafy green vegetables
that have disappeared from the tables and mar-
kets in Nairobi. Our aim was to reintroduce these
vegetables, to provide nutritious food in supermar-
kets and markets and to give farmers the opportu-
nity to augment their income. In India, we have
been working with the Swaminathan Foundation
to look at nutritious millets (foxtail millet, finger
millet and others that have various nutritious qual-
ities) and reintroduce them in areas where they
had been abandoned due to national policies pro-
moting cassava production for starch. Through
analysing the impact of these policies we were
able to show that the income derived by the cas-
sava the farmers sold was not sufficient to buy the
millet they would have been producing otherwise.
What is more, the farmers themselves were con-
suming the cassava and of course this had a neg-
ative impact on their diet. We have been working in
the Andes with native cereals, quinoa and ama-
ranth etc., in an effort to improve farming tech-
nologies and to allow the production of these
nutritious foods to not only be maintained, but to de-
velop further and also enter international markets.
These examples and numerous others show that
we can make a difference, the simplification of agri-
culture and the simplification of diets is not some-
thing that we just have to accept.

In Kenya, the major obstacle in getting those leafy
vegetables onto the tables was one of image, of
being considered as backward, and the common
conception that this is the food of the poor. However,
through communication efforts involving the Minis-



ter of Health, the chefs of the most famous restau-
rants of Nairobi who prepared new recipes with this
leafy vegetable and by introducing it in the canteen
of parliament, this food has been re-evaluated and
people are taking pride again in producing, purchas-
ing and consuming these vegetables. Today pro-
duction is not sufficient to meet demand, so it is
possible to make a difference.

The westernization of diets is not ineluctable; we
must also tackle this problem. We have been working
for a year or so in preparing for this Symposium to-
gether with FAO and many other partners, but this
Symposium is not the end of the effort, it is the be-
ginning, unless this Symposium leads to some real
action we have not achieved very much. To have a
book or a report on a shelf somewhere is not going to
fill stomachs and certainly not to feed people better
quality food, so we must take this opportunity in var-
ious initiatives, such as the Cross Cutting Initiative on
Biodiversity for Food and Nutrition and Scaling Up
Nutrition, to incorporate the dimension of a diverse
diet and the role it can play in improving nutrition.

So this is really the start of, | hope, a major effort to
ensure that all people in the world will not only have
adequate food but adequate nutrition to meet their
needs.
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It is a deep honour to address this Symposium with
so many distinguished scientists; and always a pleas-
ure for me to be back in Rome where | happily came
to live after leaving school. | am a social scientist who
is concerned about how policy both shapes and re-
sponds to the food system. Here, | want to ask
whether policies are currently appropriate for the
task of mixing sustainable diets and biodiversity. At
present, the answer must be 'no’. Food and agricul-
ture are major drivers of biodiversity loss, which is
why this Symposium must help chart a better future.
For me, a critical issue worthy of more attention is
the definition and pursuit of sustainable diet. What is
a good diet in the 21st century? Nutrition science
tried throughout the 20th century to clarify what is a
good diet for human health. But today it has little or
nothing to say so far about how to marry human and
eco-systems health.

Here lies a major 21st century food policy challenge.
Do | eat ever more meat and/or dairy (an indicator of
rising income)? Or do | consume a diet primarily of
plants? If | want to eat meat and dairy, what is the
right amount, measured against what indicators?
And is this the same everywhere? Does embedded
water in food make a difference to an acceptable
diet? How do | eat nutritionally well while keeping
greenhouse gas emissions and embedded water
low? And what about fish? Much nutrition science
highlights its benefits, yet environmental analysts are
concerned about stocks under threat.

These and many other problems lead me to call for a
big international effort to define and clarify a ‘sus-
tainable diet’. We cannot ignore this challenge. In an
ideal world, I'd like to see the creation of something
like an Intergovernmental Panel or Special Taskforce
on Sustainable Diets. We could also create expert
working parties or Commissions. Or ask some rep-
resentative governments to take a lead. There are
many illustrations of processes by which we could
begin this process: the IAASTD [IAASTD, 2008], the
WHO’s Commission on Social Determinants of

Health [WHO, 2008], an International Conference
such as the 1992 International Conference on Nutri-
tion [FAO/WHO, 19921, or the 1992 Rio Conference
[UNCED,1992], a committee of experts; or regional
rathe than global bodies.

Whichever policy process finally receives backing, the
quality of humanity’s collective response to the sus-
tainable diet challenge must be raised. And this must
begin soon. At present, policy on this issue is a mix-
ture of drifting and fragmenting. Yet if we do not cre-
ate a policy process to resolve the problem of defining
and articulating sustainable diets, there is a real dan-
ger that humanity will drift into irreparable damage
due to how and what we eat, as incomes rise. The ev-
idence is already too strong about threats to environ-
ment [UNEP, 2009], health [WHO, 2004], and social
justice [De Schutter, 2011]. We have to resolve this
impasse.

To make matters even more complicated, the chal-
lenge of defining sustainable diet is not just a matter
of blending two scientific discourses - public health
and environment. Food is also a cultural and eco-
nomic matter. Part of the 20th century’s legacy is that
it allowed us, in the name of progress, choice and in-
dividual rights, to develop an approach to food policy
which saw no limits. Old cultural ‘rules’, sometimes
religious, sometimes born from experience, have
been weakened by consumerism, enticed by heavily
funded marketing. ‘Eat this brand not that.” ‘Eat what
and when you like". ‘Eat high status foods every day
all day.” Thus the mismatch of human and environ-
mental health is mediated by economics and culture.
There is a push and a pull to this situation; people
choose but do not want to accept the longer-term
consequences. That is why many people working in
this area now see the challenge of sustainable diets
as requiring cultural signposts too.

As a Commissioner on the UK government’s Sus-
tainable Development Commission (2006-11), | have
tried to help my country face this pressing task. In a
series of reports, we argued that not only was the
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issue of sustainable diets our problem in the devel-
oped world, but that to include food’s environmental
footprint in shaping future food supply would help
us lead by example, and to ‘put our house in order’
before lecturing others or leading them to repeat
our mistakes. Diet-related ill-health already places
a massive burden on the UK’s healthcare system.
The SDC’s sustainable diet study suggested that
human and eco-systems goals broadly match [Sus-
tainable Development Commission, 2009]. If would
be better for UK public health and environment if its
citizens ate less much overall (too many people are
overweight and obese], less meat and dairy (the
burden of non-communicable diseases is high and
costly); more fruit and vegetables (which are protec-
tive for health). These would also have environmen-
tal benefits. While this policy argument has been
generally accepted, we know that this now needs to
be translated into more specific guidance. Other
countries in the European Union have thought like-
wise : Sweden[National Food Administration, 2008],
Netherlands [Health Council of the Netherlands,
2011], Germany [German Council for Sustainable
Development, 2008]. In Australia, too, scientific ad-
visors have been tussling with similar problems re-
viewing their dietary guidelines. Unfortunately,
while the evidence that policy needs to address the
conundrum of sustainable diets, there are pres-
sures not to face up to the issue. Alas, my own coun-
try’s Government closed an Integrated Advice for
Consumers programme created to try to resolve the
problem of welding health, environment, and social
justice in food advice to consumers [Food Standards
Agency, 2010], and Sweden’s advice to environmen-
tally conscious consumers has also been withdrawn
after encountering difficulties over whether pro-
moting local foods contravenes EU free movement
of goods principles [Dahlbacka and Spencer, 2010].
| report this not to dismiss these fates as “politics’.
Food policy is inevitably highly sensitive. It always
was and probably always will be. But everywhere in
the world, interest in the issue of sustainable diets

is actually growing. The stakes may be high, but that
does not mean we must ignore the issue.

What exactly is meant by the term Sustainable Diets?
Part of the need to create a proper policy and scien-
tific process is to define it. The word ‘sustainability’
can be plastic, made to fit many meanings. Mostly,
when it is used, it is within the terms laid out in the
1987 Brundtland report [Brundtland, 1987], which
proposed that human development requires us to
give equal weight to the environment, society and
economy. This triple focus is not precise enough, | be-
lieve. Some argue that we don’t even need to define
‘sustainable’, but merely need to help consumers ‘do
the right thing’. That was the German and Swedish
approach. They appealed to consumers” honour, im-
plying that they were broadly on the right track but
needed to have help fine-tuning their choices. The
Centre for Food Policy where | work has taken a dif-
ferent direction. We have argued that alongside
Brundtland’s three factors, the future of food also re-
quires policy attention on quality, health and gover-
nance [Lang, 2010]. In my last report as UK
Sustainable Development Commissioner, colleagues
and | outlined how this new six-headed approach to
sustainable food helps include factors which actors
throughout the food system know to be important
[Sustainable Development Commission, 2011].
Under each of these major headings, more specific
issues can be grouped. Biodiversity comes under en-
vironment, of course.

But the argument for this new six-headed approach
to sustainable food and diets is that this should not
become a game of ‘trade-offs’. As we know over the
last thirty years, too often sustainable development
has traded off environmental protection for economic
development. The value of ‘sustainability’ is that it
gives equal weight to all, not primacy to one focus.
We need some rigour from the word sustainable. It
must encourage policy-makers to try to deliver a food
system which is finely tuned, detailed and accurate



about evidence. In the case of the environment, that
means not just biodiversity measures, or carbon, but
other equally pressing issues such as: water, soil,
land use,

And one of the reasons we have argued that health
deserves to be one of the new big six headings for
sustainable food systems is that health has so easily
been lost. Usually it is subsumed within the social.
But in food policy, this is not helpful. What is food if
not about health for survival? Health is more than
safety or minimum requirements; it is also about op-
timising nutrition, addressing not just dietary defi-
ciencies but dietary excess. 21st century public
health now requires a vision for food systems and for
food culture which realises the consequences of
under-, mal- and over-consumption.

To define sustainable diets thus becomes a key ele-
ment in recharting the food system for the 21st cen-
tury. We cannot eat like modern Europeans or North
Americans. There are not enough planets. We can-
not just pursue increased production at all costs. 21st
century food policy needs to face the ‘elephant in the
room’ of consumerism: eating without accepting or
paying for the consequences. That is why we need to
be wary of trade-offs. Ideal it may be, but the defini-
tion of a sustainable diet inevitably shows that all six
headings of the new approach need to be addressed:
quality, environment, social, health, economic and
governance. If specialists or interest groups con-
cerned about one heading do not also take account of
the other five, distortions emerge. For example, if the
pursuit of cheaper food (a goal actually heavily de-
pendent on fossil fuels) continues to shape rich world
food systems, there is an implication that consumers
have the right to cheap food. The reality is that the
environment is paying. Food economics needs to be
brought into line with biodiversity and public health,
not continue to distort them.

| see this Symposium as an important step in the

process of putting clarity onto the notion of sustain-
able diets. This meeting and our task of definition is
not sudden. It builds directly on work done here in
the FAO, such as in the landmark report on the im-
pact of rising animal production, Livestock’s Long
Shadow [FAO, 2006]. It continues in the tradition
begun at UNCED / Rio in 1992. We need to dare to do
for sustainable diets what has been done for food
rights with the landmark 2004 Voluntary Guidelines
[FAO, 2004; FAO, 2008] and the work of the Special
Rapporteur on the Right to Food. That line of assess-
ing food systems and dietary inequality stems from
the 1948 Universal Declaration of Human Rights, but
really was shaped in the last twenty years, and given
weight by the Millennium Development Goals [Lang
etal., 2009]. We in this Symposium need to commit to
similar diplomatic effort. We too need to aspire to
some Guidelines on Sustainable Diet. It took decades
to get population-based dietary guidelines shaped by
health at national and international levels, but we
cannot wait for such slow progress for sustainable
diet guidelines, if the environmental and other indi-
cators about diet’s impact on the planet are accurate.
We urgently need movement.

| do not need to remind a Symposium called by bio-
diversity experts that modern diets and food pro-
duction methods are part of the problem of
shrinking genetic diversity. 17,291 species out of
47,677 so far assessed are threatened with extinc-
tion [IUCN, 2010]. But we must not allow ourselves
to be mesmerised by a competition as to which
heading’'s figures are worse (or best]. The only
shocking truth is that a world of plenty has been
made which is in danger of undermining itself on a
number of fronts, not just one. We meet here in Eu-
rope, which prides itself on being civilised, yet Eu-
rope’s agri-food chain contributes an estimated
18-20% of greenhouse gases and 30% of a con-
sumer’s emissions [Tukker et al.,2006]. In the UK,
food represents an estimated 23% of a consumer’s
ecological footprint. We eat as though there are two

23



24

planets! [WWF-UK, 2010] How we eat is altering the
web of life, how everything connects, what Charles
Darwin called the ‘entangled bank’ of life[Darwin,
1859].

So, what are the policy goals that ought to shape the
food system for the future? Is it to eat what keeps a
body optimally healthy? Or to eat what we like? Or to
eat within environmental limits? Or to eat according
to our income and social status? These are scientific,
practical and moral questions. | repeat: my view is
that we need to reshape culture around the com-
plexity of meeting multiple goals of quality, environ-
ment, health, social, economic and governance. A
good food system will strive for improvement across
all these, not enter a ruinous competition as to which
has the loudest policy voice.

This policy position places responsibilities on scien-
tists too. We / they cannot stay in the comfort zones.
Bridges across the disciplines need to be built. Com-
mon discourses and research must be created. Pol-
icy-makers frequently complain that they cannot get
coherence from experts. That may be an excuse for
inaction, of course, but there is some truth, too. Too
often, experts contribute to what we call "policy ca-
cophony’, many voices all claiming they represent the
key issue [Lang and Rayner, 2007]. In this context, |
want to pay respects to pioneering work by some
NGOs trying to grapple with this problem. WWF, the
conservation organisation has been particularly am-
bitious in articulating its One Planet Diet programme
[WWF-UK, 2009]. Also the Food and Climate Re-
search Network [Audsley et al., 2010]. Some corpo-
rations, too, are looking ahead and are troubled by
what they rightly see as threats to their long-term
profitability and sustainability (in the financial sense
of the word). Remarkable commitments are being
made: to reduce carbon or water [Unilever, 2010].
Sceptics might see this as protecting brands and fi-
nancial viability. Perhaps, but | think not entirely.
Slowly, inexorably, some consensus might be emerg-
ing, from different quarters [[Barilla Centre for Food

and Nutrition, 2010]. Everything points to the in-
evitability of defining sustainable diets and articulat-
ing the cultural and policy pathways by which to
deliver them.

Discussions | have held with food companies suggest
that many are content to address what they see as
the environmental challenge of their products
through ‘choice-editing’. This term is used to mean
that they, the companies, shave away the footprint
without telling the consumer too much. The change
is ‘below the parapet’ as we say in English. It doesn’t
confront the consumer with too much radical change.
This is interesting and important, not least since it
questions how deep the commitment to consumer
sovereignty really is. If consumers are not demand-
ing such change, why is it being introduced? Let me
be clear. This is a good thing, but it does mean that
already the discourse about sustainability and sus-
tainable diets is no longerin the rigid ideological ter-
rain of consumer choice. Changes are being
introduced without consumer choice. Indeed, they
are restructuring what is meant by choice. These are
cautious and hopeful shifts in policy thinking, in ad-
vance of most politicians. But | am not alone, as a
policy observer, in my concerns about whether there
is sufficient urgency. The integration is not there for
the whole food system; nor is the required scale and
pace of change. No-one is yet leading efforts to
change culture rapidly.

If we want consumers to act as food citizens, surely
they need help in the form of new, overt ‘cultural
rules’, by which | means guidelines on the 21st
century norms of eating. We have quite a range of
means by which to do this, from ‘hard’ such as fis-
cal and legal measures, to ‘soft’ ones such as ed-
ucation and labelling. | doubt any system of
labelling could capture sustainable dietary advice.
Labels have not stopped the nutrition transition.
The introduction and design of labels themselves
tends to become a battleground, when they ought



to be policy means rather than ends.

In conclusion, | believe that the case for the better
definition of sustainable diets is overwhelming.
There is already sufficient evidence as to food’s im-
pact to warrant the creation of comprehensive sus-
tainable dietary guidelines at national, regional and
global policy levels. | listed earlier some policy
processes which might deliver these: panels, com-
missions, etc. But we also need to recognise that
definitions and guidelines do not engender change
on their own. They are means, not ends. External as
well as professional pressure to change is essen-
tial. It gives policy-makers both support and space
to come up with solutions. Pressure to change food
systems and policy direction is long overdue. Pro-
duction focus is no longer a sound or adequate goal
for food policy. We need a hard, cold look at the
fault-lines and power relations in current policy-
making: why some interests triumph. Food raises
fundamental questions about humanity’s relation-
ship to the planet: is it exploitative or facilitative,
democratic or sectional? On the Masters Pro-
gramme in Food Policy at my University, we fre-
quently give our students an exercise: you have five
minutes with the President (or Prime Minister or
Sovereign), what will you say? Here is my attempt
for the topic we are tussling over.

Firstly, we need to define sustainable diets, ur-
gently. We need to set up a process to do this, per-
haps many processes, but these must be
formalised. There will be resistance; some compa-
nies and institutions are wary, others are overtly
hostile, but more are beginning to see the point.
They are already engaging about sustainable pro-
duction, not least since rising oil prices are pushing
core costs upwards. This process can and should
appeal to the common good. It is among the 21st
century’s greatest challenges to eat within plane-
tary limits yet giving health, pleasure and cultural
identity.

Secondly, we need to clarify where biodiversity fits
into sustainable diets. Is the greatest contribution of
consumers just to eat less? To eat more simply? To
cut out or just down on meat and dairy? To eat the
same everywhere? (I doubt it) All year round the
same diet? (I doubt it.) But let's explore those questions.
Thirdly, we need to ensure appropriate institutional
structures. Have our countries, regions and world
bodies got the appropriate policy vehicles for these
discussions? Can the Convention on Biological Di-
versity be squared with the advice coming from
Health bodies or Trade bodies? Whose processes
matter most?

Fourthly, we must research which arguments and
factors are most effective in delivering consumer be-
haviour change. If we do not do that, our fine inten-
tions and evidence on the need to eat sustainably
might fail.

Fifthly, we must fuse nutrition and environmental
guidelines to generate new cultural rules, to guide
everyday norms and habits. Biodiversity protection
must be part of that. Nutrition education is currently
sadly almost blind to biodiversity, but this need to re-
main so. Even the countries trying to take a lead on
sustainable diets wrap the notion up in the "soft’ lan-
guage and instruments of choice. They shy away
from the real change agents such as fiscal impact on
price or regulatory frameworks shifting the ‘level
playing field” on which business can work. The full
range of policy instruments to frame choices isn’t
being applied. To be stark, the pursuit of sustainable
diets is an indicator of progress. It redefines what we
mean by progress.

We have much to do. We are not sure about what to
do about policy on sustainable diets yet, but we have
enough evidence and enough clarity about the crite-
ria by which sustainable diets might be judged to act
and to urge policy-makers to have courage to act
sooner rather than later.

25



26

References

Audsley, E., et al.,, How Low Can We Go? An assessment of
greenhouse gas emissions from the UK food system and the
scope for reduction by 2050 2010, FCRN and WWF: Godalming,
Surrey.

Barilla Centre for Food and Nutrition, Double Pyramid: health
food for people, sustainable food for the planet. 2010, Barilla
Centre for Food and Nutrition: Parma.

Brundtland, G.H., Our Common Future: Report of the World
Commission on Environment and Development (WCED) chaired
by Gro Harlem Brundtland. 1987, Oxford: Oxford University Press.

Commission on Social Determinants of Health, Report of the
Commission, chaired by Prof Sir Michael Marmot.
http://www.who.int/social_determinants/en/. 2008, World
Health Organisation: Geneva.

Dahlbacka, B. and P. Spencer, Sweden Withdraws Proposal on
Climate Friendly Food Choices. December 2, 2010. GAIN Report
SW1007. 2010, USDA Foreign Agricultural Service Global Agri-
cultural Information Network: Stockholm.

Darwin, C., On the origin of species by means of natural selec-
tion, or The preservation of favoured races in the struggle for
life. 1859, London: John Murray. ix, [1], 502, 32 p., [1] folded leaf
of plates.

De Schutter, 0., Reports of the UN Special Rapporteur on the
Right to Food. http://www.srfood.org. 2011, UN Economic and
Social Council: Louvain / Geneva.

FAO, Livestock’'s Long Shadow - environmental issues and op-
tions. 2006, Food and Agriculture Organisation: Rome.

FAO, Voluntary Guidelines to support the progressive realiza-
tion of the right to adequate food in the context of national food
security. Adopted by the 127th Session of the FAO Council No-
vember 2004. 2004, Food and Agriculture Organisation: Rome.

FAO, Declaration of the High-Level Conference on World Food
Security: the Challenges of Climate Change and Bioenergy.
June 3-52008. http://www.fao.org/fileadmin/user_upload/food-
climate/HLCdocs/declaration-E.pdf. 2008, Food & Agriculture
Organisation: Rome.

FAO and WHO, International Conference on Nutrition. Final re-
port of the conference. 1992, Food and Agriculture Organisa-
tion, and World Health Organisation: Rome.

Food Standards Agency IAC Project Team, Integrated advice for
consumers:  Discussion and analysis of options.
www.food.gov.uk/multimedia/pdfs/iacreport.pdf. 2010, Food
Standards Agency: London. p. 123.

German Council for Sustainable Development, The Sustainable
Shopping Basked: a guide to better shopping. 3rd edition. 2008,
German Council for Sustainable Development: Berlin.

Health Council of the Netherlands, Guidelines for a healthy diet:
the ecological perspective. 2011, Health Council of the Nether-
lands: The Hague.

IAASTD, Global Report and Synthesis Report. 2008, Interna-
tional Assessment of Agricultural Science and Technology De-
velopment Knowledge: London.

IUCN., Red List of Endangered Species. http://www.iuc-
nredlist.org/news/vertebrate-story. 2010, International Union
for the Conservation of Nature: Gland.

Lang, T., From "value-for-money' to "values-for-money'? Eth-
ical food and policy in Europe. Environment and Planning A,
2010. 42: p. 1814-1832.

Lang, T. and G. Rayner, Overcoming Policy Cacophany on Obe-
sity: an Ecological Public Health Framework for Politicians.
Obesity Reviews, 2007 8(1): p. 165-181.

Lang, T., D. Barling, and M. Caraher, Food Policy: integrating
health, environment and society. 2009, Oxford: Oxford University
Press.

National Food Administration (of Sweden) and E. Agency, Envi-
ronmentally effective food choices: Proposal notified to the EU.
2008, National Food Administration: Stockholm.

Sustainable Development Commission, Setting the Table: ad-
vice to Government on priority elements of sustainable diets.
2009, Sustainable Development Commission: London.

Sustainable Development Commission, Looking Forward, Look-
ing Back: Sustainability and UK food policy 2000 - 2011.
http://www.sd-commission.org.uk/publications.php?id=1187
2011, Susainable Development Commission: London.

Tukker, A., et al., Environmental Impact of Products (EIPRO):
Analysis of the life cycle environmental impacts related to the
final consumption of the EU-25. EUR 22284 EN. 2006, European
Commission Joint Research Centre: Brussels.

UNCED, Rio Declaration, made at the UNCED meeting at Rio
de Janeiro from 3 to 14 June 1992. 1992, United Nations Con-
ference on Environment and Development: Rio de Janeiro.

Unilever, Sustainable Living Plan 2010. http://www.sustainable-
living.unilever.com/the-plan/ [accessed December 12 2010].
2010, Unilever plc: London.

UNEP (Nellemann, C., MacDevette, M., Manders, T., Eickhout,
B., and B. Svihus, Prins, A. G., Kaltenborn, B. P. (Eds]), The
Environmental Food Crisis: The Environment's role in avert-
ing future food crises. A UNEP rapid response assessment.
2009, United Nations Environment Programme / GRID-Aren-
dal Arendal, Norway.

WHO, Global strategy on diet, physical activity and health. 57th
World Health Assembly. WHA 57.17, agenda item 12.6. 2004,
World Health Assembly: Geneva.

WWEF-UK, One Planet Food Strategy 2009-2012. 2009, WWF UK:
Godalming Surrey.

WWEF-UK, Tasting the Future. 2010, ADAS, Food & Drink Feder-
ation, Food Ethics Council and WWF: Godalming. p. Tasting t.



27







CHAPTER1
SUSTAINABL
AND BIC

29



BIODIVERSITY AND
SUSTAINABLE NUTRITION WITH
A FOOD-BASED APPROACH

Denis Lairon

President, Federation of European Nutrition Societies
INRA, UMR 1260 & INSERM, ERL 1025

University Aix-Marseille, Marseille, France




Abstract

It is time to face the evidence of a worldwide un-
sustainable food system. Its complexity makes it
extremely fragile to any climatic, socio-economic,
political or financial crisis. Thus, we urgently need
appropriate understanding and new strategies to
really accommodate present and future population
needs and well-being. In that context, we need
sustainable diets, with low-input, local and seasonal
agro-ecological food productions as well as short-
distance production-consumption nets for fair
trade. Cultural heritage, food quality and culinary
skills are other key aspects determining sustainable
dietary patterns and food security. Nutrition education
about appropriate food choices remains essential
everywhere. It thus appears very urgent to profoundly
change our food strategy and to promote fair, cul-
turally-appropriated, biodiversity-based, ecofriendly,
sustainable diets. Authorities should urgently
assume their responsibilities by orienting and
supporting the appropriate and sustainable food-
stuff productions and consumptions in all parts of
the world.

1. Introduction

As the President of the Federation of European
Nutrition Societies (FENS], gathering national
nutrition societies of 24 countries in Europe, | was
very pleased to have the FENS as one of the organi-
zations associated to the International Scientific
Symposium “Biodiversity and sustainable diets
united against hunger”, organized at FAO head-
quarters in Rome, 3-5 November 2010.

At the beginning of this new millennium, we are still
facing an alarming challenge. One billion poor
people still suffer from hunger and malnutrition
while about 2 billion show undernutrition and
micronutrient deficiencies (FAQ, 2011). At the same
time, about 2 billion are overweight and/or obese, a
steadily increasing number in all countries in the
world (WHO, 2011).

This double burden is found in both poor developing

countries as well as in Brazil, Russia, India and
China. It is noteworthy that an important fraction of
the population in industrialized countries is suffer-
ing from poverty too and inadequate food and nutri-
ent intakes. The recent trends for these patterns are
quite alarming (CDC, 2011) thus highlighting the
overall inadequacy of food supply and dietary patterns
during the last decades and present time worldwide.
For a few decades only, a multinational, industrial
agrofood system developed worldwide that has
progressively shifted producer activities as well as
consumer demand and attitude. It has been clearly
shown that low-cost foods are those energy-dense
(fat- and sugar-rich) and nutrient-poor (Maillot et
al., 2007), inducing both deficiencies and overweight
consequences of inappropriate food choices driven
by household income and education level. The dras-
tic changes that recently occurred and presently
occur in most countries seem to originate in the
erosion of the traditional ways of life and culture as
the new “Western/North American” food model and
system spreads over the world. This “modern”
trend is now clearly facing the challenge of sustain-
ability, both in terms of land use for food production,
farmers’ income and poverty, water availability,
pollution of the environment by chemicals and
pesticide residues, fossil energy decline and cost,
environment and biodiversity degradation, climate
change and global warming. As discussed below,
this global challenge (Godfray et al., 2010) urgently
needs appropriate understanding as well as new at-
titudes and appropriate strategies from the research
and development sector and stakeholders to really
accommodate present and future population needs
and well-being.

2. Facing the evidence of an unsustainable food
system

Indeed, the present food production, food supply
and food consumption system does not generally fit
present and future human needs, because it is unable
to satisfactorily feed everybody and relies on high
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fossil energy use, chemicals, and energy inputs,
long-distance transport, low-cost human work and
cultural loss. It generates both micronutrient and
fibre deficiencies as well as excess intakes of fat and
sugar promoting overweight and obesity in a general
trend of reduced physical activity and body energy
expenditure. Food choices and their determinants
are in fact central to the present situation. It is well
known that they are increasingly driven by the world-
wide economic sector through industrialized
production simplification, generalized intensive food
processing and refining, aggressive food distribution
and advertising. In contrast, they are progressively
less influenced by the local cultural heritage and a
suited integration in the environment.

This very new food system has been developing
since the mid-twentieth century, i.e. two human
generations ago only, and it is known to generate
large greenhouse gas emissions and promote marked
alterations of ecosystems such as biodiversity loss,
deforestation, soil erosion, chemical contamina-
tions, water shortage. Specifically, it is widely based
on a very low diversity of cultivated food crops and
cultivars/breeds and an apparent but limited vari-
ety of foodstuffs purchased, processed and con-
sumed. Despite an apparent opulence, the
complexity of the present food supply system makes
it extremely fragile to any climatic, socio-eco-
nomic, political or as recently financial crisis
(Brinkman et al., 2010). This very recently happened
with the rice financial crisis with prices increased
fourfold in a few months in 2008 highlighting impli-
cations of high food prices for global nutrition
(Webb, 2010) or with the 2011 earthquake in Japan
that emptied food stores within 3 days in highly
urbanized areas.

The high energy content of most food consumed can
fit the important needs of people with a high energy
expenditure but is in excess for most urbanized
sedentary people. In addition, the low nutrient/fibre
density of generally consumed food (raw and
processed) is a widely acknowledged concern in all

countries. As an example, the fibre, mineral, vitamin
and anti-oxidant content of wholewheat bread
compared with refined-wheat bread is about three to
fourfold higher for the same amount of energy. The
proportion of animal food (especially processed
meat and full-fat dairies) is generally in large
excess compared to minimal needs and markedly
raises the cost of the daily diet (Maillot et al., 2007).

3. An urgent need for sustainable diets

There is thus an urgent need to launch a new strat-
egy to develop the concept and use of sustainable
diets in the various contexts of industrialized and
developing countries, to ensure food security and
quality. Such systems should be based on low-input
agro-ecological staple food production including
limited animal husbandry, short-distance produc-
tion-consumption nets, minimal food processing
and refining, important culinary skills, diet and nu-
trition education, and firm links to positive traits of
ancestral local cultures as well as appropriate use
of recent technology tools. Biodiversity improve-
ment appears to be a key for sustainable food pro-
duction and food consumption.

3.1 Low-input agro-ecological food production

Since the origin of agriculture until the nineteenth
century, the food production systems in very different
geo-climatic contexts all over the world were low-
input, ecologically integrated by necessity. Impressive
skills have been developed over millennia and
centuries to adapt to the specific environments and
available means, and improve farming methods to
sustain human development. While this process
allowed the human species survival it was not
sufficient to provide anybody appropriate food any
time. This facilitated the emergence in the twentieth
century of the intensive industrial agriculture
system based on high fossil energy and chemical
use. Although yields improved in the short term,
present limits and persistence of one billion under-
nourished request new orientations, in the context



of the rapid and important increase in the population
in some parts of the world. In fact, it has already
been advocated through a conference co-organized
by FAO (El-Hage Scialabba, 2007) that appropriate
agro-ecological food production systems can perform
better (around 180%) than agro-industrial ones to
provide food to people in developing countries by
combining traditional knowledge and skills with
more recent concepts and means. This could allow
the necessary improvement in staple foods yields in
a sustainable way protecting natural and cultivated
biodiversity as well as avoiding poisoning of
ecosystems and humans. This has again been recog-
nized by the 0. De Schutter, UN Special rapporteur
on the right to food by stating: “Small-scale farmers
can double food production within 10 years in critical
regions by using ecological methods. Agro-ecology
is an intensive-knowledge approach: it requires
public policies supporting agricultural research”
(De Schutter, 2011). In industrialized countries,
agro-ecological food production systems, generally
called “organic” and supported in Europe by the
Commission already represent 10 percent or even
more of the agricultural sector and prove to be effi-
cient to provide quality food with reasonable yields
while respecting environment. It is a sounded approach
towards the necessary need to integrate nutrition
and ecology (McMichael, 2005).

3.2 Local production and short-distance production-
consumption nets

To produce locally most staple food is the best way
to ensure food security and to avoid disturbances
due to globalization and international uncertainties.
In line with the above points, this implies to grow
productions in season with minimal inputs to improve
sustainability. This would stimulate the search for
adapted species and varieties and thus increase
cultivated biodiversity.

These seasonally produced foods should be better
consumed locally. This will optimize the flavours,
tastes and nutritional quality of those foods harvested

at top maturity and thus will favour their consumption
(especially for fruit and vegetables). Short-distance
purchases would limit transportation energy use and
direct sales from farmers to consumers through
new local organizations is the best way to get good
prices in a fair trade as well as knowledge, under-
standing and confidence, thus the best way to rec-
oncile the urban citizen and producers and be a
better part of the whole ecosystem.

3.3 Food quality, culinary skills, dietary patterns
and nutrition education

As introduced before, an overall food quality is a
prerequisite for an optimal nutrition.

Regarding produced raw food, an optimal quality
lies in tasty products, with high nutrient content and
no/minimal contaminations by chemical toxicants.
The products raised through the agro-ecological
methods such as certified organic ones generally fit
these two requirements by improving the dry matter
and some nutrients contents and minimizing chemical
and nitrate contaminations as recently reviewed
(Rembialkowska, 2007; FSA, 2009; Lairon, 2010).
Minimal processing can be one of the best ways to
keep original flavours and taste, without any need
to add artificial flavouring or additives, or too much
salt. This would also be the efficient way to keep
most nutrients, especially the most sensitive ones
such as many vitamins and anti-oxidants. Milling of
cereals is one of the most stringent processes
which dramatically affect nutrient content. While
grains are naturally very rich in micronutrients,
anti-oxidants and fibre (i.e. in wholemeal flour or
flakes), milling usually removes the vast majority of
minerals, vitamins and fibres to raise white flour.
Such a spoilage of key nutrients and fibre is no longer
acceptable in the context of a sustainable diet aiming
at an optimal nutrient density and health protection.
In contrast, fermentation of various foodstuffs or
germination of grains are traditional, locally acces-
sible, low-energy and highly nutritious processes of
sounded interest.
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Home processing of food, essentially cooking, is a
cultural heritage of all people groups. Given the
energy source does not compromise the ecosystem, it
allows local preparation of foods of easy digestibility
and of variable and enjoyable kinds. Cooking allows
the use and mix of a huge variety of foods, herbs and
spices. It identifies individuals and people groups
around their cultural traditions, skills and way of life.
Dietary patterns are acknowledged as the best
descriptors of the day life food intake habits and of
recommended nutrition guidelines. They can rely
more or less on diversity, cultural heritage or
healthiness. Overall, some patterns are thought to
be rather detrimental such as the “Western diet pat-
tern” which is energy-dense, rich in meats and
dairies, saturated fat and sugar and poor in some
micronutrients and fibre. Some others of “prudent”
type are recommended which are more nutrient-
dense and plant foods-based, with plenty of fruit, veg-
etables, nuts, wholegrains and some fish. In
addition, knowledge, concepts and tools are now
available to scientifically design the minimal
changes necessary in terms of food consumed to
make people able to fit the recommended nutrient
and fibre intakes necessary to maintain and promote
health (Maillot et al., 2010 and 2011). In addition to
empirical knowledge and tools, this new approach
could help to identify and promote better food
choices. Another necessary approach is to analyse
the sustainability of dietary patterns in terms of life-
cycle assessment and energy and land require-
ments (Carlsson-Kanyama et al., 2002; Duchin,
2005). In fact, most traditional local dietary patterns
are of the “prudent” type, the most famous being
the Mediterranean (Willett et al., 1995; Sofi et al,,
2008; Bach-Faig et al., 2011) and the Asian ones.
Their unfortunate progressive disappearance is
associated with the erosion of the local culture and
traditional food system, and a key challenge is to
stop this negative trend and allow a sounded
renewal and updating of such dietary patterns. This
is now done with the modern Mediterranean dietary

pyramid (Bach-Faig et al., 2011; Reguant-Aleix et al.,
2009) which aims to reconcile traditional food pro-
ductions and way of life with sounded food choices to
fulfil nutrient requirements and fit with low energy
use and environment and biodiversity protection.
Another example comes from Northern Europe
where health-promoting and environment friendly
regional diets have been designed for Nordic countries
(Bere and Brug, 2008).

Information and education about appropriate food
choices is thus essential to improve the present
situation in all countries given it is within a framework
of sustainability, i.e. accounting for nutrition, culture,
pleasure, equity, well-being and health, environment
and biodiversity protection for all as illustrated in
Figure 1.

Well-being,
health

Food and
nutrient needs,
Food security,
accessibility

Biodiversity,
environment,
climate

| Sustainable
\  diets

Equity,
fair trade

Cultural
heritage,
skills

Eco-friendly,
local, seasonal
foods

Figure 1. Schematic representation of the key components of a
sustainable diet.

4. Conclusion

Somewhat opposite to the present economy, tech-
nology and finance domination, examples from
agro-ecological local food systems that have the
potential to supply people in rural as well as urban
areas with appropriate food in terms of quantity and
quality should be accounted for. This implies that
the worldwide amazing food culture heritage is pro-
tected and further optimized to fit new challenges,
especially to ensure food security. Appropriate and
diversified cultivars or breeds should be cultivated



or raised, farming practices should improve bio-
diversity, protect soil, forest and water, minimize
chemical contamination of people and food, sustain
ecosystems in the long term and reduce global
warming. Authorities should urgently assume their
responsibilities by orienting and supporting the
appropriate and sustainable foodstuff productions
and consumptions.

Food and diets are among the key social determinants
of health and well-being, but the present food
system is profoundly unfair and generates social
injustices. From the past half-century experiences
and present trends, we are convinced that it be-
comes very urgent to profoundly change our food
strategy and to promote fair, culturally-appropriated,
biodiversity-based, sustainable diets. This is indeed
a considerable challenge for nutritionists too.
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1. The interlinkages between biodiversity and
human well-being

Biological diversity, known as biodiversity, underpins
the well-being of society. The poor, who depend
disproportionately on biodiversity for their subsis-
tence needs, suffer first and most severely from its
degradation, but we all ultimately rely on biodiver-
sity. Growing recognition of the links between
ecosystem services and human well-being (Figure 1).
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Figure 1. Biodiversity is affected by drivers of change and also
is a factor modifying ecosystem function. It contributes directly
and indirectly to the provision of ecosystem goods and services.
These are divided into four main categories by the Millennium
Ecosystem Assessment: goods (provisioning services) are the
products obtained from ecosystems; and cultural services
represent non-material benefits delivered by ecosystems. Both
of these are directly related to human well-being. Regulating
services are the benefits obtained from regulating ecosystem
processes. Supporting services are those necessary for the
production of all other ecosystem services (Secretariat of the
Convention on Biological Diversity, 2006).

implies that biodiversity should be a priority in na-
tional and international efforts to address health
and well-being, including nutrition and food secu-
rity, as well as gender equity and poverty reduction
in the context of sustainable development. However,
this is often not the case and the continuing failure
to recognize the value of biodiversity and its role in
underpinning ecosystem services is rapidly pushing
us towards critical tipping points, where many
ecosystems risk shifting into new states in which
the capacity to provide for the needs of present and
future generations is highly uncertain. Actions taken
over the next two decades will determine whether
the relatively stable environmental conditions on
which human civilization and well-being depends
may continue beyond this half century.

2. The 2010 targets and the status of biodiversity

In April 2002, the Parties to the Convention on Bio-
logical Diversity (CBD) (see www.cbd.int for further
information) agreed “to achieve, by 2010, a significant
reduction in the current rate of biodiversity loss at the
global, regional and national level as a contribution to
poverty alleviation and to the benefit of all life on
Earth”. This pledge was subsequently endorsed by
the World Summit on Sustainable Development in
Johannesburg later in 2002, and by the UN General
Assembly, as well as being incorporated as a new
target within the Millennium Development Goals
(Goal 7b).

The final review of progress towards the 2010 target
was undertaken as part of the third edition of the
Global Biodiversity Outlook (GB0O-3) (Secretariat of
the Convention on Biological Diversity, 2010). GBO-3
concluded that the 2010 target had not been met at
the global level, despite the many actions taken in
support of biodiversity, as the actions were not of a
sufficient scale to address the pressures on biodi-
versity in most places.

Of the headline indicators used to assess progress
towards the 2010 target, ten show trends unfavourable
for biodiversity, while three show no clear global
trend and only two show positive trends (Figure 2).
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Figure 2. Trends of headline indicators of the 2010 biodiversity
target with indicators of particular relevance to food and nutrition
highlighted in red boxes (Secretariat of the Convention
on Biological Diversity, 2010).

3. Future scenarios for global biodiversity and
impacts for health

To examine different possible futures, GBO-3 exam-
ined available models that project the likely out-
come of differing trends for biodiversity in the
coming decades, and reviewed their implications for
human societies. Three of the main conclusions
from the analysis are that the projected impact of
global change on biodiversity shows continuing and

Threats to biodiversity

Nitrogen deposition

Trends in invasive alien species

N N

Sustainable use

Area of forest, agricultural and
aquaculture ecosystems under
sustainable management

Ecological footprint and related concepts

NN

Status of traditional knowledge, innovations and practices

Status and trends of linguistic diversity
and numbers of speakers of indigenous
languages

Status of access and benefit sharing

7 Indicators of access and benefit-sharing
- to be developed

Status of resources transfers

Official development assistance (0DA)
provided in support of the Convention

often accelerating species extinctions, loss of natural
habitat, and changes in the distribution and abundance
of species, species groups and biomes over the
twenty-first century; secondly, there is a high risk
of dramatic biodiversity loss and accompanying
broad range of ecosystem services if the Earth’s
systems are pushed beyond certain tipping points
(Figure 3]; and thirdly, the study concludes that
biodiversity loss and ecosystem changes could be
prevented, significantly reduced or even reversed,
if strong action is applied urgently, comprehensively
and appropriately, at international, national and
local levels.
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Figure 3. The mounting pressures on biodiversity risks pushing
some ecosystems into new states, with severe ramifications for
human well-being as tipping points are crossed. While the
precise location of tipping points is difficult to determine, once
an ecosystem moves into a new state it can be very difficult, if
not impossible, to return it to its former state (Secretariat of the
Convention on Biological Diversity, 2010).
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Figure 4. Conservation status of medicinal plant species in
different geographic regions. The greatest risk of extinction
occurs in those regions where medicinal plants are most widely
used (Secretariat of the Convention on Biologival Diversity 2010
adapted from Vié et al., 2008).

4. What does this mean for global food security and
health?

Ecosystems around the world are becoming increas-
ingly fragmented and species used for food and med-
icine are at an increasing risk of extinction (Figure 4).
In addition to fragmentation, the degradation of
freshwater, marine and terrestrial ecosystems is
also a threat to food security. For example, the
world’s fisheries employ approximately 200 million
people and provide about 16 percent of the protein
consumed worldwide. However, almost 80 percent
of the world marine fish stocks, for which assessment
information is available, are fully exploited, overex-
ploited, depleted or recovering from depletion
(FAO Fisheries and Aquaculture Department, 2009).
While the average maximum size of fish caught has
declined by 22 percent since 1959 globally for all
assessed communities and, in addition, there is an
increasing trend of stock collapses over time, with
14 percent of assessed stocks collapsed in 2007
(Worm et al., 2009).

Over the period 1980-2003, nearly one-quarter (24%)
of the world’s land area was undergoing degradation,
as measured by a decline in primary productivity.
Degrading areas included around 30% of all forests,
20% of cultivated areas and 10% of grasslands.
Around 16% of land was found to be improving in
productivity, the largest proportion (43%) being in
rangelands. The areas where a degrading trend
was observed barely overlapped with the 15% of
land identified as degraded in 1991, indicating that
new areas are being affected and that some regions
of historical degradation remain at low levels of
productivity (Bai et al., 2008).

In addition to the decline in species populations,
there is also a decline in genetic diversity in natural
ecosystems and in systems of crop and livestock
production. The decline in species populations,
combined with the fragmentation of landscapes,
inland water bodies and marine habitats, have led
to an overall significant decline in the genetic diver-
sity of life on Earth (Figure 5).
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Figure 5. Large numbers of breeds of the five major species of
livestock are at risk from extinction. More generally, among 35
domesticated species, more than one-fifth of livestock breeds,
are classified as being at risk of extinction (FAO, 2007).

While this decline is of concern for many reasons,
there is particular anxiety concerning the loss of
diversity in the varieties and breeds of plants and
animals used to sustain human livelihoods.

The reduction in the diversity of breeds has so far
been greatest in developed countries, as widely-
used, high-output varieties have come to dominate.
However, the general homogenization of landscapes
and agricultural varieties can make the food security
of poor and marginalized populations vulnerable to
future changes. For example, it is estimated that 21
percent of the world’s 7 000 livestock breeds
(amongst 35 domesticated species of birds and
mammal] are classified as being at risk, and the
true figure is likely to be much higher as a further
36 percent are of unknown risk status (FAO, 2007).
More than 60 livestock breeds are reported to have
become extinct during the first six years of this century
alone (FAO, 2007).

In many developing countries, changing market
demands, urbanization and other factors are lead-
ing to a rapid growth of more intensive animal pro-
duction systems. This has led to the increased use of
non-local breeds, largely from developed countries,
and it is often at the expense of local genetic re-
sources. In addition, the cross-breeding of indige-
nous and imported breeds is also leading to the loss
of genetic diversity. For example, in Thailand, with

the import of foreign breeds of livestock, indigenous
breeds such as the Khaolamppon cow (species
name 1), the Rad pig (species name 2], the Hinan pig
(species name 3] and the Nakornpratom duck
(species name 4] are disappearing (Office of Natural
Resources and Environmental Policy and Planning,
2009), while in China there has been a decline in the
number of local rice varieties from 46 000 in the
1950s to slightly more than 1 000 in 2006 (Chinese
Ministry of Environmental Protection, 2008).

In addition to biodiversity providing food for human
health, biodiversity underpins the functioning of the
ecosystems which are responsible for providing
freshwater, regulating climate, floods and diseases;
providing recreational benefits as well as fibres,
timbers and materials; aesthetic and spiritual
enrichment; and supporting services such as soil
formation, pollination, photosynthesis and nutrient
cycling (Millennium Ecosystem Assessment, 2005).
Biodiversity also contributes to local livelihoods,
medicines (traditional and modern) and economic
development. Ultimately, all human health depends
on ecosystem services that are made possible by
biodiversity. In this way, biodiversity can be consid-
ered as the foundation for human health and thus,
biodiversity conservation, the sustainable use of
biodiversity and the equitable sharing of its benefits
is a global responsibility at all levels and across all
sectors.

Previous actions in support of biodiversity have
generally focused on addressing the direct pressures
causing its loss and on intervening directly to improve
the state of biodiversity, for example in programmes
to protect particular endangered species. An estimated
80 percent of Parties reported in their fourth national
reports to the CBD that biodiversity was important
for human well-being in their country including,
amongst other things, as a source of food. However,
there has been limited action to address the under-
lying causes or the indirect drivers of biodiversity
loss, such as demographic change, consumption
patterns or the impacts of increased trade. Equally,
action has tended not to be focused specifically on



protecting, and promoting, the benefits provided by
ecosystems. The responses from now on should
target these neglected aspects of biodiversity loss,
while continuing to reduce direct pressures and
intervening to protect threatened species and
ecosystems.

5. Response of the Parties to the Convention on Bi-
ological Diversity

At its tenth meeting of the Conference of the Parties
(COP 10J, held in Nagoya, Japan in October 2010, the
Parties to the CBD adopted a new ten-year Strategic
Plan for Biodiversity to guide international and
national efforts. The vision of this Strategic Plan is
a world “living in harmony with nature” where “by
2050, biodiversity is valued, conserved, restored and
wisely used, maintaining ecosystem services,
sustaining a healthy planet and delivering benefits
essential for all people”.

The Strategic Plan includes 20 headline targets,
known as the “Aichi Biodiversity Targets”, which are
organized under five strategic goals of 1] addressing
the underlying causes of biodiversity loss 2] reducing
the pressures on biodiversity 3) safeguarding bio-
diversity at all levels 4] enhancing the benefits for all
provided by biodiversity, and 5) enhancing implemen-
tation including by providing for capacity-building.
Most of the Aichi Biodiversity Targets have indirect
links to food, nutrition and sustainable diets. The
following are particularly relevant:

a) Target 3: By 2020, at the latest, incentives, includ-
ing subsidies, harmful to biodiversity are eliminated,
phased out or reformed in order to minimize or avoid
negative impacts, and positive incentives for the
conservation and sustainable use of biodiversity are
developed and applied [...]. Fishery subsidies that
contribute to overfishing globally are potential areas
for reform as is the continued and deepened reform
of production-inducing agricultural subsidies. Bear-
ing in mind the principle of common but differenti-
ated responsibilities, this target does not imply a need
for developing countries to remove subsidies that
are necessary for poverty reduction programmes.

b) Target 4: By 2020, at the latest, governments,
business and stakeholders at all levels have taken
steps to achieve or have implemented plans for
sustainable production and consumption [...].
Reducing total demand and increasing efficiency
will contribute to the target and can be pursued
through each production- and consumption-related
sector, including agriculture and fisheries, develop-
ing and implementing plans for this purpose.

c) Target 6: By 2020, all fish and invertebrate stocks
and aquatic plants are managed and harvested
sustainably, legally and applying ecosystem-based
approaches [...]. Better management of harvested
marine resources is needed to reduce pressure on
marine ecosystems and to substantially diminish
the likelihood of fishery collapses and hence better
support food security.

d) Target 7: By 2020, areas under agriculture, aqua-
culture and forestry are managed sustainably,
ensuring conservation of biodiversity. The ecologically
unsustainable consumption of water, use and run-off
of pesticides and excess fertilizers, and the conversion
of natural habitats to uniform monocultures, amongst
other factors, have major negative impacts on bio-
diversity inside and outside of agricultural areas. On
the other hand, sustainable agricultural areas not
only contributes to biodiversity conservation but
can also deliver benefits to production systems in
terms of services such as soil fertility, erosion control,
enhanced pollination and reduced pest outbreaks, as
well as contributing to the well-being and sustainable
livelihoods of local communities engaged in the
management of local natural resources.

e) Target 13: By 2020, the genetic diversity of culti-
vated plants and farmed and domesticated animals
and of wild relatives, including other socio-eco-
nomically as well as culturally valuable species, is
maintained, and strategies have been developed
and implemented for minimizing genetic erosion
and safeguarding their genetic diversity. While
substantial progress has been made in safeguarding
many varieties and breeds through ex situ storage
in gene banks, less progress has been made in situ.
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In situ conservation, including through continued
cultivation on farms, allows for ongoing adaptation
to changing conditions (such as climate change) and
agricultural practices.

f) Target 14: By 2020, ecosystems that provide
essential services, including services related to water,
and contribute to health, livelihoods and well-being,
are restored and safeqguarded [...]. Ecosystem serv-
ices related to the provision of water and food are
particularly important in that they provide services
that are essential for human well-being. Accord-
ingly, priority should be given to safeguarding or
restoring such ecosystems, and to ensuring that
people, especially women, indigenous and local
communities and the poor and vulnerable, have
adequate and secure access to these services.

g) Target 15: By 2020, ecosystem resilience and the
contribution of biodiversity to carbon stocks has
been enhanced, through restoration of at least 15
percent of degraded ecosystems [...]. Deforestation
and other habitat changes lead to the emission of
carbon dioxide, methane and other greenhouse
gases. However, restored landscapes and seascapes
can improve ecosystem resilience and contribute
to climate change adaptation, while generating
additional benefits for people, in particular indigenous
and local communities and the rural poor. Consoli-
dating policy processes and the wider application of
these efforts could deliver substantial co-benefits
for biodiversity and local livelihoods.

The Aichi Biodiversity Targets are an overarching
framework on biodiversity not only for the biodiversity-
related conventions, but for the entire United
Nations system. Parties to the CBD agreed at the
COP 10 meeting to utilize the flexible framework
provided by the Strategic Plan for Biodiversity to set
their own targets and incorporate these into national
biodiversity strategy and action plans (NBSAPs]
within two years, taking into account national needs
and priorities and also bearing in mind national con-
tributions to the achievement of the global targets
(see decision X/2). Additionally, in decision X/10, the

COP 10 meeting decided that the fifth national reports,
due by 31 March 2014, should focus on the implemen-
tation of the 2011-2020 Strategic Plan and progress
achieved towards the Aichi Biodiversity Targets.

The opportunity for urgent and sustained action
towards implementation of the Strategic Plan for
Biodiversity was also reflected in a number of other
COP 10 decisions (see Programme of Work on
Agricultural Biodiversity decision X/34) in which the
COP acknowledged the importance of agrobiodiversity
including underutilized crops for food security and
nutrition, especially in the face of climate change
and limited natural resources; the need to conserve
in situand ex situ genetic diversity/resources, species
and ecosystems/habitats in adequate quantity and
quality that are important for food production; the
opportunity to better use food, agroecosystems and
natural systems sustainably; possibilities for reha-
bilitation/restoration of agricultural ecosystems and
landscapes; strengthening of approaches which
promote the sustainability of agricultural systems
and landscapes, such as Globally Important Agri-
cultural Heritage Systems (GIAHS) and those in the
Satoyama Initiative (Decision X/32), which aim to
maintain and rebuild “socio-ecological production
landscapes (SEPLs)” that include villages, farmland,
adjacent woods, grassland and coasts for the benefit
of biodiversity and human well-being; promoting
public awareness of the importance of agricultural
biodiversity and its relationship to food security.
While, as part of the Mountain Biodiversity programme
of work COP 10 noted the need to periodically
collect and update information on genetic resources,
particularly those related to food and agriculture
(Decision X/30).

In addition, as part of the development and imple-
mentation of its access and benefit-sharing legislation
or regulatory requirements, each Party shall consider
the importance of genetic resources for food and
agriculture and their special role for food security
(see Nagoya Protocol on Access and Benefit Sharing,
Article 8c. Special Considerations). Food, and food
security, is one of the possible non-monetary benefits



that can be equitably shared.

COP 10 also examined the conservation and sustain-
able use of bushmeat (Decision X/32], while taking
into consideration Article 10c as related to customary
sustainable hunting practices for the livelihoods of
indigenous and local communities and noted, amongst
other aspects, that there is a need to develop options
for small-scale food and income alternatives in
tropical and sub-tropical countries based on the
sustainable use of biodiversity in order to support
current and future livelihood needs and food security.

6. Conclusions

For millennia, people’s use of biodiversity and
ecosystem services has contributed to human health
and development. Biodiversity is crucial due to the
services it provides for our well-being. Sustainable
development relies on biodiversity therefore develop-
ment strategies that undermine biodiversity are coun-
terproductive for poverty alleviation and human
well-being.

The recognition of the links between biodiversity,
sustainability and human health present a significant
challenge to current paradigms in many sectors. In
support of the urgent need for action at all levels,
the United Nations General Assembly, in Resolution
65/161, proclaimed the period from 2011 to 2020 as
the United Nations Decade on Biodiversity.
Biodiversity loss is not a separate issue from the
core concerns of society, including issues of nutrition,
food security and sustainable development.

The current trends in biodiversity conservation
and ecosystem services undermine these global
goals and will impact on achievement of the
Millennium Development Goals. With adequate
resources and political will, this generation can
take active steps to implement the Strategic Plan
for Biodiversity and simultaneously contribute to
achievement of the Millennium Development Goals
of eradicating extreme poverty and hunger (goal 1)
and ensuring environmental sustainability (goal 7);
hence sustaining a healthy planet and benefits for
all people.
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Abstract

With less than five years left to accomplish the
Millennium Development Goals (MDGs), it is with
great hope that nutrition remains a central theme in
achieving them. One of the targets of the first MDG
is to reduce the proportion of people who suffer from
hunger by half between 1990 and 2015, with hunger
measured as the proportion of the population who
are undernourished and the prevalence of children
under five who are underweight. In low and middle
income countries progress has been mixed. With one
billion people hungry, 129 million and 195 million
children are underweight and stunted respectively.
Of the 117 countries analysed by UNICEF in late 2009,
63 are on track to meet the MDG1 target based on the
proportion of children underweight. From this review,
most strategies being implemented and scaled are
focused on the direct nutrition-specific interventions
- critically important and necessary. However the
“nutrition-sensitive” interventions are less clear,
particularly those in agriculture and agricultural
biodiversity. This review provides an overview of the role
of agricultural biodiversity in food and nutrition
systems and its potential importance in addressing
the determinants of malnutrition and a road to
sustainable progress in achieving MDG1 and beyond.
Integrating agriculture and agricultural biodiversity
practices with broader nutrition-sensitive interventions
to address underlying causes of nutrition insecurity is
critical for generating durable and longer-term
gains. Such an approach would inherently build on
the knowledge and capacities of local communities
to transform and improve the quality of diets for better
child health and nutrition. Success in achieving the
MDG1 hunger target will hinge on addressing the
root causes of poor nutrition - through evidence-
based and contextually relevant food system approaches
that can rapidly be taken to scale.

Poverty reduction goals that the world agreed
upon: The Millennium Development Goals
At the Millennium Summit in September 2000 the

largest gathering of world leaders in history adopted
the UN Millennium Declaration, committing their
nations to a bold global partnership to reduce
extreme poverty and to address a series of time-
bound health and development targets. Among
these MDGs is a commitment to reduce the proportion
of people who suffer from hunger by half between
1990 and 2015. In 2011, some countries remain far
from reaching this target, and ensuring global food
security persists as one of the greatest challenges
of our time. In the developing world, reductions in
hunger witnessed during the 1990s have recently
been eroded by the global food price and economic
crises.

There are currently an estimated 925 million people
suffering food and nutrition insecurity; however
with food price increases, these estimates may be
conservative (FAO, 2010). In addition to those who are
hungry, there are also 195 million children under five
years of age who are stunted and of those children,
90 percent live in just 36 countries. Malnutrition
takes its toll; it is responsible for 35 percent of all
child deaths and 11 percent of the global disease
burden. Micronutrient deficiencies, known as hidden
hunger, undermine the growth and development,
health and productivity of over two billion people. At
the same time, an estimated one billion people are
overweight and another 300 million are obese in both
the developed and developing world (WHO, 2006)
which contributes to non-communicable disease
risk such as diabetes and heart disease. With over-
nutrition, many countries and urban communities in
the developing world are experiencing the nutrition
transition - going from undernutrition to obesity
caused by insufficient exercise, sedentary lifestyles
and unhealthy diets (Popkin, 2008).

Global, regional and national progress towards the
MDG1 hunger target

One of the objectives in defining the MDGs was to
create targets and objective indicators that could be
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used to set benchmarks and monitor country-level
progress. The MDG1 hunger target has two specific
indicators: the prevalence of underweight children
under five years of age, and the proportion of the
population below a minimum level of dietary energy
consumption.

In the developing world, the proportion of children
under five years of age who were underweight,
currently 129 million, declined from 31% to 26% be-
tween 1990 and 2008 (based on a subset of 86 coun-
tries with trend data for the period 1990 and 2008,
covering 89 percent of the developing world's pop-
ulation). The average annual rate of reduction
(AARR] of underweight is based on multiple data es-
timates available from 1990 to 2008 with the AARR
needed to achieve a 50% reduction over a 25-year
period (1990 to 2015). The rate of change required to
achieve the goal is a constant 2.8% reduction per
year for all countries. As of 2005, the AARR was at
1.4% per year which would reduce the proportion of
children underweight by 37% by 2015. This progress
is still insufficient to meet the goal of cutting
underweight prevalence by half globally. When taking
the recent crises into account, the task will be more
difficult, but not unachievable in some countries.

Progress on the prevalence of underweight children
Among low and middle income countries, the greatest
declines in the prevalence of children who are un-
derweight have been in the regions of Central and
Eastern Europe-Commonwealth of Independent
States, East Asia and the Pacific with many countries
in all three regions on track to reach the MDG target,
in a large part due to progress in China. Latin America
and the Caribbean also made progress, with levels
declining from 11% to 6% between 1990 and 2008,
with Mexico seeing major improvements in children
who are underweight. In the Near East and North
Africa, the prevalence of children who are under-
weight has remained roughly the same from 16% to
14% from 1990 to 2008. The stagnation in this region
is primarily driven by the situation in Sudan and Yemen.

The data also indicated that those living in cities
were twice less likely to be underweight than children
in rural areas. In South Asia, the prevalence of children
who are underweight declined from 54% to 48% be-
tween 1990 and 2008, but with such high prevalence
levels, attaining the target will be very difficult. In
India, progress has been slow, and the country has
the highest number of children who are stunted.
There have been small improvements in sub-Saharan
Africa, but the level of decline is too slow to meet
the MDG target. Prevalence has decreased from
32% to 26% from 1990 to 2008. Most of the children
who are underweight live in South Asia and Africa.

Of the 117 countries analysed by UNICEF, 63 are on
track to meet the MDG1 target based on the proportion
of children underweight. Three years ago, only 46
were on track, which holds some promise of im-
provements for certain countries. Of the 20 coun-
tries classified as not making any progress at all
towards MDG1, most are in Africa.

It is important to recognize that within regions, just
as within countries, great disparities exist in levels
of undernutrition. Globally, among the highest levels
of children stunted and underweight can be found
in Burundi, East Timor (Timor-Leste), Madagascar
and Yemen. In the Americas, Belize, Guyana and
Panama are off track in meeting MDG1. In sub-
Saharan Africa, countries with the highest under-
weight prevalence are Burundi, Chad, Eritrea,
Madagascar and Niger. Conversely, some countries
within the region are well on track to meeting MDG1
including Angola, Botswana, Congo, Ghana, Guinea-
Bissau, Mozambique, Sao Tome and Principe, and
Swaziland. In Asia, Bangladesh, India and Nepal are
in the top ten countries with the greatest proportion
of children underweight while Cambodia, Thailand
and Viet Nam are on track to meet MDG1.

Progress on the proportion of the population who
are undernourished
The proportion of undernourished in developing



countries, as measured by the proportion of population
below minimum level of dietary energy consumption,
decreased from 20% to 17% in the 1990s (a decrease
in absolute numbers of 9 million] but both the
proportion and absolute numbers have reversed
their trend and increased in 2008 due to the food price
crisis, which has severely impacted sub-Saharan
Africa and Oceania regions. Sub-Saharan Africa has
the highest proportion of undernourished with 29%
followed by Southern Asia including India at 22%.

Most of the hungry reside in Asia and the Pacific and
sub-Saharan Africa, much like the trends for under-
weight prevalence. Unfortunately, poor progress on
addressing hunger coupled with persistently high
fertility rates and population growth means the
absolute number of undernourished people has
been increasing since the 1990s. With 925 million
people undernourished (FAO, 2010) it will be difficult
to achieve either MDG1 or the 1996 World Food
Summit target of reducing the absolute number of
hungry people by half to 420 million by 2015 in many
parts of the world.

Addressing MDG1 as part of a larger global nutrition
effort

Scaling up nutrition-specific interventions

Poor nutrition arises from complex, multiple and in-
terrelated circumstances and determinants. The
immediate causes - inadequate dietary intake,
water and sanitation and related diseases, lack of
necessary knowledge - directly affect the individual,
with disease perpetuating nutrient loss and poor
nutritional status. Even without disease burden,
children with inadequate nutrient intake will not
grow sufficiently and are at risk of irreversible stunting.

The global community has responded to this mal-
nutrition crisis and the lack of progress particularly
amongst lagging countries (International Bank for
Reconstruction and Development, 2011) by focusing
on interventions that impact 90 percent of the global
burden of malnutrition. There has been a particular

focus on the “window of opportunity” - the first 1 000
days of a child’s life from the 9 months in utero to
2 years of age. This window is critically important
because nutritional setbacks during this time can
result in irreversible losses to growth and cognitive
potential, and reduce educational attainment and
earning potential. The Scaling Up Nutrition Frame-
work for Action (SUNJ," recently endorsed by over
100 global partners and policy-makers,? highlights
the need for early childhood and maternal nutrition-
specific interventions which can be grouped into
those that aim to:
e promote good child feeding and hygiene practices;
e provide micronutrient supplementation for young
children and their mothers;
e support the provision of micronutrients through
food fortification;
e treat acutely malnourished children with
therapeutic feeding.

These core interventions will be critically important
in addressing MDG1 as they are interventions with
sufficient evidence of impacting 90 percent of the
global burden of stunting in 36 countries, many of
which are in Africa. Impacting this “window of
opportunity” has a direct impact by reducing death,
diseases and irreversible harm to future economic
productivity. These actions are not costly and offer
high returns over the entire lives of children at risk
- interms of their mental development, earning power
and contribution to the economies and livelihoods of
their communities. These nutrition-specific inter-
ventions have been identified among five of the top
ten development investments that yield the highest
social and economic returns.

Ensuring agriculture is a part of the scale up process
While the underlying determinants of malnutrition
have been well understood for decades, the design,

" Scaling Up Nutrition, available at
http://www.unscn.org/en/scaling_up_nutrition_sun/sun_purpose.php

21000 days initiative, available at: http://www.thousanddays.org/
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testing and scaling of more holistic multisectoral
packages that combine child and maternal care and
disease control with nutrition-sensitive approaches,
have been limited in their development and imple-
mentation. These nutrition-sensitive approaches work
across development sectors to improve nutritional
outcomes by promoting agriculture and food
insecurity to improve the availability, access to and
consumption of nutritious foods, by improving social
protection (including emergency relief] and by
ensuring access to healthcare (including maternal
and child healthcare, water and sanitation, immu-
nization and family planning) (Nabarro, 2010). With
the tools and knowledge that are currently at our dis-
posal, there is a renewed global focus to include inter-
ventions that address the root causes of food and
nutrition security — both under- and overnutrition -
as part of a wider multisector approach, which
should be inclusive of agriculture.

Redirecting the global agriculture system to ensure
better nutrition is critically important as agriculture
is the main supplier of the world’s food. The current
global agriculture system is producing enough food,
in aggregate, but access to sufficient food that is
affordable and nutritious has been more challenging.
Agriculture systems have largely become efficient
at producing a handful of staple grain crops mainly
maize, rice and wheat. In developing countries and
particularly those in nutrition transition, people obtain
most of their energy from these staple grains along
with processed oils and fats, and sugars, resulting
in diets that often lack micronutrients and other
necessary dietary and health components.

Agriculture systems vary across the world-from
large-scale monocrop landscapes to smallholder
farmers who typically live on less than 2 ha of land.
Smallholder farmers often farm on marginal lands
without the tools, knowledge and resources to
improve production, yet in places such as Africa, 90
percent of farmers are subsistence smallholder
farmers. In the developing world, the majority of

smallholder farmers are net food buyers, and rural
households make up a substantial majority of the
world’s 900 million-plus hungry (FAO, 2010). As
individuals who buy more than they sell, the access
to affordable, nutritious food is a critical issue.
Achieving the MDG1 hunger targets clearly involve
the agriculture sector-many of the poor are farmers
and herders, as well as those who are hungry.
Agriculture contributes to MDG1 by increasing food
availability and incomes and contributing to eco-
nomic growth, and higher agricultural productivity.
By combining agriculture and economic growth
simultaneously, with investments in health and
education, child malnutrition can be reduced from
25% to 17% globally (Rosegrant et al., 2006).

Agrobiodiversity: a link to what is grown and what
is consumed?

Agriculture is the bedrock of the food system and
biodiversity is critically important to food and agri-
culture systems because it provides the variety of
life (Tansey and Worsley, 1995). Biodiversity includes
the variety of plants, terrestrial animals and marine
and other aquatic resources [(species diversity],
along with the variety of genes contained in all indi-
vidual organisms (genetic diversity), and the variety
of habitats and biological communities (ecosystem
diversity). Biodiversity is essential for humanity,
providing food, fibre, fodder, fuel and medicine in
addition to other ecosystem services.

FAO (2010) estimates that of a total of 300 000 plant
species, 10 000 plant species have been used for
human food since the origin of agriculture. Out of
these, only 150-200 species have been commercially
cultivated with four - rice, wheat, maize and potatoes
- supplying 50 percent of the world’s energy needs
and 30 crops providing 90 percent of the world’s
calorie intake. Intensification of agricultural
systems has led to a substantial reduction in the
genetic diversity of domesticated plants and animals
in agricultural systems. Some of these on-farm
losses of crop genetic diversity have been partially
offset by the maintenance of genetic diversity of



seed and animal resource banks. In addition to the
extinction of species, the loss of unique populations
has resulted in the erosion of genetic diversity
(contained in those species and populations)
(Millennium Ecosystem Assessment, 2008). Yet the
implications of this loss for the biodiversity and
quality of the global food supply is scarcely understood
and measured from a nutrition perspective.

BOX ONE:
The Convention on Biological Diversity’s Definition

Agricultural biodiversity includes all components of
biological diversity of relevance to food and agriculture,
and all components of biological diversity that constitute
the agricultural ecosystems, also named agro-ecosystems:
the variety and variability of animals, plants and micro-
organisms, at the genetic, species and ecosystem levels,
which are necessary to sustain key functions of the
agro-ecosystem, its structure and processes (CBD 2010).

Agricultural biodiversity specifically, pertains to the
biological variety exhibited among crops, animals
and other organisms used for food and agriculture,
as well as the web of relationships that bind these
forms of life at ecosystem, species and genetic
levels (see Box One]). It not only includes crops and
livestock directly relevant to agriculture, but also
many other organisms that have indirect effects on
agriculture, such as soil fauna, weeds, pollinators,
pests and predators. Agricultural biodiversity (or
agrobiodiversity) is a fundamental feature of sus-
tainable farming systems and encompasses many
types of biological resources tied to agriculture, in-

cluding (Thrupp, 2000):

* genetic resources - the essential living materials
of plants and animals;

e edible plants and crops, including traditional
varieties, cultivars, hybrids and other genetic
material developed by breeders;

e livestock (small and large, lineal breeds or
thoroughbreds) and freshwater fish;

e soil organisms vital to soil fertility, structure,
quality and health;

* naturally occurring insects, bacteria and fungi

that control insect pests and diseases of
domesticated plants and animals;

e agroecosystem components and types (polycultural/
monocultural, small-/large-scale, rainfed/
irrigated etc.) indispensable for nutrient cycling,
stability and productivity;

» “wild” resources (species and other elements] of
natural habitats and landscapes that can provide
ecosystem functions and services (for example,
pest control and stability) to agriculture; and

e pollinators, especially bees, bats and butterflies.

Agricultural biodiversity is the basis of the food and

nutrient value chain and its use is important for food

and nutrition security as potentially:

e asafety net against hunger;

e arich source of nutrients for improved diet
diversity and quality; and

e a basis to strengthen local food systems and
environmental sustainability.

This agricultural biodiversity includes species with
underexploited potential for contributing to food
security, health, income generation and ecosystem
services. Terms such as underutilized, neglected,
orphan, minor, promising, niche, local and traditional
are frequently used interchangeably to describe
these potentially useful species (both plant and animal)
which are not mainstream, but which have at least
significant local importance and considerable global
potential to improve food and nutrition security. Yet,
the major causes of neglect and underuse of these
important crops are often related to poor economic
competitiveness with commodity cereal crops, lack
of improved varieties or enhanced cultivation
practices, the inefficiencies in the processing and
value addition, disorganized or non-existent market
chains, and perception of these foods being “food of
the poor” (Jaenicke et al., 2009).

Interspecies and intraspecies variations of crops
represent a considerable wealth of local biodiversity
and could have potential for contributing to improved
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incomes, food security and nutrition with a better
understanding of their contribution and usage. They
also have considerable potential to enhance adaptation
to global climate change. Some of these species are
highly nutritious with other multiple uses; are
strongly linked to the cultural heritage of their places
of origin; are highly adapted to marginal, complex
and difficult environments and have contributed
significantly to diversification and resilience of agro-
ecological niches; and may be collected from the
wild or produced in traditional production systems
with little or no external inputs (Padulosi et al.,
2011; Bharucha and Pretty, 2010).

One area that requires further understanding is the
role of agricultural biodiversity for improving diet
diversity and dietary quality. Lack of diversity has been
shown to be a crucial issue particularly in the
developing world, where diets consist mainly of
starchy staples with less access to nutrient-rich
sources of food such as animal proteins, fruits and
vegetables. Diet diversity is a vital element of diet
quality - the consumption of a variety of foods across
and within food groups, and across different varieties
of specific foods, more or less guarantees adequate
intake of essential nutrients and important non-
nutrient factors.

Research has demonstrated a strong association
between diet diversity and diet quality, and nutritional
status of children (Arimond and Ruel, 2004; Kennedy
etal., 2007; Sawadogo et al., 2006; Rah et al., 2010).
It is also clear that household dietary diversity is a
sound predictor of the micronutrient density of the
diet, particularly for young children (Moursi et al.,
2008). Studies have also shown that dietary diversity
is associated with food security and socio-economic
status, and links between socio-economic factors
and nutrition outcomes are well known (Hoddinott
and Yohannes, 2002;: Ruel, 2003; Arimond and
Ruel, 2004; World Bank, 2006; World Bank, 2007;
Thorne-Lyman et al., 2010).

Agrobiodiversity as an important aspect in
accomplishing MDG1

The role and value of biodiversity and ecosystem
services has been recognized at the centre of inter-
national efforts to reduce poverty and promote
sustainable development, through the framework of
the Millennium Development Goals (Ash and
Jenkins, 2007). There is also a growing realization
worldwide that biodiversity is fundamental to agri-
cultural production and food security, as well as a
valuable ingredient of environmental conservation,
all of which are critically important to achieving the
MDG1 hunger target.

Yet predominant patterns of agricultural growth have
eroded biodiversity in, for example, plant genetic
resources, livestock, insects and soil organism
(Thrupp, 2000). Agrobiodiversity management for
food security includes crop introduction, genetic ma-
nipulation, crop breeding, genetic resources conser-
vation, agronomy, soil management and crop
protection as well as delivering appropriate tech-
nologies and knowledge to farmers. Sound agro-
biodiversity management therefore provides the
main building blocks for appropriate and practical
sustainable intensification of agricultural produc-
tion for food security.

Traditional farming methods often maximize diversity
in species and can provide sustainability where
economic and demographic pressures for growth
are low including polycultural systems that include
home gardens and agroforestry systems. Agricultural
biodiversity also provides ecosystem services on
farms, such as pollination, fertility and nutrient
enhancement, insect and disease management, and
water retention (Thrupp, 2000). The practices used
for enhancing biodiversity are tied to food sovereignty
and cultural diversity and local knowledge that
support the livelihood of agricultural communities.
In many societies, women are often knowledgeable
about plant and tree species and about their uses for



nutrition, healthcare, fuel and fodder (see Box Two).

BOX TWO:
Biodiverse-Sourced Local and Traditional Foods

There is no universally accepted definition of local foods
or traditional foods coming from biodiverse sources.
Traditional foods are defined as food from a particular
culture available from local resources and culturally
accepted. It includes socio-cultural meanings, acquisition
and processing techniques, use, composition, and nutritional
consequences for people using the food (CINE 2006).

Local and traditional foods generally refers to plants
and crops, fruits, non-timber forest products,
livestock, fish, hunted game, wetland species,

wild or gathered foods and insects.

These components of agrobiodiversity have benefits.
They contribute to productivity, resilience in farming
systems, income generation, and food and livelihood
security for numerous societies, and potentially,
achieving the MDGs. Agricultural biodiversity is
essential in augmenting the productivity and re-
silience of agricultural systems allowing a more sta-
ble food security for smallholder farmers (Thrupp,
2000; Jackson et al., 2007; Borron, 2006). For example,
agricultural biodiversity is an important factor in
raising incomes, allowing farmers to sell diverse
products at market, often characterized by positive
value chain elements (Thrupp, 2000; Baumgartner,
2010). Although rising incomes do not correlate
directly with better nutrition, if they are coupled with
the correct information dissemination and educations
efforts, they may lead to extra money being spent on
better, more nutritious foods (Blaylock et al.,1999).
The role of agricultural biodiversity is also important
in mitigating the need of pesticides as these have
been shown to have multiple adverse effects on
human health and nutrition (EPA, 2011).

For many populations, biodiversity overall, particularly
plant species such as lesser-known grains and
legumes, leafy green vegetables, tubers, crop wild
relatives and forest fruits, play an important role in
traditional diets and in some cases, income generation.
As shown in Box Three, more research and under-

standing of the value of traditional foods is being
developed. Nutritionists now increasingly insist on the
need for more diverse agroecosystems, in order to
ensure a more diversified nutrient output of the
farming systems. However, little is known about most
traditional plants’ nutritional value, usage and
consumption patterns and their subsequent impact
on human health, chronic undernutrition and over-
nutrition and non-communicable disease risk.

Thoughts on sustainability beyond the MDGs

It is important that countries and the international
community start thinking in a different way about
agriculture, nutrition and health. It is no longer
possible to see agriculture and nutrition as a simple
matter of inputs and outputs which work in a semi-
mechanical and extremely simplified way. It is essential
that we take into consideration complex food system-
based approaches in order to understand processes
which are intrinsically affected by the complexity of
life and living beings (Burchi and Fanzo, 2010). In
order to produce healthy, nutritious foods we must
encourage a healthy, sustainable model of agriculture
based on healthy dynamic soils, the variety and
rotation of different crops, on fair and inclusive market
outcomes. In the same way, if we hope to combat
malnutrition we must concentrate on more than just
providing enough “fuel” to the body but rather
understand that nutrition is closely interlinked with
a myriad of factors such as agriculture but also
customs, culture, preferences, tastes, health,
sanitation, livelihood models, economics, history
and anthropology.

In order to achieve MDG1, we must promote efforts
aimed at improving the whole food system, starting
from agriculture, passing through nutrition and
health and terminating with what Amartya Sen
defined as human “capabilities” (Sen, 1985]. It is
only inside a system which demonstrates biodiverse
and biodynamic agriculture not only as a source of
food but also as an economic livelihood, a source of
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BOX THREE: Traditional African green leafy vegetables find their way to formal markets

African Leafy Vegetables (ALVs) are important sources of
essential macro and micro-nutrients. In addition they offer a
source of livelihood when marketed as well as contribute to
crop biodiversity. Sub-Saharan Africa contains a large variety
of nutritious, leafy vegetables—an estimated 800-1 000 species.
In Kenya, where approximately 210 species are available,
only about 10 find their way to markets (mainly African
nightshade, leafy amaranth, cowpeas and spider-plant).
Bioversity works with resource-poor vegetable farmers on
the outskirts of Nairobi, in peri-urban areas. Together they
have inventoried leafy vegetable species and identified the
key issues hindering their cultivation, conservation, and
marketing. Other activities include nutritional and agronomic
studies, distribution of seeds to farmers, and dissemination
of local recipes featuring leafy vegetables to stimulate demand.
With support and training from the project, farmers on the
outskirts of Nairobi began growing leafy vegetables.

Results from a study commissioned by the Global Facilitation
Unit for Underutilized Species (GFU) in 2006 show that over

a societal framework, and a source of customs and
traditions, that we can attempt to ensure that nutrition
is an outcome and benefits child and maternal health.
In the same way, we must understand how water
sanitation, health services, and economic pressures
affect child nutrition and how these can be linked back
to agriculture, rural society and markets.

It will be critically important to generate a better
understanding of the links among agricultural bio-
diversity, diet quality, and nutrition and health, and
the overall role of nutrition within agricultural food
systems. Large-scale evidence is needed of the
impact of agricultural biodiversity on health in
diverse developing world settings. The feasibility of
a long-term approach towards diversification of
nutrient-dense crops and their impact on address-
ing the significant deficits in micronutrients and
other important health factors amongst global com-
munities is also under-researched. Biodiversity has
been shown to be critically important in food secu-
rity, sustainable agriculture approaches - both of
which are essential in translated accomplishment
towards reaching MDG1 beyond its life of 2015.

the last one decade, the growth of the ALV market within
Nairobi has been tremendous. In Nairobi the market gross
value has increased by about 213% between the period 2001
and 2006. The campaign for traditional vegetables between
1997 and 2007 brought notable positive changes in growing,
consuming, marketing and nutritional awareness of ALVs.
The growth of this market has been greatly influenced by an
increased consumer demand that has been caused by a
number of factors. These include promotional strategies of
local NGOs and international organizations, increased health
awareness and consciousness of Nairobi dwellers,

effects of HIV/AIDs, and improved ALV presentation in super-
markets and upmarket groceries. On the other hand supply
has been enhanced by promotion of production in peri-urban
and upcountry key production areas by international
organizations and local NGOs, provision of external market-
ing support by NGOs, farmers’ capacity for self-organization,
and improvement of telecommunication technology (Gotor
and Irungu, 2010).

Accelerating progress towards the MDG1 hunger
targets is less about the development of novel inno-
vations and new technologies and more about putting
what is already known into practice, with some
efforts towards sustainable agriculture approaches
that include the conservation and usage of agri-
cultural biodiversity. Success will hinge on linking
clear policies with effective delivery systems for an
evidence-based and contextually relevant package
of interventions that can rapidly be taken to scale.
Persistent hunger and undernutrition remain an in-
excusable unfinished agenda and successfully closing
the few remaining gaps is a pre-condition for wider
global progress towards achieving the MDGs.
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Abstract

The story of world agriculture is closely interwoven
with that of the evolution of human civilization and
of its diverse cultures and communities across the
globe. In many developing countries, agricultural
and rural life to this day is considerably influenced by
the society’s ancient cultural traditions and local
community institutions and values, which are mostly
conditioned by natural endowments, wealth and
breadth of accumulated knowledge and experience
in the management and use of natural resources.
The Globally Important Agricultural Heritage
Systems are dispersed over many countries and
regions, and represent a microcosm of the larger
rural world of land-use systems, livestock, pastures,
grasslands, forestry and fisheries. They reflect the
value of the diversity of agricultural systems adapted
to different environments and tell a fascinating story
of man’s ability and cultural ingenuity to adjust and
adapt to the vagaries of a changing physical and
material environment, from generation to generation
and leave indelible imprints of an abiding commitment
to nature conservation and respect for their agri-
cultural patrimony. These agricultural heritage
systems have a contemporary relevance, among
others, for providing sustainable diets for the rural
poor, food sovereignty, livelihood security and
sustainable development.

1. Introduction

Throughout centuries, human communities, gener-
ations of farmers, herders and forest people have
developed complex, diverse and locally adapted
agricultural and forestry systems. These systems
have been managed with time-tested ingenious
combinations of techniques and practices that have
usually led to community food security and the
conservation of natural resources and biodiversity.
These microcosms of agricultural heritage can still
be found throughout the world covering about 5
million ha which provide a series of cultural and
ecological services to humankind such as the
preservation of traditional forms of knowledge

systems, traditional crops and animal varieties and
autochthonous forms of sociocultural organizations.
These agricultural heritage systems have resulted
not only in outstanding landscapes of aesthetic
beauty, maintenance of globally significant agricultural
biodiversity, resilient ecosystems and valuable
cultural inheritance, but above all, in the sustained
provision of multiple goods and services, food and
livelihood security for millions of poor and small
farmers. Their agricultural biodiversity is maintained
and dynamically conserved by rural farming
communities through localized, traditional ecological
agricultural practices/knowledge systems. However,
many of these globally important biological diversity
and ecological friendly agricultural systems and
their goods and services are threatened by several
factors such as lack of or low priorities for family
farming systems, lack of access to market, dis-
placement of local agricultural practices, lack of social
organization and financial-institutional support that
underpin management of these systems. Thus, the
desired progress towards a sustained economic
development process is compromised and thereby
resulting in disparities between and among com-
munities.

2. What are GIAHS?

The Food and Agriculture Organization (FAO) of the
United Nations defines Globally Important Agri-
cultural Heritage Systems (GIAHS) as "remarkable
land use systems and landscapes which are rich in
globally significant biological diversity evolving from
the co-adaptation of a community with its environment
and its needs and aspirations for sustainable devel-
opment” (FAO, 2002]). GIAHS are classified and
typified based on its ingenuity of management
systems, high levels of agricultural biodiversity and
associated biodiversity, local food security, biophysical,
economic and sociocultural resources that have
evolved under specific ecological and sociocultural
constraints and opportunities. The examples of such
agricultural heritage systems are in the hundreds
and are home to thousands of ethnic groups, indige-
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nous communities and local populations with a

myriad of cultures, languages and social organizations

(Koohafkan and Altieri, 2010). Examples of GIAHS

could fall into:

I. Mountain rice terrace agro-ecosystems. These
are outstanding mountain rice terrace systems
with integrated forest use and/or combined
agroforestry systems

Il. Multiple cropping/polyculture farming systems.
These are remarkable combinations and/or
plantings of numerous crop varieties with or
without integration of agroforestry. They are
characterized by ingenious microclimate regulation,
soil and water management schemes, and adaptive
use of crops to deal with climate variability.

. Understory farming systems. These are agricultural
systems using combined or integrated forestry,
orchard or other crop systems with both overstory
canopy and understory environments. Farmers
use understory crops to provide earlier returns,
diversify crops/products and/or make efficient
use of land and labour.

IV. Nomadic and semi-nomadic pastoral systems.
These are the rangeland/pastoral systems based
on adaptive use of pasture, rangeland, water, salt
and forest resources, through mobility and variations
in herd composition in harsh non-equilibrium
environments with high animal genetic diversity
and outstanding cultural landscapes.

V. Ancient irrigation, soil and water management
systems. These are the ingenious and finely
tuned irrigation, soil and water management
systems most common in drylands, with a high
diversity of crops and animals best adapted to
such environments.

VI. Complex multilayered home gardens. These
agricultural systems feature complex multilayered
home gardens with wild and domesticated trees,
shrubs and plants for multiple foods, medicines,
ornamentals and other materials, possibly with
integrated agroforestry, swidden fields, hunting-
gathering or livestock, and home garden systems.

VIl.Below sea level systems. These agricultural

systems feature soil and water management
techniques for creating arable land through draining
delta swamps. The systems function in a context
of rising sea and river levels while continuously
raising land levels, thereby providing a multi-
functional use of land (for agriculture, recreation
and tourism, nature conservation, culture
conservation and urbanization).

VIIl. Tribal agricultural heritage systems. These
systems feature various tribal agricultural
practices and techniques of managing soil,
water and crop cultivars in sloping lands from
upper to lower valleys using mixed and/or a
combination of cropping systems and
integrating indigenous knowledge systems.

IX. High-value crop and spice systems. These
systems feature management practices of
ancient fields and high-value crops and spices,
devoted uniquely to specific crops or with crop
rotation techniques and harvesting techniques
that require acquired handling skills and
extraordinary finesse.

X. Hunting-gathering systems. These systems
feature unique agricultural practices such as
harvesting of wild rice, honey gathering in the
forest, and other similar unique practices.

3. Dynamic conservation of agricultural heritage
systems

In the past decades, conventional agricultural policies
have assimilated the food security and agricultural
development largely through increased food pro-
duction by energy-intensive modern agriculture,
which is a fossil fuel based industry and its devel-
opment is tightly linked to energy factors, trade and
globalization. While the successes in agriculture
production over the last decades are viewed as a
major landmark, the inequitable benefits and negative
impacts of such policies on natural resources are
becoming more evident. Undoubtedly, the acceleration
of environmental degradation and climate change
also has had adverse impacts on agricultural
productivity and food security. Such an adverse



impact on agricultural productivity is more and
more becoming obvious in the more fragile tropical
environmental situations of the developing world.
The environmental degradation and linked declin-
ing crop productivity that the two large Asian coun-
tries, namely, India and China are facing today and
the emerging concerns for sustainable agriculture
(Ramakrishnan, 2008 unpublished) are indicative of
the emerging global food security concerns, and eq-
uitable distribution of what is available so that all
sections of the society are able to benefit. This is the
context in which the still existing traditional agricul-
tural systems conserved by many traditional farming
societies (those living close to nature and natural
resources) largely confined to the developing trop-
ics have an important role to play. Rather than being
seen as an industrial activity as modern agriculture
tends to be, traditional agricultural systems are
organized and managed through highly adapted
social and cultural practices and institutions wherein
the concerns are for food security linked with eq-
uitable sharing of what is available. Equity is en-
sured through locally relevant technologies that are
cheap since they are based on effective utilization of
the continually evolving traditional wisdom linked
with locally available natural resources and their
effective management that is community participatory.
Indeed, traditional agricultural and ecological
knowledge and the derived traditional technologies
that societies have developed through an experien-
tial process form the basis for addressing productiv-
ity consideration with equitability concerns in mind.
In this process they manipulate natural and human-
managed biodiversity in a variety of different ways
towards sustainable production with concerns also
for coping with the environmental uncertainties that
they have to face from time to time. FAQ's GIAHS ini-
tiative is seeking to identify outstanding traditional
agricultural systems and support their dynamic con-
servation as well as sustainable evolution. GIAHS can
be viewed as benchmark systems for international
and national strategies for sustainable agricultural
development and addressing the rising demand to

meet food and livelihood needs of poor and remote
populations. Dynamic conservation implies what
the traditional farmers have always practised,
namely, adaptive management of their systems
under changing environmental considerations, both in
time and space. GIAHS have always faced many
challenges in adapting to rapid environmental and
socio-economic changes in the context of weak
agricultural and environmental policies, climate
variability and fluctuating economic and cultural
pressures (Altieri and Koohafkan, 2008). There is no
doubt, these threats vary from one country to another,
but there are common denominators that are rap-
idly emerging in the global scene: (a) “global
change” in an ecological sense, involving land use
land cover changes, biodiversity depletion, biologi-
cal invasion and of course the emerging climate
change and linked global warming; and (b) economic
“globalization” that would accentuate the problem
of landscape homogenization arising from the im-
plication that globalization implies, namely, intensive
management of vast areas of the land through
monocropping practices. These global threats em-
phasize the need to ensure dynamic conservation of
selected systems which could then form the basis
for conserving both agricultural and linked natural
biodiversity, at the same time using such systems
as learning grounds towards addressing the di-
verse viewpoints of “sustainable agriculture”.
Once lost, the unique agricultural legacy and the
associated eco-agricultural heritage will also be
lost forever. Hence, there is a need to carefully
identify agricultural heritage systems wherever
they exist, with a view to dynamically conserve them
and thereby promote the basic goods and services
humanity needs today and for the future genera-
tions. The GIAHS initiative is conceived as being in-
clusive and forward looking with agricultural
patrimony serving as models for agricultural devel-
opment in similar environments, i.e. uplands, dry-
lands, wetlands management etc. based on the
experience and learning from the pilot projects. The
GIAHS initiative is not just a collection of local proj-
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ects; it has a global focus within the framework of
policies promoting local food security through sus-
tainable systems. Thus, GIAHS, while starting ini-
tially on some pilot countries in the developing
and developing world, is looking forward to expand
with a more inclusive international coverage and
recognition of such evolving, living agricultural sys-
tems as an important global initiative to promote
sustainable development, enhance food security
and promote conservation of biodiversity of nutritional

importance for the local communities. Figure 1
shows the unique features and principles of GIAHS
derived from such sites that may be replicated in
other farming systems to achieve sustainability and
resiliency.

4. GIAHS pilot systems around the world

The GIAHS initiative has selected pilot systems
located in several countries of the developing world.
The values of such systems not only reside in the
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Figure 1. The unique features and principles of GIAHS sites that may be replicated in other farming systems to achieve

sustainability and resiliency.



fact that they offer outstanding aesthetic beauty, are
key in the maintenance of globally significant agri-
cultural biodiversity, and include resilient ecosystems
that harbour valuable cultural inheritance, but also
have sustainably provisioned multiple goods and
services, food and livelihood security for millions of
poor and small farmers, local community members
and indigenous peoples, well beyond their borders.
Despite the fact that in most parts of the world,
modernity has been characterized by a process of
cultural and economic homogenization, in many
rural areas specific cultural groups remain linked

Rice Fish culture in China

to a given geographical and social context in which
particular forms of traditional agriculture and
gastronomic traditions thrive. It is precisely this
persistence that makes for the selection of these
areas and their rural communities a GIAHS site. The
dynamic conservation of such sites and their cultural
identity is the basis of a strategy for territorial
development and sociocultural revival. Overcoming
poverty, food insecurity is not equivalent to resignation
to loss of the cultural richness of rural communities.
On the contrary, the foundation of regional development
should be the existing natural and agricultural bio-
diversity and the sociocultural context that nurtures
it. Brief descriptions of some of the pilot Agricultural
Heritage Systems and their features are presented
in Table 1.
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Table 1. List of pilot systems for dynamic conservation of Globally Important Agricultural Heritage Systems.

Country/Systems

Main characteristics and important source of food security and nutrition diets

Chile/Chiloé Agriculture
System

The Archipelago of Chiloé, a group of islands in southern Chile, is a land rich in
mythology with native forms of agriculture practised for hundreds of years based on the
cultivation of numerous local varieties of potatoes. Traditionally the indigenous
communities and farmers of Chiloé cultivated about 800-1 000 native varieties of
potatoes. The varieties that still exist at present are the result of a long domestication
through selection and conservation processes of ancient Chilotes.

Peru/Andean Agriculture
System (The Cuzco-Puno
Corridor)

Andean people have domesticated a suite of crops and animals. Of particular importance
are the numerous tubers, of which the potato is the most prominent. Generations of
Aymara and Quechua have domesticated several hundred varieties in the valleys of
Cusco and Puno, of which more than 400 varieties are still grown today. The maintenance
of this wide genetic base is adaptive since it reduces the threat of crop loss due to pests
and pathogens specific to particular strains of the crop. Other tubers grown include
oca, mashua, ullucu, arracacha, maca, achira and yacon.

Philippines/Ifugao Rice
Terraces

The ancient Ifugao Rice Terraces (IRT) are the country’s only highland mountain rice
ecosystem (about 68 000 ha) featuring the Ifugao ingenuities, which has created a
remarkable agricultural organic paddy farming system that has retained its viability
over 2 000 years. IRT paddy farming favours planting traditional rice varieties of high
quality for food and rice wine production.

China/Rice-Fish Culture
(Qingtian County)

In Asia fish farming in wet rice fields has a long history. Over time an ecological
symbiosis has emerged in these traditional rice-fish agricultural systems. Fish provide
fertilizer to rice, regulate microclimatic conditions, soften the soil, displace water and
eat larvae and weeds in the flooded fields; rice provides shade and food for fish.
Furthermore, multiple products and ecological services from the rice ecosystems
benefit local farmers and the environment. Fish and rice provide high quality nutrients
and an enhanced living standard for farmers.

China/Hani Rice Terraces

Hani Rice Terraces are located in the southeast part of the Yunnan Province. Hani Rice
Terraces are rich in agricultural biodiversity and associated biodiversity. Of the original
195 local rice varieties, today there are still about 48 varieties. To conserve rice diversity,
Hani people are exchanging seed varieties with surrounding villages

China/Wannian
Traditional Rice Culture

Wannian traditional rice was formerly called “Wuyuanzao” and is now commonly known
as “Manggu”, cultivated in Hegiao Village since the North and South Dynasty. Wannian
varieties are unique traditional rice varieties as they only thrive in Hegiao Village. This
traditional rice is of high nutritional value as it contains more protein than ordinary
hybrid rice and is rich in micronutrients and vitamins. Rice culture is intimately related
to local people’s daily life, expressed in the cultural diversity of their customs, food and
language.

Tunisia/Gafsa Oases

The Gafsa Oases in Tunisia covers an area approximately 36 000 ha. It has numerous
production systems, which are very diverse, unique, intensively cultivated but very
productive. These agro-ecological production systems allow conservation and
maintenance of biological diversity of local and global significance. Over a thousand
years, the hundreds of palm and fruit tree varieties, vegetables and forage crops have
provided the food systems and food requirements of the communities living in and
around the Tunisian oases and of the populations of the Maghreb Region.

Morocco/Oases in the
High Atlas Mountains

In this mountain oasis, they developed their own ingenious and practical solutions for
managing natural resources which are still in place today. Their reliance on local
biodiversity for subsistence and health (aromatic and medicinal plant species) has
promoted the conservation and maintenance of diverse plant genetic resources, in a
complex and stratified landscape in the green pockets of the oases and through
associated knowledge and practices.

Tanzania/Shimbwe Juu
Kihamba Agroforestry

The Chagga tribe on Mt. Kilimanjaro had created a multitier agroforestry system some
800 years ago. It is locally known as Kihamba and covers some 120 000 ha. This
agroforestry system had provided food security and livelihoods for the highest population
densities known in Africa without compromising sustainability. During colonial times




coffee was adopted by farmers which allowed its adaptation to a more cash crop oriented
society. The Kihamba cultivate combined perennial (indigenous trees with vines,
banana, coffee, shrubs) and annual crops.

Kenya/Maasai Pastoral
System

For more than a thousand years, the Maasai in southern Kenya and northern Tanzania
have developed and maintained a highly flexible and sustainable mobile livestock-keeping
system, moving herds and people in harmony with nature’s patterns. Their customary
institutions for collectively managing livestock, pastures, water, forest and other
natural resources, combined with vast traditional knowledge and strong cultural
traditions, treating nature with respect.

Algeria/El Oued, Souf
Ghout System

In an arid region such as El Oued, where rainfall is almost absent, the groundwater
reserves provide essential support to all human life, animal and plant. To overcome
the lack of surface water, the farmers irrigate their palms plantation by groundwater.
The method of irrigating groves of El Oued is quite original: it is to get the roots of the
palm into the groundwater and will be continuously in contact with water. The population
cultivates their palms in the crater called Ghout, to reduce the depth between the
ground and the roots of the palm.

Japan/Sado Island

Sado is characterized by a variety of landforms and altitudes, which have been
ingeniously harnessed to create the satoyama landscape, a dynamic mosaic of various
socio-ecological systems comprising secondary woodlands, plantations, grasslands,
paddy fields, wetlands, irrigation ponds and canals. Within their complex ecosystem,
the satoyama and the satoumi landscapes in Sado Island harbour a variety of
agricultural biodiversity, such as rice, beans, vegetables, potatoes, soba, fruit, grown
in paddy fields and other fields, livestock, wild plants and mushrooms in forests, and
seafood in the coastal areas. Rice, beef and persimmon from the Sado are among the
best in Japan.

Japan/Noto Peninsula

The peninsula is a microcosm of traditional rural Japan where agricultural systems
are integrally linked to mountains and forest activities upstream and coastal marine
activities downstream. Holistic approaches to integrated human activities of fishing,
farming and forestry have traditionally been practised and continue to co-exist. Hilly
terrain interspersed with wide valleys and fields forming a green corridor surrounded
by volcanic rock coastline typify the peninsular landscape. Noto Peninsula has been
gaining recognition both locally and regionally for its traditional vegetables and rice
varieties. Over 20 varieties of indigenous aburana (rape varieties of cruciferous
vegetables) families grow and are consumed by a majority of satoyama satoumi
households in the peninsula.

(For more details, please refer to www.fao.org/nr/giahs)

Ecological farming, Chiloe

Native potatoes, Peru
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5. Examples of dynamic conservation: The case of
the rice-fish culture in China

For more than 5 years of implementation, the GIAHS
site in China has started Longxian village, a rice-fish
culture system. Fish provide nutrition and fertilizer
to rice, regulate microclimatic conditions and eat
larvae and weeds in the flooded fields, reducing the
cost of labour needed for fertilizer and insect control.
The rice-fish culture self-sufficiency production
provides favourable eco-environmental conditions
that are also beneficial to conservation of other crop
species for home gardens of importance to local
food nutrition and diets, i.e. lotus roots, beans, taro,
eggplant, Chinese plums, mulberry and forest tree
species of ethnobotanical and medicinal uses.
However, population emigration and modern
technologies to intensify production are threaten-
ing the rice-fish culture system in the village.
Through the GIAHS initiative, rice-fish practices in
China have made a comeback and given hope to
small farmers. FAO assisted the national and local
institutions to develop and implement an action
plan and a supportive institutional framework.
The local government of Qingtian has internalized
the GIAHS concept and has taken steps forward to
promote the conservation of their agricultural her-
itage. They have issued a temporary legislation to pro-
mote rice-fish conservation and development in 2010.
The Qingtian Bureau of Agriculture, Environmental
Protection, Culture and Tourism has also made
great effort to support and encourage local farmers
to join the conservation programme. Since then,
Longxian village has become popular among
tourists (local and foreign) and the number of vis-
itors has increased more than threefold. GIAHS
have created awareness of conservation in Longx-
ian village in China, because it has helped stake-
holders become aware that multiple goods and
services exist in traditional agricultural sys-
tems. The system provides economic and nutritional
values (healthy food, nutritious rice and fish prod-
ucts), social values (labour occupation), ecological
(rich agricultural biodiversity, clean and healthy

farms and environment), and cultural and ecotourism
values for humanity. Dynamic conservation of GIAHS
has offered many opportunities for socio-economic
and research development, such as: rice-fish sys-
tem for research and education, fish and rice deli-
cacies, aesthetic landscape, old mountain village,
and folk-custom culture.

6. Summary and way forward for sustainable
agriculture and rural development

Globally Important Agricultural Heritage Systems
are living, evolving systems of human communities
in an intricate relationship with their territory,
cultural or agricultural landscapes or biophysical
and wider social environment. The humans and
their way of life have continually adapted to the
potentials and constraints of the social-ecological
environments, and shaped the landscapes into
remarkable and aesthetic beauty, accumulated
wealth of knowledge systems and culture, local food
systems and diets, and in the perpetuation of the bi-
ological diversity of global significance. Many GIAHS
and their unique elements are under threats and
facing disappearance due to the penetration of
global commodity driven markets that often create
situations in which local producers or communities
in GIAHS have to compete with agricultural produce
from intensive and often subsidized agriculture in
other areas of the world. All of these threats and
issues pose the risk of loss of unique and globally
significant agricultural biodiversity and associated
knowledge, aesthetic beauty, human culture, and
thereby threatening the livelihood security and food
sovereignty of many rural, traditional and family
farming communities. Moreover, what is not being
realized is that, once these GIAHS unique key ele-
ments are lost, the agricultural legacy and associ-
ated social-ecological and cultural, local and global
benefits will also be lost forever. Therefore, policies
are needed to support dynamic conservation of
agricultural heritage and safeguard it from the neg-
ative external drivers of change. It is likewise impor-
tant to protect the natural and cultural assets of



GIAHS sites from industrial development, which often
extract labour and cause market distortion as well.
Special attention should be given when introducing
modern agricultural varieties and inputs to avoid up-
setting the balance of traditional agro-ecosystems.
Success in sustainable agriculture development will
depend on the use of a variety of agro-ecological
improvements in addition to farm diversification,
favouring better use of local resources; emphasiz-
ing human capital enhancement; empowerment of
rural communities and family farmers through train-
ing and participatory methods; as well as higher ac-
cess to equitable markets, credit and
income-generating activities, and all should be sup-
ported by conducive policies.

Native dates, Oases, Tunisia
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Abstract



The green revolution led to enormous gains in food
production and improved world food security. In
many countries, however, intensive crop production
has had negative impacts on production, ecosystems
and the larger environment putting future productivity
at risk. In order to meet the projected demands of a
growing population expected to exceed 9 billion by
2050, farmers in the developing world must double
food production, a challenge complicated by the
effects of climate change and growing competition
for land, water and energy. The paper outlines a new
paradigm, Sustainable Crop Production Intensification
(SCPI), which aims to produce more from the same
area of land, through increasing efficiency and
reducing waste, while conserving resources, reducing
negative impacts on the environment and enhancing
the provision of ecosystem services. The paper
highlights the underlying principles and outlines
some of the key management practices and tech-
nologies required to implement SCPI, recognizing
that the appropriate combination will depend on
local needs and conditions, and on the development
of supportive policies and institutions.

1. The challenge

The world’s population is expected to grow to over
9 billion people by 2050; there will be a need to raise
food production by some 70 percent globally and by
almost 100 percent in developing countries. In many
developing countries there is little or no room for
expansion of arable land. Virtually no spare land is
available in South Asia and the Near East/North
Africa. Where land is available, in sub-Saharan
Africa and Latin America, more than 70 percent
suffers from soil and terrain constraints. An estimated
80 percent of the required food production increases
will thus need to come from land that is already
under cultivation at a time when annual growth in
crop productivity is decreasing from a rate of around
3 to 5 percent a year in the 1960s to a projected 1
percent in 2050. Increases in agricultural production
will therefore have to come in the form of yield in-

creases and higher cropping intensities.

This increase must be achieved against a challenging
backdrop including the decreasing availability of and
competition for water, resource degradation (e.g.
poor soil fertility), energy scarcity (resulting in
higher costs for input production and transport] as
well as climate change where alterations in tem-
perature, precipitation and pest incidence will affect
farmers’ choice of crops to grow and when, as well as
their potential yields. Changing dietary and nutritional
needs and requirements as a result of urbanization
also present a challenge. By 2050, some 70 percent
of the world population will be urban dwellers as
compared to 50 percent today. If such trends continue,
urbanization and income growth in developing
countries will lead to higher consumption of animal
products which will further drive increased demand
for cereals to feed livestock (FAQ, 2011).

2. The green revolution

The green revolution of the 1960s and 1970s was a
qualified success. The production model, which
initially focused on the introduction of higher yield-
ing varieties of rice, wheat and maize relied upon
and promoted homogeneity: genetically uniform
varieties grown with high levels of complementary
inputs such as irrigation, fertilizers and pesticides.
Fertilizer use tended to replace soil quality man-
agement while herbicides provided an alternative
to crop rotation as a means of controlling weeds
(FAO, 2011).

The green revolution is credited, especially in Asia,
as having jump-started economies, alleviated rural
poverty and saved large areas of fragile land from
possible conversion to extensive farming. Between
1975 and 2000 cereal yields in south Asia increased
by more than 50 percent while poverty declined
30 percent. Over the last 50 years world annual
production of cereals, coarse grains, roots tubers
and pulses and oil crops has grown from 1.8 to 4.6
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billion tonnes (FAQ, 2011). Growth in cereal yield and
lower cereal prices significantly reduced food inse-
curity in the 1970-1980s when the number of under-
nourished actually fell despite rapid population
growth. Overall the proportion of undernourished
in the world population declined from 26 percent to
14 percent between 1969-1971 and 2000-2002 (FAO,
2009a; FAO, 2011).

It is now recognized that these gains in agricultural
production and productivity were often made at the
expense of the environment. Impacts included land
degradation, salinization of irrigated areas, overex-
traction of groundwater, the buildup of pest resist-
ance and loss of biodiversity, such that the
production gains were unsustainable. In addition, in
many instances, smaller-scale farmers were unable
to participate or reap the rewards of scale.

3. Increasing crop production sustainably

Given the significant challenges to our food supply
and the environment, sustainable intensification of
agricultural production is emerging as a major pri-
ority for policy-makers and their international de-
velopment partners. Sustainable intensification
means producing more from the same area of land
while reducing negative environmental impacts,
increasing contributions to natural capital and the
flow of environmental services (Godfray et al., 2010).
An ecosystem approach uses inputs such as seed,
fertilizer, land, water, chemical or bio-pesticides,
power and labour to complement the natural
processes which support plant growth. Examples of
these natural processes include: the action of soil-
based organisms (that allow plants to access key
nutrients; maintain a healthy soil structure which
promotes water retention and the recharge of ground-
water resources; and sequester carbon); pollination;
natural predation for pest control. Farmers find that
harnessing these natural processes can help to boost
the efficiency of use of conventional inputs.

There is now widespread awareness of the importance

of taking an ecosystem approach to intensifying
crop production. A major study of the Future of
Food and Farming up to 2050 prepared by the
Government Office for Science in the United
Kingdom, has called for substantial changes
throughout the world’s food system including
sustainable intensification to simultaneously raise
yields, increase efficiency in the use of inputs and
reduce the negative impacts of food production
(Foresight, 2011). The International Assessment of
Agricultural Knowledge, Science and Technology
for Development (IAASTD) highlighted the need for
policies that value, restore and protect ecosystem
services, and address the needs of the world’s
small-scale and family farmers. It emphasized the
need for a change in paradigm to encourage
increased adoption of sustainable ecological agri-
culture and food systems and called for a shift
from current farming practices to sustainable agri-
cultural systems capable of providing significant
productivity increases and enhanced ecosystem
services (IAASTD, 2009).

Assessments in developing countries have shown
how farm practices that conserve resources improve
the supply of environmental services and increase
productivity. A review of agricultural development
projects in 57 low-income countries found that more
efficient use of water, reduced use of pesticides and
improvements in soil health had led to average crop
yield increases of 79 percent (Pretty et al., 2006).
Another study concluded that agricultural systems
that conserve ecosystem services by using practices
such as conservation tillage, crop diversification,
legume intensification and biological pest control,
perform as well as intensive, high-input systems
(Badgley et al., 2007; FAO, 2011).

Sustainable crop production intensification (SCPI),
when effectively implemented and supported, will
provide the “win-win” outcomes required to meet
the dual challenges of feeding the world’s population



and conserving the resources of the planet. SCPI
will allow countries to plan, develop and manage
agricultural production in a manner that addresses
society’s needs and aspirations, without jeopardizing
the rights of future generations to enjoy the full range
of environmental goods and services (FAQ, 2011).

4. The need for a systems or integrated approach
Production is not the only element to consider
when looking to meet increased demand for food.
Sustainable intensification of crop production is
pointless if optimizing one component (food crop
production] results in inefficiencies elsewhere in
a complex system also featuring livestock, fisheries,
forestry and industrial components (e.g. biofuels).
Similarly, throughout the food chain, post-harvest
processing, transportation and distribution which
do not support the supply of nutritious food to
consumers will limit the benefit of efficiency gains
in crop production.

While the challenge is clear at the global level, there
can be no single blueprint for an ecosystem approach
to crop production intensification on the ground, as
it is dependent on local ecology, farming practices,
markets etc. In implementing SCPI there are three
elements that need to be considered: farmers;
farming practices and technologies; and policies
and institutions.

4.1 Targeted to and accessible by smallholder
farmers

Although the principles and practices of sustainable
intensification apply to both large- and small-scale
farming, smallholder farmers are key to increasing
food production sustainably. Approximately 85 percent
of the farmers in developing countries are small-
holders and there are about 500 million of them.
They cultivate less than 2 ha of land each. Their
number is increasing and their farms are getting
smaller. They produce 80 percent of the food in devel-
oping countries and support some 2.5 billion people

directly. Together smallholders use and manage
more than 80 percent of farmland and similar
proportions of other natural resources in Asia and
Africa (IFAD, 2010]). They are often economically
efficient; they create employment, reduce poverty
and improve food security. Unfortunately, however,
50 percent of the world’s undernourished and 75
percent of the world’s poor also live on and around
such farms (FAO, 2009b).

Sustainable intensification has much to offer small
farmers and their families by enhancing their
productivity, reducing costs, building resilience to
stress and strengthening their capacity to manage
risk. Reduced spending on agricultural inputs
can free resources for investment in farms and
farm families’ food, health, nutrition and education.
Increases to farmers’ net incomes will be achieved
at lower environmental costs, thus delivering both
private and public benefits. Overall gross domestic
product growth generated in agriculture has large
benefits for the poor and is at least twice as effective
in reducing poverty as growth generated by other
sectors (World Bank, 2007).

Clearly, increasing smallholder productivity will
help to reduce hunger and poverty; it is inconceivable
that Millennium Development Goal 1 can be achieved
without addressing the needs of smallholder
farmers.

4.2 Management practices and technologies
Sustainable crop production intensification must
build on farming systems that offer a range of benefits
to producers and society at large including high and
stable production and profitability; adaptation and
reduced vulnerability to climate change; enhanced
ecosystem functioning and services and reductions
in agriculture’s greenhouse gas emissions and carbon
footprint. These farming systems will be based on
the following three technical principles:

[. simultaneous achievement of increased agricultural
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productivity and enhancement of natural capital
and ecosystem services;

II. higher rates of efficiency in the use of key inputs
including water, nutrients, pesticides, energy,
land and labour;

Ill.use of managed and natural biodiversity to build
system resilience to abiotic, biotic and economic
stresses (FAO, 2011).

Successful approaches to SCPI will be built on the

three principles listed above and implemented

using a range of management practices and tech-

nologies including:

I. conservation agriculture - minimum soil disturbance
and soil cover;

Il. species diversification - use of high-yielding
adapted varieties from good seed;

Ill.integrated plant nutrient management or IPNM
based on healthy soils;

IV. Integrated Pest Management or IPM; and

V. efficient water management.

The appropriate mix of these management practices
and technologies depends on local needs and
conditions; given system complexity one size does
not fit all. They will need to be applied in a comple-
mentary, timely and efficient manner in order to
offer farmers appropriate combinations of practices
to choose from and adapt.

4.2.1 Conservation Agriculture (CA)

CA can be described in terms of minimum mechan-
ical soil disturbance, permanent organic cover and
diversified crop rotations. Such practices can cre-
ate stable living conditions for micro- and macro-
organisms, providing a host of natural mechanisms
supporting the growth of crops, which result in
significant efficiency gains and decreasing needs for
farm inputs, in particular power, time, labour (at
least 25% less), fertilizer (30-50% less), agrochem-
icals (20% less pesticides] and water (28% less).
Furthermore, in many environments, soil erosion is

reduced to below the soil regeneration level or
avoided altogether and water resources are re-
stored in quality and quantity to levels that preceded
putting the land under intensive agriculture.

Sustainable rice-wheat production

Sustainable productivity in rice-wheat farming
systems was pioneered on the Indo-Gangetic Plain
of Bangladesh, India, Nepal and Pakistan by the
Rice-Wheat Consortium, an initiative of the CGIAR
and national agriculture research centres. It was
launched in the 1990s in response to evidence of a
plateau in crop productivity, loss of soil organic matter
and receding groundwater tables (Joshi et al., 2010).

The system involves the planting of wheat after rice
using a tractor-drawn seed drill, which seeds
directly into unploughed fields with a single pass.
Zero tillage wheat provides immediate, identifiable
and demonstrable economic benefits. It permits
earlier planting, helps control weeds and has signifi-
cant resource conservation benefits, including reduced
use of diesel fuel and irrigation water. Cost savings
are estimated at US$52 per hectare, primarily
owing to a drastic reduction in tractor time and fuel
for land preparation and wheat establishment.
Some 620 000 farmers on 1.8 million ha of the Indo-
Gangetic Plain have adopted the system, with
average income gains of US$180 to US$340 per
household. Replicating the approach elsewhere will
require on-farm adaptive and participatory research
and development, links between farmers and
technology suppliers and, above all, policy support
to encourage new practices (including temporary
financial incentives) (IFPRI, 2010; FAO, 2011).

4.2.2 Crops and varieties well adapted to local
conditions

Adopting high-yielding varieties that best fit the
cropping system and switching to crops more tolerant
to diseases, pests and environmental stresses
(including drought and increased temperatures)



can help farmers to cope with less rainfall, salinity,
or disease pressure and still produce a crop. The
key is to ensure that sufficient farmers have access
to improved adapted crop varieties through
strengthened seed systems. Conservation and sus-
tainable use of plant genetic resources for food and
agriculture is necessary to ensure crop production
and meet growing environmental challenges such
as climate change.

Developing improved and adapted varieties
Sustainable intensification requires crop varieties
that are resilient in the face of different agronomic
practices, respond to farmers’ needs in locally
diverse agro-ecosystems and tolerate the effects of
climate change. Important traits will include ability
to cope with heat, drought and frost, increased
input-use efficiency, and enhanced pest and disease
resistance. Generally, it will involve the development
of a larger number of varieties drawn from a greater
diversity of breeding material.

It is unlikely that traditional public or private breeding
programmes will be able to provide all the new plant
material needed or produce the most appropriate
varieties, especially of minor crops where research
is not easily justified. Participatory plant breeding
can help fill this gap, ensuring that more of the
varieties developed meet farmer needs. For example,
the International Center for Agricultural Research
in the Dry Areas (ICARDA], together with the Syrian
Arab Republic and other Near East and North African
countries, has undertaken a programme of partici-
patory plant breeding which maintains high levels
of diversity and produces improved material capable
of good yields in conditions of very limited rainfall
(less than 300 mm per year). Farmers participate in
the selection of parent materials and in on-farm
evaluations. In Syria, the procedure has produced
significant yield improvements and increased the
resistance of the varieties to drought stress (Ceccarelli
etal., 2001; FAO, 2011).

4.2.3 Integrated Plant Nutrient Management (IPNM)
IPNM and similar strategies promote the combined
use of mineral, organic and biological resources to
balance efficient use of limited/finite resources and
ensure ecosystem sustainability against nutrient
mining and degradation of soil and water resources.
For example, efficient fertilizer use requires that
correct quantities be applied (overuse of Nitrogen [N]
fertilizer can disrupt the natural N-cycle), and that
the application method minimizes losses to air
and/or water. Equally, plant nutrient status during
the growing season can be more precisely monitored
using leaf-colour charts, with fertilizer application
managed accordingly. Efficient plant nutrition also
contributes to pest management.

Urea deep placement for rice in Bangladesh
Throughout Asia, farmers apply nitrogen fertilizer
to rice before transplanting by broadcasting urea
onto wet soil, or into standing water, and then using
one or more top-dressings of urea in the weeks
after transplanting up to the flowering stage. Such
practices are agronomically and economically in-
efficient and environmentally harmful. The rice
plants use only about a third of the fertilizer applied
(Dobermann, 2000), while much of the remainder is
lost to the air through volatilization and to surface
water run-off (FAO, 2011).

Deep placement of urea (N] briquettes can increase
rice yields, while reducing the amount of urea used.
In Bangladesh the average paddy yields have
increased 20-25% and income from paddy sales in-
creased by 10% while urea expenditures decreased
32% from the late 1990s to 2006 (IFDC, 2007).

4.2.4 Integrated Pest Management (IPM)

IPM encourages natural predation as a means of
reducing the overuse of insecticides. In countries
like India, Indonesia and the Philippines that
followed green revolution strategies, subsequent
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adoption of IPM approaches coupled with the re-
moval of insecticide subsidies, reduced insecticide
use nationally by 50-75 percent, while rice produc-
tion continued to increase annually. The ecosystem
service delivered by natural predation replaced most
chemical control, allowing other inputs and adap-
tive ecosystem management by farmers to secure
and increase rice yields.

Reduced insecticide use in rice

Most tropical rice crops require no insecticide
use under intensification (May, 1994). Yields have
increased from 3 tonnes per ha to 6 tonnes through
the use of improved varieties, fertilizer and irrigation.
Indonesia drastically reduced spending on pesticides
in rice production between 1988 and 2005 [Gallagher
et al., 2005]. However, in the past five years, the
availability of low-cost pesticides, and shrinking
support for farmers’” education and field-based eco-
logical research, have led to renewed high levels of
use of pesticides with consequent large-scale pest
outbreaks, particularly in Southeast Asia (Catindig
et al., 2009; FAO, 2011).

4.2.5 Water management

There are efficiency and productivity gains in crop
water use that can be captured both “within” and
“outside” the crop water system. For example, agri-
cultural practice that reduces the soil evaporation
reduces non-productive water consumption. In
cropping systems adapted to seasonal or low
evaporative demand of the atmosphere, it may be
other types of agricultural practice (fertilizer,
improved varieties, weed and pest management)
that result in more productive consumption of water
available in the root zone.

Deficit irrigation for high yield and maximum net
profits

One way of improving water productivity is deficit
irrigation, whereby water supply is less than full
requirements and mild stress is allowed during

specific growth stages that are less sensitive to
moisture deficiency. The expectation is that any
yield reduction will be limited and additional benefits
are gained through diverting the saved water to
irrigate other crops.

A six-year study of winter wheat production on the
North China Plain showed water savings of 25 percent
or more through application of deficitirrigation at
various growth stages. In normal years, two irrigations
of 60 mm (instead of the usual four) were enough to
achieve acceptably high yields and maximize net
profits. In studies carried out in India on irrigated
groundnuts, production and water productivity were
increased by imposing transient soil moisture-deficit
stress during the vegetative phase, 20 to 45 days
after sowing. Water stress applied during the vege-
tative growth phase may have had a favourable effect
on root growth, contributing to more effective water
use from deeper soil horizons. However, use of
deficit irrigation requires a clear understanding of
the soil-water (and salt) budgeting and an intimate
knowledge of crop behaviour, as crop response to
water stress varies considerably (FAO, 2002; FAO,
2011).

5. Enabling environment and policy framework

In preparing programmes, policy-makers need
to consider issues that affect both SCPI and the
development of the agricultural sector as a whole.
National policies that seek to achieve economies of
scale through value chain development and consol-
idation of land holdings may inadvertently exclude
smallholders from the process, or reduce their
access to productive resources. Improving transport
infrastructure will facilitate farmers’ access to
supplies of fertilizer and seed, both critical for SCPI,
and to markets. Given the high rate of losses in the
food chain - in the order of 30 percent in both
developing and developed countries - investment in
processing, storage and cold chain facilities will en-
able farmers to capture more value from their pro-



duction. Policy-makers can also promote small
farmers’ participation in SCPI by improving their
access to production and market information
through modern information and communication
technology (FAO, 2011).

Farmers’ assumptions, attitudes or cultural beliefs
are often deeply ingrained. However, governments
can create an enabling environment for the wide-
spread uptake of productivity enhancing practices
by farmers with appropriate policy frameworks,
encouragement through participatory research and
extension, the broadcast media, and formal and
non-formal education, as well as through financial,
tax and other incentives.

To encourage smallholders to adopt sustainable
crop production intensification, it is not enough to
demonstrate improved sustainability. Farming
needs to be profitable, smallholders must be able
to afford inputs and be sure of earning a reasonable
price for their crops. Some countries protect income
by fixing minimum prices for commodities; others
are exploring smart subsidies on inputs, targeted to
low income producers. Policy-makers also need to
devise incentives for small farmers to use natural
resources wisely for example through payments for
environmental services and reduce the transaction
costs of access to credit. In many countries, regulations
are needed to protect farmers from unscrupulous
dealers selling bogus seeds and other inputs; while
inputs with negative environmental consequences
need to be priced to reflect these aspects (FAO,
2011).

Production systems for SCPI are knowledge inten-
sive and relatively complex to learn and implement.
For many farmers, extensionists, researchers and
policy-makers they represent new ways of doing
business. There is thus an urgent need to build
capacity and provide learning opportunities and
technical support in order to improve the skills all

stakeholders need. Major investment will be needed
to rebuild research and technology transfer capacity
in developing countries in order to provide farmers
with appropriate technologies and to enhance their
skills through approaches such as farmer field
schools.

The shift to SCPI systems can occur rapidly when
there is a suitable enabling environment or gradually
in areas where farmers face particular agro-eco-
logical socio-economic or policy constraints includ-
ing a lack of necessary equipment. While some
economic and environmental benefits will be
achieved in the short term, a longer term commit-
ment from all stakeholders is necessary in order to
achieve the full benefits of such systems (FAOQ,
2011).

6. Key messages
In conclusion there are three key messages regarding
the development and implementation of SCPI.

6.1 Sustainable crop production intensification
(SCPI) requires a systems approach

Production is not the only element to considerin
implementing SCPI; sustainable livelihoods and
value chain approaches need to underpin the increase
in productivity and diversification, so that one element
is not optimized at the expense of another. SCPI
harnesses ecosystem services such as nutrient
cycling, biological nitrogen fixation, predation and
parasitism, uses varieties with high productivity per
external input and minimizes the use of technologies
or practices that have adverse effects on human
health or the environment.

SCPI represents a shift from current farming practices
to sustainable agricultural systems capable of
providing significant productivity increases and
enhanced ecosystem services. Such systems are
based on: simultaneous achievement of increased
agricultural productivity and the enhancement of
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natural capital and ecosystem services; greater
efficiencies in the use of key inputs, including water,
nutrients, pesticides, energy, land and labour, using
them to complement natural processes/ecosystem
services and greater use of managed and natural
biodiversity to build system resilience in farming
systems to abiotic (drought and temperature
changes), biotic (pests and diseases) and economic
stresses (FAO, 2011).

6.2 Smallholder farmers in developing countries
require special attention

The underlying principles and approaches to achiev-
ing SCPI are scale-neutral - they apply equally to
large or small-scale farmers. However, sustainable
intensification needs to be especially promoted
among smallholder farmers in developing countries
as they currently produce 80 percent of the food
and use and manage more than 80 percent of the
farmland in these countries. Increasing the produc-
tivity of smallholder farmers will help to reduce
hunger and poverty among the 2.5 billion people
dependent on these farms.

Smallholder farmers can benefit from SCPI as
increased productivity enables them to gain from
increased market demand for agricultural products,
while making more efficient use of local resources
and external inputs. These greater efficiencies will
reduce costs leading to improved livelihoods, greater
resilience to stress and ability to manage risks.

The way in which SCPI is implemented will differ
markedly between smallholder farmers and the large
mechanized farms typical of developed countries.
SCPI provides a range of options that can be
adapted to local needs while building on local
knowledge and experience. SCPI promotes innova-
tion and provides incentives for farmers to improve
the local environment. A participatory approach to
decision-making empowers farmers and strength-
ens communities. Increases to farmers’ net incomes

will be achieved at lower environmental cost, thus
delivering both private and public benefits.

6.3 SCPI will not be achieved without significantly
greater investment in agriculture

There is a need for greater policy and political support
and for adequate incentives and risk mitigation
measures to be in place for a shift to SCPI to take
place. There is a need for large investments in infra-
structure and capacity-building for the entire food
chain including enhanced infrastructure, research,
development and extension. The implementation of
SCPI is knowledge intensive and will require new
approaches to farmer education and extension as
well as encouraging greater collaboration and
communication among smallholders, researchers,
government offices and the private sector to foster
innovation, systematic approaches to agriculture and
context focused knowledge production and sharing.

Policies and programmes for SCPI will cut across a
number of sectors and involve a variety of stake-
holders. Therefore a strategy for achieving sustain-
able intensification goals needs to be a cross-cutting
component of a national development strategy. An
important step for policy-makers is to initiate a process
for mainstreaming strategies for sustainable inten-
sification in national development objectives. SCPI
should be an integral part of country-owned devel-
opment programmes such as poverty reduction
processes and food security strategies and invest-
ments. The roll out of sustainable intensification
programmes and plans in developing countries
requires concerted action with the participation of
governments, the private sector and civil society
(FAO, 2011).
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Abstract

Food and drink products play a central and funda-
mental role in daily life. Every day, some 480 million
EU citizens rely on high quality food for their nutrition,
health and well-being. The food and drink industry
is the largest manufacturing sector in Europe with
an annual turnover of €954 billion' and a leading
manufacturing sector in Italy: with a turnover of
€124 billion it is, along with agriculture, induced
activity and distribution, the central element of the
first economic sector of the country.?

There is an increasing societal awareness of the
opportunities to improve the quality of life through
healthy eating and of the contribution that sustain-
able production can make to improvement of the
overall environment. The preferences of consumers
for quality, convenience, diversity and health, and
their justifiable expectations of safety, ethics and
sustainable food production serve to highlight the
opportunities for innovation.

As a response to these requirements Federali-
mentare, while already involved in the coordination
of the European Technological Platform “Food for
Life”, has started up, together with the University of
Bologna, ENEA, INRAN, the National Technology
Platform “Italian Food for Life".

1. The food and drink industry?

The food and drink industry is the largest manufac-
turing sector in Europe with an annual turnover of
€954 billion, half of which is generated by SMEs. The
sector employs some 4.2 million people and is highly
fragmented comprising some 310 000 companies,
99.1 percent of which are SMEs having less than 50
employees.

The ltalian food and drink industry is one of the
pillars of our national economy, representing the
second manufacturing industry of our country with
a turnover of 124 billion euros (of which 21 in export)
and 32 300 companies - of which 6 500 with more
than 9 employees and 2 600 with more than 19

" Source: CIAA data and Trends 2010
2Source: Data and estimates Federalimentare 2010

employees - with over 410 000 employees.

Along with agriculture, induced activity and distribution,
the food and drink industry is the central element of
the first economic sector of the country. Industry buys
and processes 70 percent of the national agricultural
raw materials and is generally recognized as the
ambassador of Made in Italy in the world considering
that almost 80 percent of the Italian agrofood export
is represented by high quality industry brands.

TURNOVER

EMPLOYMENT 410.000

NUMBER OF COMPANIES 32.3000 of which

6.500 companies > 9 employees

2.600 companies —> 19 employees

EXPORT 21bln C
IMPORT 17 bln C
TRADE BALANCE 4blnC

Table 1. The Italian food and drink industry.
(Data and estimates Federalimentare, 2010)

The sector can claim several important factors and
its image is a heritage extremely appreciated in
Europe and in the world, divided in an enviable range
of high-quality products and on a wide series of
products of protected or controlled designation of
origin which are leading in the international markets.
It is a success due to the strict bonds of the Italian
food and drink production with land and with the
cultural heritage of ltaly, and due to the safety
standards, along with the ability to mix tradition and
innovation of processes and of products. This is the
reason why the sector is the target of a wide range
of actions of imitation and forgery, especially on rich
and demanding markets, like the American and the
North European ones.

Nevertheless, in spite of these positive figures, the
food and drink industry is penalized by some
structural gaps that hold down its growth and its
capacity to compete. The main factor that penalizes
the growth of the food and drink industry is the

3Source: Data and estimates Federalimentare 2010.

77



78

extreme fragmentation of production that comes
even before the other bonds that restrain the whole
system of our companies (structural lacks and
logistics, exaggerated costs of production like
energy, low quality offer of services for the companies).
The sector is characterized by an extreme frag-
mentation, that sees only 20 percent of the companies
above the threshold of 9 units and the remaining 30 000
firms tied to such a small dimension (3-9 units) that
with the global trends adopted by our competitors
it would seem unthinkable to realize any kind of
competition. It is clear that the dimension of the
companies is one of the major obstacles to the
capacity to invest in research and innovation or to
have access to the processes of transfer of techno-
logical innovations.

Instead, a strong impulse to the transfer of process
and product innovation would certainly contribute to
improve the position of competition of our food indus-
try, especially of the small and medium enterprises.

2. Tradition and innovation*

About 25 percent of the turnover of the agrofood
industry comes out from products for which innovation
is an essential factor and which possess more added
value; we are speaking of the so-called traditionally
evolved, ready-to-eat sauces, spicy oils, fresh sea-
sonings, frozen foods etc., and of the real new
products, that are products with a high content of
wellness and of services. If we consider the trends
of the models of food consumption, this line of more
“evolved” products is likely to reach more space in
comparison with the so-called classic food (pasta,
preserved foods, cheese, wine, oil], that at the
moment reach about two-thirds of the entire turnover
(65%), while the remaining 9 percent is represented
by products of brand of origin and, by a smaller
percentage, by organic products. So, if the internal
market begins to show that research and innovation
are one of the incentives of progress, the interna-
tional one shows us that without capacity to inno-
vate the risk to stay out of the market is going to

“Source: Data and estimates Federalimentare 2010.

TRADITIONAL AND LOCAL FOOD 81,84 BNLEuro  66%
ADVANCED TRADITIONAL FOOD 19,84 BNLEuro  16%

TYPICAL QUALITY PRODUCTS (PDO, PGI, WINE... 11,53 BNL Euro  9,3% (of which 3 MLD
Euro of EXPORT)

NEW PRODUCTS 9,92 bnl Euro 8%

(novel, functional, healthy, ready to eat, etc...)
ORGANIC 0,87 BNL Euro  0,7%

TOTAL 124 BNL Euro 100% (of which 20 MLD
Euro of EXPORT)

New products 8%

Geographical
indications 9,3%

Organic 0,7%

Advanced

Traditional Food 16% Traditional and

local food 66%

Table 2. Italian food and drink industry: turnover by product.
(Data and estimates Federalimentare 2110)

become a reality, especially for our commodities.
There is no doubt, therefore, that the success of our
products rises from the capacity of our managers to
mix tradition and innovation, giving due emphasis to
applied research. During these last years our food
companies, as a matter of fact have employed the
most recent technologies, adapting them to the tra-
ditional gastronomical recipes, in order to create
products easy to prepare, with higher security stan-
dards and a high level of quality. These results are
possible only allocating resources every year to
research. This financial commitment would not only
mean an investment for the future but also an
immediate response to the consumers’ demands
within the Italian style.

The Italian and international market of food products
will be more and more affected by the changes in
society (especially by the ageing and individualiza-
tion), by the changes of the nutritional habits and
by the way of life. For this reason the Italian food
and drink industry is constantly involved in meeting
the consumers’ needs supplying products adapted
to the various nutritional needs, considering as
well the different ways of consumption that enable



the consumer to make responsible choices and to
follow a diet suitable to his lifestyle and the physi-
cal activity performed. The consumers themselves,
especially the ltalian and the European, are more
and more in a position to recognize the real value
of what they are buying, from the choice of the primary
products, the technological features, to the attention
given to the correct employ of natural resources,
to logistics and packaging, from the point of view of
the concept of global quality.

3. Food for Life®

As a response to these requirements Federali-
mentare, while already involved in Brussels coordi-
nating the European Technological Platform “Food
for Life”, has started up, together with the University
of Bologna, ENEA, INRAN, and with the most repre-
sentative experts of the agro-industry sector in ltaly,
the National Technology Platform “ltalian Food for
Life”. It is an instrument created with the aim to
stimulate research and technological innovation in
the agrofood sector at a national level in order to
strengthen the scientific and technological basis of
our food and drink industry, encouraging the devel-
opment and international competition, especially to
help the Small and Medium Enterprises. The Tech-
nology Platform “ltalian Food for Life” is a unique
opportunity not only to promote the coordination of
the research activity of primary products and nutrition,
assuring whether the direction, whether enough
critical mass, but also to guarantee transfer of
know-how to the companies.

4. Biodiversity and sustainability®

The food and drink industry is characterized by a very
high diversity of different products and production
processes. Europe’s and ltaly’s traditions related to
food are an expression of its cultural diversity and
represent a clear asset on which the sector can build.
Within the platform climate change, nature and bio-

% Sources: Data and estimates Federalimentare 2010, National Technology
Platform “Italian Food for Life” Vision Document 2007, Implementation
Action Plan 2008, Strategic Research and Innovation Agenda 2011.

¢ Sources: European Technology Platform “Food for Life” Vision Document

diversity, health and quality of life and management
of both natural resources and waste streams are all
identified as areas in which particular attention
needs to be focused in future years.

A sustainable food supply underpins the most basic
requirements for quality of life.

4.1 Research on scenarios of future Italian food
production and supply

Global climate change, the heavy dependency on
fossil fuels and the political boundary conditions,
are some aspects that will also influence the sus-
tainability of the European and Italian food supply
system, so they should be considered when studying
scenarios.

4.2 Developing sustainable processing, packaging
and distribution

Reduction in uses of energy, water and materials
will require close links between raw material produc-
tion, primary and secondary processing, packaging,
waste management and reprocessing. Identification
of improvement potentials from sustainability
analysis will be an important driver for innovations
that are directed towards new and novel technological
solutions for food processing, packaging and trans-
portation.

It is necessary an integrated approach towards the
identification of the critical points of the process and
the sustainability, so as to optimize methods and
techniques that lead to an increase of competitiveness
of the enterprises and to sustainable manufacturing
and processing, packaging, transportation and
distribution systems.

4.3 Developing and implementing sustainable
primary food production

The study and preservation of local plant and animal
biodiversity is a fundamental aspect for the devel-
opment of sustainable production systems. While

2005, Strategic Research Agenda 2007 and Implementation Action Plan
2008; National Technology Platform “Italian Food for Life” Vision
Document 2006, Implementation Action Plan 2008, Strategic Research
and Innovation Agenda 2011.
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additional research needs to expand further knowl-
edge on the interactions of biological cycles to
enhance traditional food production, radically
different primary food production systems may provide
additional sources of food to traditional food
production. Biotechnology may be used to produce
desired crop biomass in a targeted way, and to provide
plants with better sensory, nutritional and production
properties. Further fine-tuning of production sys-
tems through precision farming and other high-tech
solutions could increase the efficiency of primary
food production. Alternative systems for animal
husbandry should be evaluated, including the
dimension of animal welfare.

4.4 Recycling and valorization of food industry
surplus, by-products and wastes

Food industry raw materials, surplus, by-products
and wastes/wastewaters are mostly wasted, and
this reduces significantly the sustainability of the
food industry.

The same matrices and products might become,
after a proper pretreatment with biological or chem-
ical/physical agents, cheap sources of fine-chemi-
cals (antioxidants, vitamins etc.)] and natural
macromolecules [cellulose, starch, lignin, lipids,
plant enzymes, pigments etc.). Their constituents
might be also converted into more sophisticated
chemicals (flavours, amino acids, vitamins, microbial
enzymes etc.), biofuels [i.e. bioethanol, biodiesel, bio-
gas and biohydrogen) and biobased products, such
as biopolymers, fertilizers and lubricants, after tai-
lored biocatalytic conversions or fermentations in
suited biotech processes. The production of such a
large array of high-value biomolecules and products
from the currently wasted food industry surplus, co-
products, by-products and wastes will markedly con-
tribute to increase the overall sustainability and
economics of several food production chains.

Conclusions
Improvements in sustainability have long-range
benefits for the food industry in terms of reduced

use of resources, increased efficiency and better
governance.

The “ltalian Food for Life” Technology Platform
seeks to profitably provide citizens with safe, high-
quality, health-promoting and affordable foods
whilst meeting the increasing demands for sustainable
food production as perceived from the economic,
environmental and social perspectives.
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Abstract

The paper describes the links between human
diets, expected changes in lifestyle and its impact
on animal genetic resources for food and agriculture.
Specifically, the focus is on the genetic resources of
domesticated avian and mammalian species that
contribute to food production and agriculture. The
actual trends in combination with the growing
demand for products of animal origin for human
diets will inevitably lead to a shift in agricultural
systems towards more intensive systems. This will
most likely favour international transboundary
breeds instead of local breeds. At species level, the
shift towards poultry and pigs will continue.
Whether products from intensive systems can
contribute to a sustainable diet depends on the sys-
tem’s compatibility with regard to the rather complex
concept of sustainable diets. It is concluded that
providing sustainable diets can only be achieved
with a combination of sustainable improvement of
animal production and a combination of policy ap-
proaches integrating the full concept of sustainable
diets, accompanied by awareness-raising for the
value of animal genetic diversity and investing into
research as a basis for sound decisions. Numerous
research questions still require investigation, span-
ning different fields of science. With regard to live-
stock diversity and in view of the uncertainty of
future developments and climate change this
means to develop simple methods to characterize,
evaluate and document adaptive and production
traits in specific production environments.

1. Introduction

During the International Scientific Symposium on
“Biodiversity and Sustainable Diets - United Against
Hunger” held 3-5 November 2010 at FAO head-
quarters in Rome, experts agreed on a general con-
cept: “Sustainable diets are those diets with low
environmental impacts which contribute to food and
nutrition security and to healthy life for present and
future generations. Sustainable diets are protective
and respectful of biodiversity and ecosystems,

culturally acceptable, accessible, economically fair
and affordable; nutritionally adequate, safe and
healthy; while optimizing natural and human re-
sources.” With this definition, biodiversity is linked
with human diets and with the diversity of livestock
and livestock systems. However, trade-offs between
the different levels of sustainability are not ad-
dressed. Hoffmann (2011) reviews different levels of
sustainability and the trade-offs that occur between
them, partly due to the high trophic level of livestock
in the food web.

Agricultural biodiversity is a vital subset of biodi-
versity and the result of the interaction between the
environment, genetic resources and management
systems and practices used by culturally diverse
peoples. Agrobiodiversity encompasses the variety
and variability of animals, plants and micro-organ-
isms that are necessary for sustaining key functions
of the agro-ecosystem, including its structure and
processes for, and in support of, food production
and food security (FAQ, 1999a).

The State of the Worlds Animal Genetic Resources
for Food and Agriculture (FAO, 2007) describes the
link between livestock biodiversity and food security.
Genetically diverse livestock populations provide
society with a greater range of options to meet future
challenges. Therefore animal genetic resources
(AnGR) are the capital for future developments and
for adaptation to changing environments. If they are
lost, the options for future generations will be
severely curtailed. GTZ (2005) describes the preser-
vation of diverse farming systems and high levels of
biological diversity as a key precondition for eradi-
cating hunger.

For livestock keepers, animal genetic diversity is a
resource to be drawn upon to select stocks and de-
velop (new] breeds. Even widely known, the term
“breed” does not have a universally accepted bio-
logical or legal definition. However the term “breed”
is used to identify distinct AnGR populations as units
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of reference and measurement. According to FAO
(2007) breeds can be categorized as local (reported
by only one country) or transboundary (reported by
several countries). The latest assessment identifies
7 001 local breeds and 1 051 transboundary breeds
(FAO, 2010a).

The breed concept originated in Europe and was
linked to the existence of breeders’ organizations.
The term is now applied widely in developing coun-
tries, but it tends to refer to a sociocultural concept
rather than a distinct physical entity. FAO uses the
following broad definition of the breed concept,
which accounts for social, cultural and economic
differences between animal populations and which
can therefore be applied globally in the measurement
of livestock diversity: “either a sub-specific group of
domestic livestock with definable and identifiable
external characteristics that enable it to be separated
by visual appraisal from other similarly defined
groups within the same species or a group for which
geographical and/or cultural separation from phe-
notypically similar groups has led to acceptance of
its separate identity” (FAO, 1999b).

The paper describes the links between human diets,
expected changes in lifestyle and its impact on animal
genetic resources for food and agriculture.
Specifically, the focus is on the genetic resources
of domesticated avian and mammalian species that
contribute to food production and agriculture.

2. Products and services provided by livestock

Livestock are used by humans to provide a wide
range of products and services. Over time, a variety
of breeds and types have been developed to provide
these outputs in a wide range of production envi-
ronments. Doubtless, foods derived from animals
are an important source of nutrients (Givens, 2010)
that provide a critical supplement and diversity to
staple plant-based diets (Murphey and Allen, 2003).
However, there are varied reasons for keeping livestock,
which include providing manure, fibre for clothes and

resources for temporary and permanent shelter,
producing power, and serving as financial instruments
and enhancing social status (Randolph et al., 2007).
This range of products and services supporting the
livelihood strategies — especially of the poor - is a key
feature of livestock (Alary et al., 2011).

Until recently, a large proportion of livestock in
developing countries was not kept for food. However,
the growing demand for meat products is being met
increasingly through industrial systems, where
meat production is no longer tied to a local land
base for feed inputs or to supply animal power or
manure for crop production (Naylor et al., 2005). As
pointed out by FAO (2010b), the non-food uses of
livestock are in decline and are being replaced by
modern substitutes. Not only is animal draft power
replaced by machinery and organic farm manure by
synthetic fertilizers, but also insurance companies
and banks replace more and more the risk man-
agement and asset functions of livestock.

3. Trends in consumption and production of live-
stock products

Animal source foods (ASF), mainly meat, milk and
eggs provide concentrated, high quality sources of
essential nutrients for optimal protein, energy and
micronutrient nutrition (especially iron, zinc and
vitamin B12]. Access to ASF is believed to have
contributed to the evolution of the human species’
unusually large and complex brain and its social
behaviour (Milton, 2003; Larsen, 2003). Today, ASF
contribute a significant proportion to the food intake
of Western societies (MacRae et al., 2005), but play
also an increasing role in developing countries.
Since the early 1960s, consumption of milk per
capita in the developing countries has almost doubled,
meat consumption more than tripled and egg con-
sumption increased by a factor of five (FAQ, 2010b).
The growing demand for livestock products in devel-
oping countries has been driven mostly by population
growth, while economic growth, rising per capita
incomes and urbanization were major determinants



for increasing demand in a limited number of highly
populated and rapidly growing economies, a devel-
opment termed the “livestock revolution” (Delgado
etal., 1999; Pica-Ciamarra and Otte, 2009). This has
translated into considerable growth in global per
capita food energy intake derived from livestock
products, but with significant regional differences.
ASF consumption has increased in all regions
except sub-Saharan Africa. The greatest increases
occurred in East and Southeast Asia, and in Latin
America and the Caribbean (FAO, 2010a). Structural
changes in food consumption patterns occurred in
South Asia, with consumer preference shifts towards
milk and in East and Southeast Asia towards meat,
while no significant changes could be detected in
the other developing regions (Pica-Ciamarra and
Otte, 2009).

Despite global average increases, undernutrition
remains a large problem for those without access
to animal source food and with food insecurity
(Neumann et al., 2010) especially for poor children
and their mothers. High rates of undernutrition and
micronutrient deficiency among the rural poor suggest
that, despite often keeping livestock, they consume
very little animal-based food. As iron, zinc and
other important nutrients are more readily available
in ASF than in plant-based foods, increased access
to affordable animal-based foods could significantly
improve nutritional status, growth, cognitive
development and physical activity and health for
many poor people (Neumann et al., 2003). On the
other hand, excessive consumption of livestock
products is associated with increased risk of
obesity, heart disease and other non-communicable
diseases (WHO/FAO, 2003; Popkin and Du, 2003).
However, the nutritional aspects of animal products
as part of human diets are not the main focus of
this publication.

4. Trends in breed diversity and livestock production
systems
Diversity in AnGR populations is measured in different

forms: our livestock breeds belong to different avian
and mammalian species; thus species diversity can
simply be measured as the number of species. At
the subspecies level, diversity within and between
breeds and the interrelationships between populations
of breed can be distinguished (FAQ, 2011a). Simply
measuring breed diversity on the basis of number
of breeds leads to biases due to the sociocultural
nature of the breed concept. For example in Europe
and the Caucasus (FAO, 2007]), where for historical
reasons many but often closely related breeds were
developed, overestimation of between-breed diversity
is likely. The within-breed diversity plays an important
role for the total genetic variation of livestock; it may
be lost due to random-genetic drift and inbreeding
in small populations, usually local breeds. However,
within-breed diversity is also threatened in interna-
tional transboundary breeds as a side effect of efficient
breeding programmes, usually focusing on rather
narrow breeding goals. Various drivers influence
the between and within diversity in AnGR. Those
drivers overlap with drivers of change in global agri-
culture and livestock systems including population
and income growth, urbanization, rising female em-
ployment, technological change and the liberalization
of trade for capital and goods. Those drivers had
and have direct impact on human diets where a shift
away from cereal-based diets is at the same time
cause and consequence of change in agriculture.
The composition of the global agricultural production
portfolio has changed considerably; development of
the livestock sector was marked by intensification
and a shift from pasture-based ruminant species to
feed-dependent monogastric species (Pingali and
McCullough, 2010).

Over the past decades, agriculture has achieved
substantial increases in food production driven by
growing demand, but accompanied by loss of biodi-
versity, including in AnGR, and degradation of
ecosystems, particularly with respect to their regu-
lating and supporting services (WRI, 2005; FAO,
2011b). Genetic erosion in plants was reported in
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cereals, but also vegetables, fruits and nuts and
food legumes (FAO, 2010b). According to FAO
(2011b), reliance on a lesser number of crops not
only results in erosion of genetic resources but can
also lead to an increased risk of diseases when a
variety is susceptible to new pests and diseases.
This means increased food insecurity. The same
holds for AnGR. In this context it should be considered
that a rapid spread of pathogens, or even small spatial
or seasonal changes in disease distribution, possibly
driven by climate change, may expose livestock
populations with a narrow genetic basis to new dis-
ease challenges.

The situation in AnGR with regard to species diver-
sity is alarmingly low: from the about 50 000 known
avian and mammalian species only about 40 have
been domesticated. On a global scale just five
species show a widespread distribution and partic-
ularly large numbers. Those species are cattle,
sheep, chicken, goats and pigs, the “big five” (FAO,
2007). Therefore, the majority of products of animal
origin are based on quite narrow species variability
with the same risks as described for plants.

The diversity of breeds is closely related to the di-
versity of production systems. Local breeds are usually
based in grassland-based pastoral and small-scale
mixed crop-livestock systems with low to medium
use of external inputs. The many purposes for which
livestock are kept are vanishing and being replaced
by an almost exclusive focus on generating food for
humans - meat, eggs and milk, and an ongoing
trend away from backyard and smallholder livestock
production to large-scale production systems. As a
result of increased industrialization, livestock
breeds adapted optimally to their habitat, in most
cases not tailored to maximum meat or milk output,
are increasingly being displaced by high perform-
ance breeds - usually transboundary breeds for use
in high-external input, often large-scale, systems
under more or less globally standardized conditions.
In contrast to many local breeds, transboundary

breeds provide single products for the market at
high levels of output. Holstein Friesian Cattle - one
of the most successful international dairy breeds -
is spread almost all over the world and is reported
to be present in at least 163 countries. Large white
pigs are present in 139 countries; while in chicken,
commercial strains dominate the worldwide distri-
bution. Extrapolating the figures of FAO (2006) and
assuming that the production increase between the
early 2000s and 2009 is 100 percent attributable to
industrial systems, we can now estimate that indus-
trial systems which are based on a few international
transboundary breeds, provide 79% of global
poultry meat, 73% of egg and 63% of global pork
production.

5. Possible future livestock production and
consumption trends and their expected impact on
AnGR

World population is projected to surpass 9 billion
people by 2050. Most of the additional people will be
based in developing countries, where population is
projected to rise from 5.6 billion in 2009 to 7.9 billion
in 2050, while the population of developed regions
is expected to remain stable (UN, 2009). FAO projects
that by 2050, global average per capita calorie
availability could rise to 3 130 kcal per day, accompanied
by changes in diet from staples to higher value foods
such as fruit and vegetables, and to livestock products,
requiring world agricultural production to increase
by 70 percent from 2005/07 to 2050.

Based on past trends, FAO projects that globally,
meat consumption per capita per year will increase
from 41 kg in 2005 to 52 kg in 2050. In developing
countries, the effect of the “livestock revolution”
that led to fast growth of meat consumption and that
was mainly driven by China, Brazil and some other
emerging economies, is expected to decelerate.
However, annual per capita meat consumption
increases from 31 kg in 2005 to 33 kg in 2015 and
44 kg in 2050 are projected for developing countries.
Annual per capita meat consumption in developed



countries is projected to increase from 82 kg in 2005
to 84 kg in 2015 and 95 kg in 2050 (OECD-FAOQ 2009;
Bruinsma, 2009; FAO, 2010a). Given that net trade
in livestock products is a very small fraction of
production, the production projections mirror those
of consumption.

Thornton (2010) gives a comprehensive overview on
possible modifiers of future livestock production
and consumption trends, listing competition for re-
sources, climate change, sociocultural modifiers,
ethical concerns and technological development.
Satisfying the growing demand for animal products
while at the same time sustaining productive assets
of natural resources is one of the major challenges
agriculture is facing today (Pingali and McCullough,
2010). At the same time as the livestock sector is a
major contributor to greenhouse gas emissions, cli-
mate change itself may have a substantial impact
on livestock production systems. Hoffmann (2010)
gives a comprehensive overview on the consequences
of climate change for animal genetic diversity,
discussing the differences between developing and
developed countries.

The environmental impacts of livestock production
occur at local, regional and global levels (FAO,
2006). The particularly rapid growth of the livestock
sector implies that much of the projected additional
cereal and soybean production will be used for feeding
enlarging livestock populations, resulting in increas-
ing competition for land, water and other productive
resources. This in turn puts upward pressure on
prices for staple grains, potentially reducing food
security. A further concern in relation to products of
animal origin is livestock’s contribution to climate
change and pollution. The projected need for addi-
tional cropland and grassland areas implies further
risks of deforestation and other land-use changes,
e.g. conversions of semi-natural grasslands. This
will not only lead to loss of biodiversity, but also to
greenhouse gas and nitrogen emissions (FAO,
2010a; Westhoek et al., 2011). More research is

needed related to livestock-water interactions.
Such concerns are highly relevant when talking
about sustainable diets.

Together with an increasing urbanization and glob-
alization, market requirements will change. As
market requirements are standardized and allow
for little differentiation, some traditional and rare
breeds might face increasing marketing difficulties.
Loss of small-scale abattoirs, often due to food
safety regulation, can reduce the ability for breeds
to enter niche markets or product differentiation.
National strategies for livestock production do not
reflect the need for a genetic pool of breeding stock.
Although breeding has to focus on what the market
wants (mass or niche market], other factors also
have to be taken into account. The choice of
breeds/breeding used in the livestock sector needs
to ensure the profitability of the farm, safeguard
animal health and welfare, focus on conserving
genetic diversity, and promote human health.

Modelling results indicate that the main points of
intervention to reduce the environmental impacts
of livestock production are: changes in nutrient
management, crop yields and land management,
husbandry systems and animal breeds, feed con-
version and feed composition, reduction in food
losses, and shifts in consumption (Stehfest et al.,
2009; Westhoek et al., 2011; FAO, 2011b).

Due to the many synergies between enhancing pro-
duction and reducing costs, it is already common
practice to improve production efficiency. The
changes in husbandry systems and animal breeds,
and feed conversion and feed composition, will
favour intensive livestock systems in which good
feed conversion efficiency leads to reduced GHG
emissions per unit of meat, milk etc. produced,
which can be judged positively with regard to con-
tributing products to sustainable diets. However,
soil and water pollution and contamination are
frequently found in intensive production areas (FAO,
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2010a). Increasing concentrate feed efficiency will
lead most likely to shift with regard to the species
away from ruminants towards monogastric species
like poultry and pigs (FAO, 2010a). On the breed
level, local breeds will more and more be replaced
by transboundary breeds, leading to a further loss of
local breeds and their manifold functions. Besides
the loss of between-breed diversity an additional
loss of within-breed diversity can be expected due
to the further pressure on increasing yields of
transboundary breeds by applying effective breeding
programmes focusing on rather narrow breeding
goals. Such losses due to effective breeding pro-
grammes might even be faster than in the past due
to application of new biotechnologies.

Intensification of livestock production systems,
coupled with specialization in breeding and the
harmonizing effects of globalization and zoosanitary
standards, has led to a substantial reduction in the
genetic diversity within domesticated animal species
(FAO, 2007). The risk for breed survival in the past was
highest in regions that have the most highly-special-
ized livestock industries with fast structural change
and in the species kept in such systems. Globally,
about one-third of cattle, pig and chicken breeds are
already extinct or currently at risk (FAO, 2010a).
According to the last status and trends report of AnGR
(FAO, 2010a) a total of 1 710 (or 21 percent) of breeds
are classified as being “at risk”.

Recent studies proposed that the consumption of
farm animal products must be curtailed to reduce
anthropogenic greenhouse gas emissions (Stehfest
etal., 2009). Others propose lowering meat demand
in industrialized countries (Grethe et al, 2011)
which, although having only a small effect on food
security in developing countries, would have positive
effects for human health, result in a less unequal
per capita use of global resources, lower green-
house gas emissions, and could ease the introduction
of higher animal welfare standards (see also
Deckers, 2010).

Afurther option to fulfill the globally growing demand
for animal source products could be the use of
“artificial” meat or in vitro produced meat. In this
trajectory, changes in food composition could
improve health characteristics, and closed industrial
production technology may result in more hygienic
and environmental friendly characteristics than
“traditional” meat (Thornton, 2010). While this may
contribute, e.g. to the health aspect of a sustainable
diet, it may possibly not fulfill the criterion of “cultural
acceptance”. Also, a large-scale development and
uptake of in vitro meat will have severe effects on
the livestock sector and most likely a negative effect
on the diversity of AnGR. /n vitro meat and food for-
tification also contradict the concept of sustainable
diet which stresses the importance of food-based
approaches (Allen, 2008).

Finally, the reduction of food losses will be critical,
as they imply that huge amounts of the resources
used in and GHG emissions caused by production of
food are used in vain. Waste disposal releases even
more GHG. ASF, being highly perishable and con-
nected to food safety risks, incur high losses along
the chain. Losses of meat and meat products in all
developing regions are distributed quite equally
throughout the chain, while in industrialized regions,
about 50 percent of losses occur at the end of the
chain due to high per capita meat consumption
combined with large waste proportions by retailers
and consumers. Waste at the consumption level
makes up approximately 40-65 percent of total milk
food waste in industrialized regions. For all devel-
oping regions, waste of milk during post-harvest
handling and storage, as well as at the distribution
level, is relatively high (FAO, 2011b).

In summary, the actual trends in combination with
the growing demand for products of animal origin for
human diets will inevitably lead to a shift in agricultural
systems towards more intensive systems. This will
most likely favour international transboundary
breeds instead of local breeds. At species level, the



shift towards poultry and pigs will continue.

Whether products from intensive systems can con-
tribute to a sustainable diet depends on the system’s
compatibility with regard to the rather complex
concept of sustainable diets namely being protective
and respectful of biodiversity and ecosystems, cul-
turally acceptable, accessible, economically fair and
affordable; nutritionally adequate, safe and healthy;
while optimizing natural and human resources.
However, even if many aspects to contribute to a
sustainable diet might be fulfilled in more intensive
systems, a loss of AnGR appears to be quite likely at
global level.

6. Solutions with focus on sustainable diets favouring
diversity of AnGR

Past efforts to increase yields and productivity have
been undertaken mainly within a framework that
has aimed to control conditions and make production
systems uniform (FAO/PAR, 2010), which allows the
use of uniform breed and being therefore not bene-
ficial for the diversity of AnGR. This has led to a narrow
set of breeds and management practices. Inevitably,
cultural and social roles of livestock will continue to
change, and many of the resultant impacts on food
security may not be positive (Thornton, 2010). The
scenarios described above do not give rise to a
bright future for AnGR’s diversity even if sustainable
diets are propagated. However, there is hope be-
cause there is already a wide range of agricultural
practices available to improve production in sus-
tainable ways (e.g. FAO/IAEA 2010).

Focusing on local and regional rather than global
(i.,e. GHG) aspects of sustainability also has its
drawbacks. Measures such as improved animal
welfare may lead to less efficient production,
thereby may just shift the negative environmental
impact elsewhere; other measures may lead to
higher costs for farmers. However, Westhoek
(Westhoek et al., 2011) assume that, if done prop-
erly, such measures would lead to lower societal

costs by reducing local environmental impacts,
animal welfare problems and public health risks.
Aiming for manifold objectives with regard to envi-
ronmental aspects of livestock keeping like reduction
of greenhouse gases, maintenance of biodiversity
etc., will lead to different, locally tailored solutions.
Manifold objectives might add value to AnGR’s
diversity. There exist also agricultural systems that
are reliant on biological processes and on natural
properties of agro-ecosystems to provide provisioning,
regulating, supporting and cultural services. Such
systems are a prerequisite for production of food for
sustainable diets. Besides traditional systems a
range of different innovative approaches to agricul-
tural production exist, seeking to combine produc-
tivity and increased farmer incomes with long-term
sustainability (FAO/PAR, 2011). In European countries,
there is an increased emphasis on, and economic
support for, the production of ecosystems goods
and services, with a possibly positive effect on the
role of local breeds and survival chances for small-
scale abattoirs.

Arguments in favour of low-input breeds are based
on the multiple products and services they provide,
mostly at regional and local level. Firstly, their ability
to make use of low-quality forage results in a net
positive human edible protein ratio. Secondly, under
appropriate management, livestock kept in low
external input mixed and grazing systems provide
several ecosystem services. Thirdly, as a result, and
linked to local breeds’ recognition as cultural
heritage, linkages to nature conservation need to be
further explored and strengthened (Hoffmann,
2011). All this is in harmony with the qualities of a
sustainable diet.

In this context the ability of livestock, especially
ruminants, to transform products not suitable for
human consumption, such as grass and by-prod-
ucts, into high-value products such as dairy and
meat, plays a role. Permanent grasslands are an
important carbon sink and harbours of biodiversity.
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One of the six priority targets of the 2011 EU
Biodiversity Strategy is “to increase EU contribution
to global efforts to avoid biodiversity loss”. The ac-
companying impact assessment suggests that
approximately 60 percent of agricultural land would
need to be managed in a way that supports biodi-
versity to meet this target (including both exten-
sively and intensively managed areas under grass,
arable and permanent crops.

In Europe, so-called High Nature Value Farmlands
make up approximately 30 percent of grasslands
(EU15); they are considered to be part of Europe’s
cultural heritage and are mostly Natura 2000 sites.
However, only an estimated 2-4 percent of dairy
production and around 20 percent of beef produc-
tion comes from high nature value grasslands. The
majority of livestock production in Europe originates
from intensively managed permanent or temporary
grasslands, stimulated by fertilizer application and
often sowed with high-yielding grass varieties, and
from cropland (Westhoek et al., 2011).

At global levels, distinctions between different types
of grasslands, is even more difficult. Grasslands
occupy about 25% of the terrestrial ice-free land
surface. In the early 2000s they harboured between
27% and 33% of cattle and small ruminant stocks,
respectively, and produced 23% of global beef, 32%
of global mutton and 12% of milk (FAQ, 2006). There
is sufficient intensification potential in such exten-
sive systems without having to change the breed
base; a recent life cycle analysis for the dairy sector
also showed a huge potential for moderate effi-
ciency gains in developing countries (FAO, 2010c].
On the contrary, well adapted, hardy breeds are
advantageous in utilizing the vast areas under
rangelands (FAQ, 2006). In view of the uncertainty for
future developments a wide diversity of AnGR is the
best insurance to cope with unpredictable effects.

The main criticisms of ecological approaches were
summarized during an expert workshop on biodi-

versity for food and agriculture (FAO/PAR, 2011) as
follows: (i) adoption of ecological approaches to
farming reflects a romantic and backward-looking
perspective, (i) they will require even larger subsidies,
and (iii) they are labour and knowledge intensive. To
overcome this scepticism, innovation and develop-
ment for new approaches will be essential, while a
critical assessment of existing research results
might be advisable, because most cost-benefit
analyses comparing high-input systems with sus-
tainable agricultural systems tend not to account for
the manifold benefits agricultural systems can
provide (FAO/PAR, 2011).

The recognition of the value of nutritional and di-
etary diversity is becoming an important entry point
for exploring more ecologically sustainable food
systems. A key role might be played by consumers
when getting more access to information and control
over consumption. Undoubtedly, use of diversity
requires significant knowledge and skills. Never-
theless there are questions regarding the robust-
ness of consumers’ preferences regarding organic
and local food, particularly in times of considerable
economic uncertainty (Thornton, 2010). Limited
economic resources may shift dietary choices
towards cheap, energy-dense, convenient, and
highly palatable diets providing maximum energy
(Drewnowski and Spencer, 2004). Consumption
shifts, particularly a reduction in the consumption
of livestock products, will not only have environ-
mental benefits (Stehfest et al., 2009), but may also
reduce the cardiovascular disease burden (Popkin
and Du, 2003). However, changing consumption
patterns is a slow cultural process.

7. Conclusions

There is no question that demands for animal prod-
ucts will continue to increase in the next decades
and a further push to enhance livestock productivity
across also production systems is needed that takes
the environmental footprint of livestock production
into account. At local level, there are many agree-



ments between environmental sustainability goals,
sustainable production and providing sustainable
diets. However, many of the required new technolo-
gies to increase resource efficiencies at global level
will accelerate the structural change of the sector
towards more intensive systems and thereby the
losses of animal genetic diversity even if sustainable
diets are aimed at. If the goal is providing sustainable
diets, avoiding the erosion of genetic diversity must
be more spotlighted.

Providing sustainable diets can only be achieved with
a combination of sustainable improvement of animal
production and a combination of policy approaches
integrating the full concept of sustainable diets, ac-
companied by awareness raising for the value of bio-
diversity and investing in research as a basis for
sound decisions. Numerous research questions still
require investigation, spanning different fields of
science. With regard to livestock diversity and in view
of the uncertainty of future developments and climate
change this means to develop simple methods to
characterize, evaluate and document adaptive and
production traits in specific production environments.
The lack of such data is currently one of the serious
constraints to effective prioritizing and planning for
the best use of animal genetic resources measures
in a sustainable development of the livestock sector.
Intensifying research to develop life-cycle assess-
ments and to include delivery of ecosystem services
in the analysis recognizing and rewarding the
sustainable use of biodiversity in well-managed
rangelands with local breeds will also be one major
task.

The concept of sustainable diet and the essential
role of AnGR, needs to be addressed through aware-
ness and educational programmes. Eating means
not just ingesting food, but it is also a form of en-
joyment and cultural expression.
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Abstract

Aquatic foods make a significant contribution to
improve and diversify diets and promote nutritional
well-being for many people. However, fisheries
resources have been poorly managed for decades
and are fully exploited, sometimes even overex-
ploited. The increasing demand for aquatic foods
will therefore be met by reducing post-harvest
losses and diversion of more fish into direct human
consumption, but above all by an increasing aqua-
culture production. Aquaculturists are optimistic
that far more fish can be produced, however, the
availability of fishmeal and fish oil, the main ingre-
dients for aquaculture puts with the present tech-
nology, a limit to this development. Any growth of
sector as experienced during the past decades will
therefore more likely be linked with the sustained
supply of terrestrial feed ingredients. This develop-
ment is raising concerns that aquaculture products
might get a nutrition profile differing from their wild
counterpart, particularly in relation to the content
of the beneficial long-chained omega-3 fatty acids.
The importance for biodiversity of the strong devel-
opment of aquaculture is outstanding, as only a
handful of species are commercially cultivated,
while the world capture fisheries includes a huge
range of species. The increasing concern for a sus-
tainable use of fisheries and aquaculture resources
has resulted in the development of principles
and standards where the FAO Code of Conduct for
Responsible Fisheries is becoming a reference. This
has led to frameworks, agreements and guidelines
aiming at securing both human and animal health,
protecting biodiversity and promoting environmental
sustainability. An increased awareness among
consumers about the sustainability of fisheries
resources has emerged in the Northern Hemisphere
during recent years, and the fisheries sector is
responding by developing a number of certification
schemes and labels certifying that their products are
sustainable. Increased emphasis on aquatic ecosys-
tems, such as rice fields, should also be mentioned,
since a more intensified agriculture sector is chal-

lenging this unique source of aquatic foods.

Introduction

Aquatic foods, comprising fish, other aquatic animals
and aquatic plants, have been significant sources of
food and essential nutrients since ancient times.
The wealth of aquatic resources has also provided
employment and livelihoods, and has been regarded
as an unlimited gift from nature. However, with
increasing knowledge, we also know these resources
are finite and need to be properly utilized and man-
aged in order to secure their important contribution
to diets and economic activities of a growing world
population.

Aquatic foods, from both cultured and captured
sources, make a significant contribution to improve
and diversify dietary intakes and promote nutritional
well-being among most population groups. Eating
fish is part of the cultural traditions of many people,
and in some populations, fish and fishery products
are a major source of food and essential nutrients,
and there may be no other good alternative and
affordable food sources for these nutrients.

Fish has a highly desirable nutrient profile and can
provide an excellent source of high quality animal
protein that is easily digestible and of high biologi-
cal value. Fatty fish, in particular, is an extremely
rich source of omega-3 polyunsaturated fatty acids
(PUFASs] that are crucial for normal growth and
mental development, especially during pregnancy
and early childhood (Lewin et al., 2005; Martinez,
1992). It is also established that fish in the diet in
most circumstances lowers the risk that women
give birth to children with suboptimal development
of the brain and neural system that may occur if not
eating fish (FAO/WHO, 2011).

Among the general adult population, consumption
of fish, and in particular oily fish, lowers the risk of
CHD mortality (Mozaffarian and Rimm, 2006). Fish
and other aquatic foods are also rich in vitamins
such as vitamin A, D and E, and also vitamins from
the B complex. Minerals such as calcium, phosphorus,
zinc, selenium, iron and iodine in marine products
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are abundant in most aquatic foods, and fish can
play an extremely important role as a very good
source of essential nutrients, particularly as a
source of micronutrients, where other animal
source foods are lacking.

More than one billion people, within 58 developing
and low-income food-deficit countries, depend on
fish as the primary source of animal protein. Fish is
a unique food that could be used to address almost
all the major malnutrition disorders. Beyond provid-
ing food, aquaculture and fisheries also strengthen
people’s capacity to exercise their right to food
through employment, community development,
generating income and accumulating other assets.

Sustainability of aquatic resources as food

The global production of marine capture fisheries
was about 80 million tonnes in 2008. The stocks of
the top ten species account for about 30 percent of
the world marine capture fisheries production, most
of them fully exploited (Figure 1). The widespread
failure to manage fishery resources properly, has
resulted in a situation where some 32% of stocks
are overexploited, and 53% of the stocks are fully
exploited, leaving only 15% of the stocks with a po-
tential for increased capture and biodiversity in
foods based on capture fisheries. There is general
scientific agreement that significantly more cannot
be produced from wild fish populations (FAO, 2011a).
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Figure 1. Global trends in the state of world marine stocks since
1974 (FAOQ, 2011a).

However, total global fish production has continued
to rise, amounting to 142 million tonnes in 2008. The
balance is made up by production from aquaculture,
which amounted to 52.5 million tonnes in 2008, con-
tributing 46 percent to the total foodfish production.
Although there is no association between resource
sustainability and health, the issue of sustainability
must be considered if proven health benefits lead to
an increased demand for seafood. With the known
wide range of benefits from seafood consumption, it
is pertinent to consider whether increased production
is possible.

The increasing demand for fish will mainly be provided
by increased aquaculture production. However,
the increasing demand for fisheries products is also
encouraging a better use of available, but limited,
resources. FAO is encouraging technology and
knowledge that could help the fisheries industry and
fish processors to reduce waste and increase the
amount of fish ending up as food.

Post-harvest losses of high quality fish are also a
challenge due to poor handling of fish and fisheries
products. In some cases 20 percent of fish landed
are lost before reaching the consumer due to poor
hygiene facilities and handling. Poor handling also
causes big physical losses of fish, as well as economic
losses due to lower quality and value of the end
product. As demand for fisheries products will
increase in the future and acknowledging the
important role of the fisheries sector in food and
nutrition security, the economy and livelihoods of
many vulnerable populations, sharing knowledge on
handling and storing of a perishable product such
as fish should be given high priority.

Increased focus on improving the utilization of fish
species of low value, such as the Peruvian anchoveta
should also be encouraged. The anchoveta has
traditionally been processed into fish oil and fishmeal,
but is a good example of an excellent fish with a
potential for direct human consumption; very high
nutritional value, and affordable for most people. Although
challenges such as cultural acceptance and conflict



with the high demand for fishmeal and oil, direct
human consumption would in many cases be a better
use of the limited fisheries resources. During the
last ten years the consumption of Peruvian anchoveta
has actually increased significantly, but is still less
than 5 percent of the total catches.

Feeding the aquaculture sector

It is anticipated that an additional 27 million tonnes
of aquatic food will be required by 2030 considering
the projected population growth and maintaining
the present per capita consumption. Availability of
feed will be one of the most important inputs if
aquaculture has to maintain its sustained growth to
meet the demands of aquatic foods. Total industrial
compound aquafeed production has increased
almost fourfold from 7.6 million tonnes in 1995 to
29.3 million tonnes in 2008, representing an average
growth rate of 10.9 percent per year (Tacon et al.,
2011). Compound feeds are used both for the
production of lower-value (in marketing terms)
food-fish species such as non-filter feeding carps,
tilapia, catfish and milkfish, as well as higher-value
species such as marine finfish, salmonids, marine
shrimp, and freshwater eels and crustaceans.

The aquaculture sector is now the largest user of
fishmeal and fish oil (Tacon et al., 2011). However, it
is projected that over the next ten years or so, the
total use of fishmeal by the aquaculture sector will
decrease while the use of fish oil will probably
remain around the 2007 level (Tacon et al., 2011).
The reason for this is due to decreased fishmeal and
fish oil supplies; tighter quota setting and better
enforced regulation of fisheries resources. It is
projected that over the next ten years, fishmeal
inclusion in diets for carnivororous species will be
reduced by 10-30 percent and replaced by cost-
effective alternatives to fishmeal (Rana et al., 2009;
Tacon et al., 2011). Further, with increased feed
efficiency and better feed management, feed con-
version ratios for many aquaculture species will be
improved.

Although the current discussion about the use of
marine products as aquafeed ingredients focuses
on fishmeal and fish oil resources, the sustainability
of the aquaculture sector is more likely to be more
linked with the sustained supply of terrestrial feed
ingredients of animal and plant origin. Soybean
meal is currently the most common source of plant
proteins used in compound aquafeeds. Other plant
proteins deriving from pulses, oilseed meals, corn
products and other cereals are also being increas-
ingly used.

If the aquaculture sector is to maintain its current
average growth rate of 8 to 10 percent per year to
2025, the supply of nutrient and feed inputs will
have to grow at a similar rate. There are needs
for major producing countries to place particular
emphasis to maximize the use of locally available
feed-grade ingredient sources, particularly nutri-
tionally sound and safe feed ingredients whose pro-
duction and growth can keep pace with the growth
of the aquaculture sector.

Agquaculturists are optimistic that far more fish can
be produced, but there are issues of nutritional
quality using land-based feeds, particularly regard-
ing alternatives to fish oil. Long chained (LC)
omega-3 fatty acids are mainly found in fish oil, so
fish oil is an essential feed ingredient in order to
assure the nutritional quality of the end product.
Intensive research is therefore required in order to
find alternatives to fish oil, such as LC omega-3
production from hydrocarbons by yeast fermentation,
extraction from algal sources and/or genetic modi-
fication of plants to become LC omega-3 fatty acids
producers. However, for now and probably for the new
decade, the source of LC omega-3 fats will remain
marine capture fisheries.

Trade and marketing

The share of fishery and aquaculture production
(live weight equivalent] entering international trade
as various food and feed products increased from
25 percent in 1976 to 39 percent in 2008, reflecting
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the sector’s growing degree of openness to, and
integration in, international trade. High-value
species such as shrimp, prawns, salmon, tuna,
groundfish, flatfish, seabass and seabream are
highly traded, in particular as exports to more
affluent economies, and low-value species such as
small pelagics are also traded in large quantities.
Products derived from aquaculture production are
contributing an increasing share of total interna-
tional trade in fishery commodities, with species
such as shrimp, prawns, salmon, molluscs, tilapia,
catfish, seabass and seabream (FAOQ, 2011a).
Aquaculture continues to be the fastest-growing
animal-food-producing sector and to outpace population
growth, with per capita supply from aquaculture
increasing from 0.7 kg in 1970 to 7.8 kg in 2008, an
average annual growth rate of 6.6 percent. At present,
about 46 percent of world food fish supply comes
from aquaculture, which compares to 32 percent
some ten years ago.

The importance for biodiversity of this strong devel-
opment of aquaculture is outstanding, as only a
handful of species are commercially cultivated, while
the world capture fisheries includes a huge range of
species, some with very limited catch figures.

On the marketing side, the importance of super-
markets in the distribution of seafood is increasing.
In some countries, both in the developed and the
developing world, supermarkets account for more
than 70-80 percent of seafood retailing. This
process has emerged relatively quickly during the
last decade. These retailers have certain character-
istics which aim at standardized sizes, product quality
and constant availability.

These requirements are easily met by the aquaculture
industry, while capture fisheries has difficulties
meeting these requests, as sizes and quality of cap-
ture fisheries, principally a hunting exercise, vary
greatly. Thus further concentration of the super-
markets in seafood marketing will result in even
more demand for aquaculture products, and thus
in less variety of fish products available to the

consumer. This will result, in the long run, in less
biodiversity, as the few aquaculture species,
salmon, shrimp, bivalves, tilapia and catfish, will
increasingly replace the wild species traditionally
living in the aquatic environment used for aquacul-
ture production. Thus the increasing importance of
aquaculture has a negative impact on biodiversity,
but might be the most sustainable option of meeting
the increasing demand of aquatic foods.

Biosecurity and biodiversity

The current trend towards globalization of the aqua-
culture industry, while creating new market oppor-
tunities for aquaculture, has also resulted in
intensified production, increased pressure to
improve production performance and the wide-
spread movement of aquatic animals. This scenario
has increased the likelihood of disease problems
occurring. Transboundary aquatic animal diseases
(TAADs]) are highly infectious with strong potential
for very rapid spread irrespective of national borders.
They are limiting the development and sustainability
of the sector through direct losses, increased op-
erating costs, closure of aquaculture operations,
unemployment; and indirectly, through restrictions
on trade and potential negative impacts on biodi-
versity (Bondad-Reantaso et al., 2005).

Biosecurity is a strategic and integrated approach
that encompasses both policy and regulatory
frameworks aimed at analysing and managing risks
relevant to human, animal and plant life and health,
including associated environmental risks (FAO,
2007). It covers food safety, zoonoses, introduction
of animal and plant diseases and pests, introduction
and release of living modified organisms (LMOs)
and their products (e.g. genetically modified organ-
isms or GMOs]), and the introduction of invasive alien
species.

Effective biosecurity frameworks and aquatic animal
health management strategies are important for safe-
guarding animal health, enhancing food safety, pro-
moting environmental sustainability and protecting



biodiversity. They play an important role at every
stage of the life cycle of an aquatic animal from
hatching to harvesting and processing, and thus are
essential to ensuring sustainable and healthy
aquatic production. They can also stimulate increased
market supply and private investments, as such
frameworks support farmers’ ability for efficient
production of healthy products that are highly
competitive in the market, thus increasing their
incomes, improving their resilience and enabling
them to effectively respond to the impacts of pro-
duction risks.

While significant developments have taken place in
many countries with regard to managing aquatic
animal health, the current trend towards intensifi-
cation, expansion and diversification of aquatic food
production continues to present many challenges.
Countries should consistently carry out effective
biosecurity measures at both farm and policy levels
to: reduce the risks from emerging threats brought
about by expanding species for aquaculture and
improving production efficiency; prevent, control
and eliminate diseases in a timely manner; and
respond to consumers’ increasing concerns for
healthy and nutritious aquatic production, food
safety, ecosystems integrity and animal welfare.

Ecosystem approach

Many rural households depend heavily on aquatic
ecosystems as a source of essential nutrients in
their food supply. Rapidly growing populations and
changes in agronomic practices have however often
resulted in increased use of pesticides and fertilizers
in agricultural activities in order to produce more
food in less space. This development is in many
cases threatening the food and nutrition security of
populations, as biodiversity might be reduced in
ecosystems affected by intensive agriculture, such
as rice cultivation. Traditional cultivation of rice
crops under flooded conditions provides an excellent
environment for aquatic organisms such as fish
(Halwart, 2007). Intensive rice farming has increased

production and reduced the price of this essential
commodity, but at the same time the aquatic biodi-
versity in the rice fields is inevitably being reduced.
Poor populations, who traditionally obtained a sig-
nificant part of their dietary diversity from this
aquatic environment, are threatened. The aquatic
ecosystem, such as rice fields, have been reported
to provide more than 100 aquatic species such as
fish, molluscs, reptiles, insects, crustaceans, and
plants in Cambodia (Balzer et al., 2005), many of
which are collected and utilized on a daily basis by
rural households (Halwart and Bartley, 2007). These
species are excellent sources of essential nutrients,
such as proteins, essential fatty acids, vitamin A,
calcium, iron, zinc and other micronutrients, defi-
cient in many diets (James, 2006).

International frameworks

In order to secure a sustainable use of aquatic
resources, it has been important to identify rights
and responsibilities of states who manage fisheries
resources. In the mid-1970s, exclusive economic
zones (EEZs) were widely introduced, and in 1982
the United Nations Convention on the Law of the
Sea provided a new framework for the better man-
agement of marine resources. Growing population
and increasing demand for fish and fishery products
has increased investments in fishing fleets and
processing facilities, leading to a rapid and uncon-
trolled exploitation of limited fishery resources. In
order to address the concerns related to responsible
and sustainable fisheries, FAO was requested
to prepare an international Code of Conduct for
Responsible Fisheries (FAO, 1995).

The Code was finally adopted in 1995 by the FAO Con-
ference, and provides a framework for national and
international efforts to ensure sustainable exploita-
tion of aquatic living resources in harmony with the
environment. The Code of Conduct for Responsible
Fisheries establishes principles and standards appli-
cable to tile conservation, management and develop-
ment of all fisheries, in a non-mandatory manner.
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The Code of Conduct for Responsible Fisheries has
been used by many governments as a basis to intro-
duce policies and mechanisms in order to ensure
the sustainability and the biodiversity of their fish
stocks and aquatic environment. FAO has also
developed voluntary guidelines in order to help
member countries, such as the “FAO International
Guidelines for the Management of Deep-sea Fisheries
in the High Sea” (FAQ, 2008), a unique international
instrument promoting responsible fisheries while
ensuring the conservation of marine living resources
and the protection of marine biodiversity.

The increased focus on sustainability by govern-
ments and environmental organizations such as the
World Wide Fund for Nature (WWF] has increased
the awareness among consumers of how the limited
natural resources are utilized and how it may impact
the environment and biodiversity. As a result, the
private sector has introduced initiatives to meet the
demand from consumers, such as eco-labels, in-
suring responsible fishing practices and sustainable
use of the aquatic environments.

The Marine Stewardship Council (MSC) has one of
the best known standards and certification pro-
grammes for the fisheries sector, but many other
eco-labelling schemes such as “Friends of the
Sea”, "KRAV” and “Naturland” provide their serv-
ice to the fisheries and aquaculture sector (Blaha,
2011). On the request from member states, FAO has
produced guidelines in order to harmonize the in-
creasing number of certification schemes, such as
the “FAO Guidelines for the Eco-Labelling of Fish
and Fisheries Products from Marine Capture” (FAO,
2005), and the “Guidelines for Aquaculture Certifi-
cation” (FAO, 2011b).

With regard to the international trade in aquatic ani-
mals, different obligatory international treaties/agree-
ments and other voluntary guidelines are involved.
Examples of binding international agreements include
the following: Sanitary and Phytosanitary Agreement
of the World Trade Organization, SPS Agreement
(WTO, 1994), the Convention on Biological Diversity

(CBD, 1992), the Convention on International Trade
of Endangered Species and European Union related
legislation and directives. Examples of voluntary
agreements/guidelines include that of the Interna-
tional Council for the Exploration of the Seas (ICES,
2005), the codes of practice of the European Inland
Fisheries Advisory Commission (Turner, 1998) and a
number of FAO guidelines. In many instances, vol-
untary international guidelines are incorporated into
national legislations and thus become mandatory at
the national level.
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Abstract

This study review summarizes the results of a sci-
entific expertise which was commissioned by the
French Ministry of Agriculture in 2010. It aims to
define the typologies of food behaviours and their
changes in time, to establish the state of the art on
the determinants of these behaviours and their
impact on health and finally to examine the nu-
merous public or private actions or campaigns
aiming to improve these behaviours and to conclude
on their effects.

1. Introduction: Context and objectives of the
collective scientific expertise

This paper reports the main conclusions of a
Collective Scientific Expertise (CoSE) commis-
sioned by the French Ministry of Food, Agriculture
and Fisheries and conducted by INRA (French
National Agriculture Research Institute) from May
2010 until June 2011. Research into the links
between diet and maintaining good health has
gradually widened in scope, from research into the
relationship between nutrients and health (e.g. the
role of vitamins), to the complex nutritional effects
of food - thus recommending the consumption of
certain foods containing more valuable nutrients
(e.g. fruit and vegetables, less saturated fatty
acids) - and how best to combine foods within diet.
For several years, public policies based on these
findings have led to initiatives aiming to render diet
more beneficial to health (nutritional information
campaigns, concerted action with the food industry).
But the growing number of overweight people
shows that this action has fallen short of its objective.
In order to make these public policies more effec-
tive, it is important to know better how consumers
make their food choices and which are their deter-
minants. How are these affected by food composition,
hunger, level of education, income, advertising,
accessibility and so on, depending on the con-
sumer’s age. These issues led the French Ministry
of Food, Agriculture and Fisheries to commission

INRA to undertake a collective scientific expertise,
and thus to obtain an updated state of published
scientific knowledge on these different determi-
nants for use in guiding policy-makers.

Dietary behaviours are formed by considerations
that are not all connected with food and nutrition
per se. Investigating these behaviours means making
the connection between all the relevant disciplines -
epidemiology, nutrition, food science, psychology,
sociology, economics — in order to grasp how be-
haviours are formed, and how levers can be used to
modify them so that they are in line with nutritional
guidelines.

2. CoSE methods and scope

The CoSE is based on certified international scien-
tific articles, which guarantees reliability of the
information used. A group of about 20 scientific
experts working for various scientific institutions
in France (INRA, Institut Pasteur in Lille, Univer-
sity Hospital in Lille, CIHEAM, CNRS) were involved
in this CoSE. Their expertise covered areas as
diverse as epidemiology, physiology, food sciences,
economics, sociology, marketing and psychology.
Their work drew upon a total of about 1 840 articles,
93 percent of which were scientific, in addition to
statistical data, books and technical reports. The
experts selected all the relevant facts in these
documents, then analysed and assembled them to
provide insight into the issues in hand.

The CoSE gives neither opinions nor recommen-
dations. It presents a thorough review of the
knowledge available on the determinants of dietary
behaviour, using a multidisciplinary approach
combining the life sciences with the human and
social sciences. It also outlines some prospective
measures, based on an evaluation of a number of
public or private initiatives. It examines human
dietary behaviour overall and refers neither to
pathologies and eating disorders requiring medical
treatment (malnutrition, bulimia, anorexia, etc.)
nor to specific eating practices (vegetarianism,
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diets prescribed by religious belief etc.), nor does it
study the relationship between diet and physical
exercise, recently investigated by Inserm.

3. Main results of the expertise

3.1 An overall approach to diet is required
Changes in dietary practices over the past few
decades, particularly the increase in the proportion
of fat in diet, are linked with modifications in food
supply (technological innovation, food chain) and
more generally with changes in lifestyle.

Research on the relationship between diet and
health focused primarily on the role of nutrient
intake (lipids, vitamins) or individual foodstuff intake
(fruit, vegetables, meat). This research, often exper-
imental, has confirmed certain hypotheses linking
food consumption to effects on metabolism which
can be good or bad for health. Extrapolation of
these findings, obtained in controlled trials, to real
life requires the integration of other aspects (living
conditions, income].

Certain epidemiological studies, after examining
different diets, have established a number of typolo-
gies that are more representative for studying real
dietary behaviour.

Although correlations between diet typologies and
health are clear, it is difficult to establish causalities
between changing dietary practices and certain
chronic illnesses (cancer, cardiovascular disease).
Links are more clearly established for obesity.

3.2 The physiological mechanisms regulating food
intake are affected by environment

Physiological regulation of food intake is based on the
alternate cycle of two physiological states: hunger and
satiety. A network of internal signals, coming from the
digestive tract and from the central nervous system,
alternates food intake with satiety. This mechanism
allows self-regulation of energy intake, and is partic-
ularly effective in young children. This regulatory
system seems to have altered in obese people.
Energy compensation can take place between one

meal and the next, in the case of temporary defi-
ciency or excess. However, dietary deficiencies are
compensated far more easily than dietary excess
managed. In a society with plenty of choice, temporary
overeating is thus more likely to be poorly managed
during the following meals, leading to weight gain.
Intake is adjusted more effectively by eaters who
are attentive to the physiological signals of hunger
and fullness, and who are more careful about what
they eat. Distractions (e.g. eating in front of the TV,
in a noisy place, with stress] increase the quantity
ingested during the meal and upset the energy
compensation process from one meal to the next.
Nutritional composition and food consistency deter-
mine the satiation capacity of food. This means that
these characteristics can be used for limiting the
consumption of foods not affected by physiological
regulation (e.g. soft drinks).

Eating triggers a sensation of enjoyment by activat-
ing a physiological system in the brain called the
reward circuit. This eating enjoyment is accentuated
by palatable foods (nice taste) which are more often
than not fatty or sweet high energy-dense foods.
Enjoyment of sweet foods has been observed from
birth. In obese animals and humans, recent findings
have shown that addictive-type mechanisms can
develop for sweet foods.

Social norms and attitudes, which vary according to
age group, personal experience, and social and
cultural backgrounds, shape and set dietary behav-
iours for time schedules, family meals, and table
manners. These social conventions can affect phys-
iological regulation.

3.3 Generic nutritional information and prevention
campaigns have little short-term impact on
behaviour when used alone

Nationwide information campaigns reach first and
foremost the social groups already aware of the link
between diet and health. These messages could
thus increase behavioural disparities in the short
term. For the same reasons, nutritional labelling



has little impact, and is used mostly by educated or
nutrition-conscious people. The technical information
that is marked on labels is rarely used by consumers,
who are not always able to take advantage of it and
whose attitudes concerning food fall into simple
categories: good or bad, healthy or unhealthy.
Awareness of nutritional messages and their ap-
plication do not generally lead immediately to the
desired changes in behaviour. Over a longer time
scale, changes in the behaviour of the wealthy,
induced by preventive campaigns, may filter down
into other strata of society through adoption of the
culturally more appealing model.

3.4 Dietary behaviour can be affected by information
strategies combining different tools and targeting
individuals or specific groups

How information is communicated is crucial. Nutri-
tional information is more effective in the short-term
when it is part of a specific campaign targeting an
individual or a cohesive group. Therapeutic education
- the cognitive-behavioural approach used with
obese patients or people suffering from dietary
behaviour disorders - and social marketing - which
aims to make microchanges in the individual's
environment - have shown that the “small steps”
strategy can cause apparently minor modifications
to behaviour that accumulate and last longer. The
success of these initiatives depends on how support-
ive the family, local contacts and social groups are.
Precisely-targeted strategies are costly, hence the
advantage of combining them with more general and
cheaper prevention initiatives. Costs can also be
lowered by using the diverse and widespread means
of communication currently available, some of which
allow information to be accessed by the individual.

3.5 The consumer is subjected to different envi-
ronmental stimuli, which can bias opinion

Food availability and composition are more effective
levers on action than prices. According to economic
theory, the consumer reigns over a market which

must cope with his or her nutritional needs, hedo-
nistic preferences and health concerns. Nutritional
prevention policies are thus focused on the consumer
(even risking guilt about food choices). However,
recent findings that call on both economics and
marketing have shown that consumer opinions can
be distorted by errors of perception and environ-
mental stimuli. Thus, policies have greater impact
when they also affect food supply, and purchasing
and eating contexts: availability, food composition.
Altering the nutritional and energy quality of foods
(through regulations, or incentives such as nutri-
tional improvement charters and public/private
agreements) entails adjustments to certain food
components that are deemed detrimental or ben-
eficial to health (salt, type of fatty acids etc.) and
improves the satiation properties of food (added
fibre, lower energy density).

Playing on food availability can have an immediate
impact: the presence of fruit baskets instead of snack
machines has proved effective in school experiments.
In the United States, proximity of fast-food restaurants
(particularly near schools] is known to lead to
overeating.

Food packaging size and clearly marked nutritional
claims can lead to underestimation of quantity (visual
bias) and/or energy content of foods or dishes.
Economic simulations tend to show that taxes or
subsidies are not always effective levers in the short
term. For a significant drop in the consumption of
foods reputed to be bad for health (usually high-
energy products), the tax needs to be high (threshold
effect), which would penalize the consumers who
have no choice but to buy these inexpensive products.
These interventions on supply can also have unde-
sirable effects: lower nutritional quality of ingredi-
ents used, move towards budget products etc.

3.6 Childhood and old age are more favourable to
modifications in dietary behaviour

3.6.1 Childhood

Although dietary behaviour alters with age, sensory

105



106

preferences are set during early childhood and are
difficult to change thereafter. Sensory learning forms
taste and food spectrum, and these are shaped
before birth from the seventh month of pregnancy.
New research themes are currently investigating
the impact of perinatal nutrition which, according
to animal experiments, causes lasting metabolic
imprinting and which can sometimes be passed down.
Repeatedly offering a variety of foods without forcing
the child seems to be the best way of widening food
acceptance. School not only provides tasting oppor-
tunities, but could also improve awareness of
hunger, fullness and satiety.

Preventive action has proved effective for mothers
whose children risk being overweight, particularly by
changing the mothers’ attitudes regarding their
traditional responsibility for nourishment. Child
obesity-control programmes increasingly call for
parental learning.

Dietary habits change during adolescence, and
meals eaten outside the home offer opportunities
to experience a certain freedom (meal times, meal
composition). These practices do however appear to
be temporary, and a return to a family type of diet
is observed when couple relationships form, when
children are born, or when young people start working.
So, except for dietary disorders (anorexia, bulimia,
not dealt with here) and risky practices (binge
drinking), the diet of adolescents is not a public
health problem. If difficulties with dietary behaviour
are experienced during childhood, this phenomenon
can be accentuated upon adolescence with negative
consequences for well-being and health.

3.6.2 0ld age

During old age, dietary behaviour can become more
unstable. Retirement, death of a spouse, solitude,
deteriorating health and less autonomy often have
negative repercussions on dietary practices and
food intake. A considerable proportion of elderly
people suffer from malnutrition, which is recog-
nized as a public health risk factor.

A positive point is that elderly people are attentive to
preventive messages concerning health. Carers and
the immediate social circle of elderly people are
crucial for maintaining good dietary practices and/or
implementing nutritional preventive strategies.

It should be noted that dietary behaviour could be
linked to one’s generation. This hypothesis, suggested
by CREDOC findings using the Budgets survey,
needs to be scientifically supported. The most
striking fact is that the more recent generation
spend three times less money to buy fresh fruits
than the generation born between 1937 and 1946.

3.7 The underprivileged are less receptive to
preventive messages

Dietary inequalities have continued into recent years.
Food can absorb up to 50 percent of the budget of the
more underprivileged households in France, while
this figure stands at 15 percent for the population
overall.

Underprivileged people, poor and/or underedu-
cated, suffer more from obesity.

Their diet deviates from nutritional guidelines more
than that of wealthier populations. A greater number
of risk factors are associated with their dietary
practices: sedentary lifestyle, distraction linked to
TV viewing, low self-esteem. The preventive mes-
sages for nutrition and health are less well under-
stood and can even make them feel at fault, given
that these messages are on a completely different
wavelength to the attitudes they have about diet,
health or body norms. They also need to cope with
other worries which appear more important to them.
The desire to buy foods that are promoted by intense
advertising (high-energy-dense foods) undermines
their efforts to conform to guidelines.

4. Research needs

If detailed typologies of French consumer behaviours
are to be established, large pooled longitudinal
cohorts need to be recruited and which are repre-
sentative of the entire population. Tools need to be



validated for collecting and using reliable data. If these
methods were extended to other countries, the speci-
ficities of the French dietary model would stand out.
The causalities between diet and health can be
determined in two ways: firstly by using the systems
approach to integrate all the fragmentary knowledge
available about how nutrients affect physiological
systems; and secondly, by combining epidemiological
studies with systematic phenotyping and genotyping
of individuals in the cohorts (requiring a biological
sample bank]. This second approach would need to
include detailed analysis of gut flora, since its role
appears to be increasingly important.

Changes in food supply (product quality, price,
availability) can have major unintentional effects on
dietary behaviour, necessitating further research
(effects on market segmentation, market competition,
consumer preferences).

Consumer behaviour models need to account for
the relative weight of each determinant, particularly
the effects of social environment and spatial factors
on individual diet. One priority consists of combining
economic mechanism models, with models of the
biological systems involved in the connections
between diet and health.

Another priority will be to explain through brain
imaging techniques how the different signals leading
to purchasing choices function. Also, how signals of
fullness and satiety are related with food and meal
characteristics (such as the role of sugar on the
activation of reward pathways) and meal context
(particularly conversation and distraction).
Research into the evaluation of public policies
needs to be organized and extended. The ambivalent
outcomes of these policies [mostly positive but
potentially a source of growing inequalities, such as
for price policies) should be specifically addressed
using cost-benefit analyses, up to and including
estimation of the social costs of saved lives. The
reasons for the difference in impact between product
marketing tactics and information campaigns
remain to be explored.
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Abstract

Biologically diverse diets are more likely to be nu-
tritionally replete, and contain intrinsic protective
factors. An increasing number of initiatives promote
dietary diversity for improved child nutrition and
protection against chronic diseases. The agricul-
tural biodiversity central to diverse diets, including
many lesser-known and underutilized plant species,
has developed over millennia through biocultural
evolution of the plant genome and associated cul-
tural codes. However, the biocultural diversity of
food plants is under threat from changing eating
patterns, intensive agriculture, and climate change,
resulting in a loss of local food plant diversity from
diets and threatening food and nutrition security. We
recommend a holistic approach promoting the use
of traditional food plant diversity together with
conservation of genetic material and associated
traditional knowledge.

1. Introduction

Traditional diets, containing a high proportion of
lesser known and underutilized plant species, are
rich in biodiversity. They are an ideal basis for sus-
tainable diets and for chronic disease prevention.
Traditional diets are under threat in developing
countries due to anthropogenic factors. Addressing
such threats requires a holistic approach, where
complementary in situand ex situ techniques com-
bine to conserve local agricultural biodiversity and
the knowledge on how to use it. Here we explore two
projects that have attempted to do this, and make
recommendations on best steps forward.

2. Dietary diversity, agricultural biodiversity and
biocultural evolution

Agricultural biodiversity is broadly defined by the
Convention on Biological Diversity as those “com-
ponents of biological diversity of relevance to food
and agriculture” and includes crops and “wild
plants harvested and managed for food” (CBD,
2000). Agricultural biodiversity and dietary diversity

form the basis of human health and are intrinsically
linked through traditional food systems and food
habits. Consuming a high level of dietary diversity is
one of the most longstanding and universally accepted
recommendations for human health at national,
regional and international levels (WHO (Europe),
2003; UK Food Standards Agency, 2009). It has been
recommended that we should “eat at least 20, and
probably as many as 30 biologically distinct types of
food, with the emphasis on plant food [with a week
as a time frame]” (Wahlqgvist et al., 1989; Savige,
2002). Dietary diversity across as many food groups
as possible ensures dietary adequacy, increased
food security, a reduced intake of toxicants and pro-
tection against chronic diseases (Slattery et al.,
1997, Hatlgy et al., 1998; McCullough et al., 2002;
Wisemann et al., 2006).

Dietary diversity is underpinned by agricultural bio-
diversity. Although just 12 plant species contribute
80 percent of total dietary intake (Grivetti and Ogle,
2000), many more lesser-known, underutilized,
semi-domesticated and wild plants are harvested
and managed for food. The figure of more than 7 000
is commonly cited (Bharucha and Pretty, 2010), but
the total number of plant species that have been
grown or collected for food may be as high as 12 600.
Agricultural biodiversity is selected and managed
by farmers - even non-cultivated plant species are
managed to a greater or lesser degree by the people
who know their uses, harvest them, and allow their
continued survival - and the CBD recognizes “tradi-
tional and local knowledge” as an important dimen-
sion of agricultural biodiversity (CBD, 2000).

In a globalized world of intensive agriculture and
agribusiness, it is easy to forget that our food systems
are the result of thousands of years of synergistic
interaction between biological and cultural resources
or, as one author puts it, “biocultural evolution”
(Katz, 1987). The nutritional adaptation described by
Ulijaszek and Strickland (1993) shows how, during
the process of biocultural evolution, genetic codes
are stored in the DNA of plants and cultural codes in
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the cultural beliefs and practices of people using
them. This coded information interacts with the
environment through plant physiology and human
behaviour and leads, ultimately, to the end state of
plant phytochemistry (nutritional value and toxicol-
ogy) and human nutritional and health status

Plants DNA -+ Physiology ™ Phytochemistry
. Nutritional
People Culture -} Behavior p Status

Figure 1. Nutritional adaptation and biocultural evolution.

When these mechanisms interact with one another
in a positive manner, there is a distinct biocultural
advantage. Nowhere is this more apparent than in
the use of maize. In the Americas, maize flour is
usually limed prior to making tortillas. Magnesium
and calcium salts are added, releasing niacin which
enhances the quality of protein. Phytate is neutral-
ized, making iron and zinc bioavailable (Katz et al.,
1974). African cultures, who do not lime their maize
flour, are at a biocultural disadvantage. For example,
Kuito, an area in Angola where maize forms a large
proportion of the diet, is an area of endemic niacin
deficiency (Golden, 2002).

3. The loss of biocultural diversity and dietary
diversity

The close relationship between agricultural biodiversity,
cultural diversity and dietary diversity is no more
apparent than in farming communities in developing
countries. However, over the last century there has
been a loss of agricultural biodiversity and associated
traditional knowledge, particularly for food plants,
with a corresponding reduction in dietary diversity.
Many attribute these losses to intensive agriculture,
the nutrition transition and environmental pressures
such as climate change (Goodland, 1997; Johns and
Eyzaguirre, 2006; Purvis et al., 2009). Since the green

revolution, a focus on providing high energy and
high protein foods of plant origin to an expanding
global population has been the main driver of
intensive agriculture. While succeeding in this, it has
pushed lesser known agricultural biodiversity into
kitchen gardens, fallow fields and field margins,
communal land, grasslands, orchards, and roadsides,
at risk from agricultural expansion, road widening,
hedgerow removal, overgrazing, overharvesting,
herbicides and other non-traditional agronomic
practices. Climate change is likely to become an
increasingly significant threat, particularly for
narrowly adapted endemic species (Millennium
Ecosystem Assessment, 2005; Jarvis et al., 2010).
The nutrition transition is also playing its part, as
the desire for “"modern” westernized diets causes a
shift from diverse traditional diets, relatively low in
energy and high in plant diversity, to modern diets,
high in energy and low in plant diversity. The stigma
often associated with traditional diets not only
supports and encourages the intensification of agri-
culture, but also exacerbates the trend towards a
global obesity epidemic.

Although the main focus of global agricultural
research remains the provision of calories and plant
protein, pressures on our current global food system
mean that the intensive agricultural practices
developed over the last century may not be sustainable
in the future, leading many to advocate the use of
lesser known or underutilized plants from traditional
food systems as part of the solution (Johns and
Eyzaguirre, 2006; Bharucha and Pretty, 2010).
Conserving such plants, and the cultural diversity
that supports them, requires a holistic approach,
based on an understanding of plant and human
interactions.

4. The conservation of food plant diversity

The CBD cross-cutting initiative on biodiversity for
food and nutrition includes an operational objective
to conserve and promote the wider use of biodiversity
for food and nutrition. /n situ conservation and



sustainable use of food plant diversity, including the
dietary-diversity based interventions described in
this volume, is the preferred option and is advanta-
geous for several reasons: 1) it is readily available to
local people to use; 2] both the genetic and cultural
diversity is conserved; 3] biocultural evolution of the
food system can continue, adapting to local needs
over time and 4) users have a high level of control
over their food resources.

4.1 Case study of community conservation - TATRO
Women'’s Group in Western Kenya

TATRO Women’s Group is based in the Western
Province of Kenya, in the Yala Division of Kiswero
District. Since 1993, they have worked with local,
national and international agricultural research
organizations, directly impacting nearly 500 families.
In 2005, in collaboration with the National Museums
of Kenya, and the Royal Botanic Gardens, Kew, they
undertook a needs assessment for the conservation
of traditional food plants (Nyamwamu et al., 2005).
The study revealed that three food plant species, Osae,
Obuchieni and Onunga (Aframomum angustifolium
(Sonn.) K.Schum., Tristemma mauritianum J.F.Gmel.
and Rubus apetalus Poir.) had been lost from the
area in recent years. A further 50 food plants, and
the knowledge on how to use them, were only
known by community elders. Harvesting of tradi-
tional food plants had decreased on cultivated and
uncultivated land, and food preferences and cash
cropping were driving an increase in the cultivation
of exotic cereals and pulses. In addition, wild fruits
such as Ojuelo (Vitex doniana Sweet) were once
plentiful but were becoming harder to find as more
land came under cultivation. These findings were
unexpected, particularly to TATRO members. In re-
sponse, they compiled a list of community experts,
and organized activities for the sharing of seeds and
traditional knowledge of “at risk” food plants. Cur-
rent activities, focused on a community resource
centre in Yala Village, include the promotion of
growing traditional food plants in kitchen gardens,

on communal land and integrating their use in
school feeding projects, together with outreach
work in Western Nyanza.

Despite such efforts, conservation-through-use
may not be enough to adequately protect wild food
plants for the sustainable diets of the future. With
slow-onset climate change exacerbating other
threats, “in situ diversity needs to be collected
before it disappears” (FAO, 2011a).

Ex situ seed banking can complement such com-
munity-based activities, and has several advantages:
1) a wide range of genetic diversity is conserved; 2)
well maintained seed banks can conserve seeds for
decades or hundreds of years; 3) seed banks can
support reintroduction of food plants to areas where
they have been lost; 4) seed bank collections, sup-
ported by herbarium specimens, provide a verified
source of material for screening for genetic diver-
sity in nutritional properties and other desirable
traits; 5) germination protocols developed by seed
banks are a useful starting point for projects wish-
ing to promote the use of lesser known and under-
utilized food plants.

The use of seed banking, as a means of conserving,
and making available the genetic diversity of food
plants is well established. International centres
around the world have global mandates for the con-
servation of the major food crop species. Although
FAO (2010) reports “a growing interest in collecting
and conserving minor, neglected and underutilized
crops” few wild food plants are conserved in seed
banks. Of the global germplasm holdings for which
the type of accession - advanced cultivar, breeding
line, landrace, wild species - is known, only 10 percent
are wild species, most of them industrial and
ornamental or forage species (FAQ, 2010).

4.2 Case study of Seed Banking - The Millennium
Seed Bank Partnership (MSBP)

The MSBP is the world’s largest initiative to collect,
conserve and promote the use of wild plant species,
involving major collaborations with 18 countries
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around the world, and less formal collaborations
with 123 institutions in 54 countries. The Millennium
Seed Bank (MSB) currently holds accessions of more
than 28 000 species, including more than 10 379 ac-
cessions of 3 318 species with known food use.

The MSBP is working to overcome constraints to the
conservation and use of plants important to local
livelihoods. Germination tests have been carried out
on 3 028 taxa with food uses; 2 102 of these have -
75 percent germination, the current minimum MSB
standard for storage. Germination protocols are
made available via the Seed Information Database
(Royal Botanic Gardens Kew, 2008). Kew's “Difficult”
Seeds project worked with African gene banks to
identify 220 species, most of them food plants, with
inherent seed storage problems, seed dormancy is-
sues, or poor viability due to inadequate handling and
storage. Training workshops included a two-day
mini-workshop for local farmers and community
representatives, with the aim of supporting and fa-
cilitating gene banks to engage with farmers. Es-
sential seed biology information for 160 “difficult”
species, together with training materials, is available
via Kew’'s web pages (Royal Botanic Gardens Kew,
2010).

MSBP partners are also working with local commu-
nities to document, collect, conserve and propagate
the genetic diversity of useful wild plants. The MGU-
Useful Plants Project works with communities in
Mexico, Mali, Kenya, Botswana and South Africa to
identify the species that communities find most
useful. Residents of Tsetseng, in the central Kalahari
region of Botswana, are undertaking trial cultivation
of Citrullus lanatus (Thunb.] Matsum. and Nakai
and Schinziophyton rautanenii (Schinz) Radcl.-Sm
in community gardens. In Mexico, MSBP partners
UNAM have identified 339 species used for food in
the Tehuacan-Cuicatlan Valley (Lira et al., 2009) and
are working on the propagation of species such as
Stenocereus stellatus (Pfeiff.) Riccob. In Tharaka,
Kenya, 76 food plants prioritized by local communi-
ties have been collected and conserved at the Gene

Bank of Kenya and duplicated at the MSB. Associated
ethnobotanical data was collected via a multistage
process, including a pilot survey, questionnaire,
guided group discussions, interviews, transects
walks, observations and photography (Martin, 1995).
This information has been shared with participating
communities via brochures and posters, on-farm
workshops and open days, community tree planting
days, the sponsorship of farmers to share information
during key cultural and medicinal day events in
Kenya's Eastern Province, and the publication of a
farmer’s guide to seed collection, propagation and
cultivation (Muthoka et al., 2010).

5. Discussion

Seed collections of traditional food plants are of limited
value without the associated knowledge of how to
grow the plants and/or prepare the food product(s).
Likewise, traditional knowledge is of little use if a
community no longer has any seeds or plants of a
particular species. Ex situ gene banks should seek
ways to work with ethnobotanists and other social
scientists to complement community based efforts
to conserve traditional food plants. Hawtin (2011)
suggests that the more poorly resourced national
gene banks should focus their efforts on meeting
local needs, rather than attempting to undertake
the whole range of sometimes costly gene bank
activities. Meeting local needs would mean the
maintenance and distribution of materials of imme-
diate interest, including locally important species.
Crucially, materials would be distributed to farmers,
as well as local breeders. Currently, local community
groups may find it difficult to get access to national
(and regional/state] seed collections (Swiderska,
IIED, personal comment).

Hawtin (2011) also suggests that “conserving in-
digenous knowledge” should be a focus for national
gene banks. This will be a challenge. Many gene
banks document only broad categories of plant use
- food, medicine, fuel - partly through lack of time
and resources but also perhaps through fear of



“biopiracy” accusations. Guarino and Friis-Hansen
(1995) present a model for a participatory approach
to documenting associated knowledge and Engels
etal. (2011) discuss the ethical questions that must
be addressed. Argumedo et al. (2011) argue that
Indigenous Biocultural Heritage Territories (IBCHT),
such as the “Potato Park” in Cuzco, Peru, offer a
practical way of protecting plant genetic resources
and associated knowledge systems. Based on the
principle of Community Biodiversity Registers,
traditional knowledge is documented in multimedia
databases, helping to protect against any possible
future patent applications from commercial organ-
izations. More than 400 potato varieties have been
repatriated from the International Potato Centre
(CIP) to the Potato Park. Under the agreement, CIP
has a responsibility to “provide technical assistance
to the Park for the maintenance, monitoring and
multiplication of seed and management of the repa-
triated genetic materials”. The Potato Park could
provide a model for gene banks and local commu-
nities to work together on the conservation of tradi-
tional food plant diversity. Community seed banks
are often successful in conserving locally important
species and varieties, but support is needed from
extension services and national gene banks in order
to scale up and have greater impact (Development
Fund, 2011). The draft updated Global Plan of Action
for the Conservation and Sustainable Utilization of
Plant Genetic Resources for Food and Agriculture
(FAO, 2011b) includes several objectives and research
actions that could foster joint efforts to conserve
and sustainably use nutritionally important wild and
underutilized plant species.

6. Conclusions

* Lesser known and underutilized food plants will
be needed to contribute to the sustainable diets of
the future.

e The biocultural diversity of these food plants
(plant genetic material and cultural knowledge
associated with it) is required if the biocultural

advantage and optimal nutritional value are to be
gained from them.
e Aholistic approach to conservation, which
combines in situand ex situ methods, is required.
e Combining these methods is difficult and requires
the collaborative efforts of farmers, field workers,
and scientists from the social and natural sciences.
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Abstract

Indigenous Peoples living in their rural homelands
and intact ecosystems retain a vast knowledge of
biodiversity in food resources. Living in historical
continuity over thousands of years implicitly rec-
ognizes the sustainability of their local food sys-
tem. However, recent stresses to cultures and
ecosystems, globalization of industrially produced
foods, and simplification of diets have created
commonalities for Indigenous Peoples for severe
financial poverty, discrimination, disadvantage and
challenges to nutrition and health. This report
summarizes a ten-year programme of research
and health promotion with 12 cultures of Indige-
nous Peoples in different parts of the world. Fol-
lowing methods development for documentation
of local food systems of rural Indigenous Peoples,
research highlighted a vast diversity in food
species and their patterns of use. Dietary meas-
ures were used to evaluate improved use of local
food resources that were emphasized in pro-
grammes and policy developments to sustainably
improve diets and food and nutrition security in
these areas. Effective cross-cutting strategies
were participatory decision-making for research
and intervention activities, focus on locally avail-
able cultural food species, capacity development
and networking, educational activities with youth,
and use of media to strengthen local perceptions of
local food qualities. The interventions are on-
going, and several have been successful in scaling
up their activities to other communities in the re-
gions. Addressing threats to cultural and ecosys-
tem sustainability and improving access to local
traditional food will improve use of biodiverse food
resources by Indigenous Peoples, enhance dietary
quality, and improve sustainable food and nutrition
security.

1. Introduction
Indigenous Peoples are recognized by the United
Nations as having historical continuity with ances-

tral territory and society, and as stewards of vast
areas of biodiversity in their rural homelands.
There are more than 370 million Indigenous Peoples
in 90 countries, who speak more than 4 000 lan-
guages (Bartlett et al., 2007; UNPFII, 2009]). Sus-
tainability of a local indigenous diet is presumed if a
culture has occupied a territory for a very long time
in harmony with nature, respecting and learning
from the natural world and the bounty it provides to
sustain community life and cultural ways of know-
ing and doing. If a culture survived through history
to the present day, the diet was necessarily nutri-
tionally complete; although recognition is given to
the constant change and evolution experienced in
natural ecosystems.

Our programme has been especially significant in
its recognition that Indigenous Peoples in both de-
veloped and developing countries are often the most
at risk populations within nations for issues related
to both undernutrition and overnutrition, because
they often experience the most severe financial
poverty and disparities in health (Gracey and King,
2009; Reading, 2009). The transition to oversimpli-
fication of diets away from food resource diversity
generated by healthy ecosystems is a global phe-
nomenon that especially affects Indigenous Peoples
dependent on ecosystems that are under stress
(UNPFII, 2009).

In this context our research has focused on under-
standing the foods and diets of Indigenous Peoples
in rural territories, and the treasures of knowledge
these hold. Specifically, we focused on 12 long-
evolved cultures in defined ecosystems in different
parts of the world. Our objective has been to inquire
into the food biodiversity, to understand the unique
species and subspecies/varieties/cultivars known
with traditional knowledge and how these continue
to be cultivated, hunted, fished or gathered and then
prepared and appreciated with cultural knowledge
and techniques. The overall goal is to guide the use
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of this knowledge by communities for nutrition and
health promotion activities that improve wellness.

2. Methods

Using participatory research methods created
through the Centre for Indigenous Peoples’ Nutri-
tion and Environment at McGill University (CINE],
Canada (Sims and Kuhnlein, 2003), staff from CINE
in cooperation with the Nutrition Division of the Food
and Agriculture Organization of the United Nations
(FAO) developed a methodology with partners in
Asian settings. This provided a framework to food
systems documentation, structure to processes for
scientific nomenclature, laboratory studies on nutri-
ent composition, and qualitative methods to under-
stand local food meanings and use (Kuhnlein et al.,
2006). Subsequently, in cooperation with the Task
Force on Indigenous Peoples’ Food Systems and Nu-
trition of the International Union of Nutritional Sci-
ences (IUNS] the methodology was applied and
adapted within 12 unique cultural case studies of In-
digenous Peoples residing in different rural ecosys-
tems in various global regions: Awajun (Peru], Ainu
(Japan), Baffin Inuit (Canada), Bhil (India), Dalit
(India, Gwich'in (Canada), Igbo (Nigeria), Ingano
(Colombial, Karen (Thailand), Maasai (Kenya), Nux-
alk (Canada), and Pohnpei (Federated States of Mi-
cronesia). In each area, communities of Indigenous
People collaborated with in-country academic part-
ners and CINE for research in two phases: 1) docu-
mentation of the food system including use of both
local traditional food and imported market-sold
food, food species and food component data; and 2)
use of this knowledge to implement health promo-
tion interventions using culturally sensitive and en-
vironmentally relevant elements of the local food
systems. Team members communicated electroni-
cally and team leaders met annually over a ten year
period (2001-2010) to discuss methods, results and
strategies for implementing health promotion poli-
cies and activities (Figure 1) (Kuhnlein et al., 2006).
Funding from a variety of sources was obtained to
develop and implement interventions to improve

Figure 1. Case study partners meeting in Bellagio, Italy, in 2008
to discuss research process, results and health promotion
strategies (kp studios).

dietary intake and health by using elements of the
diverse food systems of Indigenous Peoples in sev-
eral of the case studies. Interventions were created
with participatory methods with local teams from
case studies working with the Nuxalk, Dalit,
Gwich'in, Inuit, Ingano, Awajun, Karen and Pohnpei.
The Ainu developed an education intervention that
stressed cultural revival and traditional knowledge
taught to youth.

3. Results

Each case study completed a report of their findings
and prepared a chapter for a book published and
distributed widely by FAO (Kuhnlein et al., 2009). In
addition, several colourful food-system posters in
recognition of the International Decades of the
World’s Indigenous Peoples were widely distributed
by FAO (FAO and CINE, 2004-06). Eight 20-minute
documentary films were created and are posted free
on the internet (KP Studios, 2009).

3.1 Diversity of species documented and variation
in extent of use

As anticipated, there is an astonishing diversity of
species known and used, with up to 380 species
used annually within one culture. There is also wide
variation in the extent of use of these foods, varying
from less than 10 percent to up to 95 percent of daily
energy provided by local species in the ecosystem



(Table 1).

Indigenous Group Energy % No. of
species/
varieties

Awajun (Peru] 93 223

Bhil (India) 59 95

Dalit (India) 43 329

Gwich’in (Canada) 33 50

Igbo (Nigeria) 96 220

Ingano (Colombia) 47 160

Inuit (Canada) 41 79

Karen (Thailand) 85* 387

Maasai (Kenya) 6 35

Nuxalk (Canadal) 30* 67

Pohnpei (Micronesia) 27 381

* Estimated for adults.

Table 1. Adult dietary energy as local traditional food and num-
ber of species/varieties in the food system.

(Reproduced with permission from: Kuhnlein HV, in: Kuhnlein,
Erasmus, Spigelski, 2009, pg 5]

Ways of cultivating, harvesting, processing and preparing
the foods for families were shown to be fascinating.
However, many species/varieties documented did
not have scientific identifications and nutrition com-
position analyses completed (Kuhnlein et al., 2009).

As shown in Table 1 the locally used food species
numbers varied considerably depending on the
ecosystem. Team members reported a low of 35
food species used in the arid, drought-prone zones
of Kenya where Maasai reside, and up to more than
380 unique food species/varieties documented for
tropical rain forests. The Karen in Thailand (387
species) and Pohnpei culture of the Federated
States of Micronesia (381 species/varieties), Dalit in
Zaheerabad region of India (329 species), Awajun in
Peru (223 species) and Igbo of Nigeria (220 species)
all had extensive, complex food systems and rich
cultural traditions using them. However, the extent
of use of species for providing daily energy con-
sumption also varied (Table 1), with up to 100 per-
cent of adult energy from local food resources for

the Awajun and Igbo. Research with the Karen, Bhil,
Maasai, Pohnpei and Dalit showed that commercial
(or donated) refined staples replaced traditional
foods in the diet; the Canadian Gwich’in, Inuit and
Nuxalk peoples were using less than 45 percent of
energy as traditional species with the commercial
foods derived primarily from refined wheat flour, fats
and sugar. The Ainu in Japan used very little tradi-
tional food in their daily diet, and could not recog-
nize all the available species or record the extent of
energy consumed from them (Kuhnlein et al., 2009).

3.2 Indigenous Peoples’ food and nutrition inter-
ventions for health promotion and policy

Eight interventions were developed with diverse
resources from within the communities as well as
from external sources. Funding and logistic
constraints necessitated work with unique small
populations where meaningful control groups were not
available. This led to before- and after-intervention
research designs using both qualitative and quanti-
tative measures. Special considerations were needed
to build local cultural pride, develop cross-sectoral
planning and action, and create energetic and en-
thusiastic advocates for community goodwill. All in-
terventions required several years to completion with
evaluation documentation, even while the interven-
tions were sustained and continued to build healthy
diets in communities (Kuhnlein et al., in press).

3.3 Cross-cutting themes of interventions

Leadership within the nine interventions agreed that
activities targeting children and youth were crucial to
build long-term change into community wellness.
Not only were activities built to improve nutrition and
health of young people, but to create the cultural
morale and knowledge based in culture and nature
for their learning in formal and informal settings.
Traditional wildlife animal and plant harvest and
agricultural activities based in local traditional crops
were important in youth learning in case studies con-
ducted with the Baffin Inuit, Gwich'in, Nuxalk, Inga,
Pohnpei, Karen and Dalit. Ainu youth experienced
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classroom activities in traditional food preparation.

Broad-based education activities took place in inter-
vention communities that stressed the local cultural
food diversity and its benefits for understanding the
ecosystem as well as for health in harvest, use and
human nutrition. First steps were to use knowledge
generated in Phase 1 to develop positive attitudes
about local traditional food so that case study lead-
ers could then foster behaviours at all levels to in-
crease use of these foods. In the Pohnpei case
study, for example, agricultural leaders provided
training in agricultural practices and provided
seedlings and young trees for planting in yards ad-
jacent to community homes. In the Karen case
study, school children were taught how to harvest
from the forest, and also how to plant, cultivate and
harvest their local traditional agricultural crops in
village areas, which was followed by popular activ-
ities of harvesting and preparation of meals for their
families. In the Gwich’'in area, youth in middle
school and high school prepared dried caribou meat
and shared it with the elders in their community;
and in the Inuit project elders made radio pro-
grammes that were shared for learning with youth
in their school classes. These are just some of the
examples showing how communities created their
own meaningful activities.

Engagement with government offices was also an
important cross-cutting theme. While some case
study partners did not have regular communication
with government offices, others did. When the com-
munication was fruitful, it contributed a lot to the in-
tervention. For example the Pohnpei case study
worked well with ministries responsible for agricul-
ture, health, education, and the public media to fur-
ther their goals. People knew each other and
connected easily. This was possible, in part, because
of the pro-active leadership of the project, but also
because both the state and national governments
were in the same town on the same island in the
Federated States of Micronesia. Another example is

the good relationships the Karen project had with
the Ministry of Health in Kanchanaburi Province, as
well as the local border control officers who helped
with activities in the schools. There was also good
attention given by the Thai royal family to the proj-
ect, which raised project profile with government
agencies throughout Thailand. On the other hand,
government offices are not always helpful to In-
digenous Peoples if there is conflict over land or
other resources and if there is systematic disad-
vantage based on discrimination; such discrimina-
tion is often manifest in lack of access to healthcare
in rural areas where Indigenous Peoples live.

Throughout all intervention projects committed
community leaders and academics became effective
advocates dedicated to the success of the project
and responsible for developing the capacity-building
activities and empowerment of residents to use the
local food systems based in culture to their best ad-
vantage. Capacity-building was the hallmark of the
Dalit project in the Zaheerabad district of Hyderabad,
India, where Dalit women were given opportunities
for education, especially in media productions, and
in finding education opportunities for their children.
This resulted not only in increased literacy, but in
building self-worth and commitment to using and
showcasing their unique foods in many different
ways, such as in culinary food fairs, computer cafes,
and film festivals. All projects engaged project as-
sistants to help with food activities and the research
foundations of the interventions. A popular activity
in most case studies was creation of photo-en-
hanced information books on the food system to
share in schools, public places and to be distributed
to village homes. Local assistants, primarily women,
were leaders in networking, and in helping others to
“learn by doing”, and to gain participatory agree-
ments on how to best move the projects forward.
The best successes occurred in bringing together
the community’s social capital in the form of
hunters, farmers, fishers, elders, political leaders,
teachers and spiritual leaders to advance from the



“bottom up” the local cultural principles of what is
good food and how to harvest and best use it.

None of the interventions had focus in single nutrient
solutions to single nutrient inadequacies. Rather, the
strategies employed worked to improve food provi-
sioning from local sources, and to improve dietary bio-
diversity for all age groups. All projects were in rural
areas without access to large markets that stressed
industrial food products. When market (store bought)
food was discussed, it was in the context of how to in-
crease the demand and supply of nutrient-rich, good
quality foods with minimal processing.

4. Discussion

With positive attitudes and confidence that the local
food is credibly healthy, local networks in these com-
munities of Indigenous Peoples have developed a
wide range of activities to create community em-
powerment for sustained use and food and nutrition
security. However, sustainability of these foods for
Indigenous Peoples depends on cultural and ecosys-
tem sustainability. It depends on continued cultural
expression; for example, to use food harvesting and
appreciation as an avenue in youth education and fit-
ness training, as well as guiding understanding of
their natural surroundings. It also depends on
ecosystem conservation to protect the food provisioning
lands, waters, forests and other essential resources.

Measures of intervention programme success with
small populations of culturally defined Indigenous
Peoples preclude measurements that depend on
large sample sizes and control groups. With the
exception of improved underweight, changes in
anthropometric measures, whether to improve
stunting or reduce obesity, were not found within
short time periods, as expected. More importantly,
the root causes of being “big” or “small/short” were
identified and addressed with expectation for long-
term improvements in general community well-
ness. Measures of improved financial security were
found within our case studies to be less important

than perceptions of improved community wellness.
In fact, in the Thai Karen case study, leaders ex-
pressed that “food is a part of happiness”, and that
it is meaningless to try to measure it with money.

Many policies that fostered improved food and nu-
trition security were developed, and are discussed
more fully in Kuhnlein et al. (in press). It is crucial
to maintain databases of health statistics that are
disaggregated by culture and ethnic groups within
nations to identify areas of health risks and to
track change. Only by knowing the risks can they
be addressed with multisectoral government
agencies which logically include those responsible
for health, human rights, education, agriculture,
culture, commerce, environment and its conserva-
tion, energy and transportation — ministries that
need to form cooperative partnerships to protect
ecosystems and cultures against degradation and
loss of biodiversity in both rural and other popula-
tion areas where Indigenous Peoples live. Re-
specting and protecting indigenous knowledge and
the peoples who hold this knowledge can lead to
better understanding of research policies to use
the genetic potential for crops to become resistant
to pests, heat and drought.

It is well recognized that Indigenous Peoples expe-
rience challenges in expressing their human right
to adequate food (Knuth, 2009). One serious chal-
lenge is that of climate change, which is expected to
continue and threaten many ecosystems where In-
digenous Peoples live. This then impacts the human
rights of Indigenous Peoples who lack the physical,
technological, economic and social resources to
cope with resulting ecosystem damage which causes
risk to biodiversity and sustainability of the diets that
can be provisioned from it (Damman, 2010).

5. Conclusions

In all areas where our programme has been in effect,
there are several threats to cultural sustainability and
to ecosystem sustainability, which in turn threaten the
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biodiversity of sustainable diets of the resident In-
digenous Peoples. Each case study and its intervention
have impressive stories of challenges and successes
that can inspire communities of Indigenous Peoples
everywhere to become proactive in protecting their
food systems. By documenting these unique food re-
sources and their cultural and ecosystem require-
ments, we recognize the imperatives to protect these
treasures of human knowledge to benefit Indigenous
Peoples and all humankind now and into the future.

Understanding the challenges and successes of im-
proving access to local food and improving dietary in-
takes and food and nutrition security of rural
Indigenous Peoples provides important lessons. While
it can be supposed that strategies with any group of
disadvantaged people will bring success within a set-
ting of Indigenous Peoples, this is not necessarily so
unless the issues of rural inaccessibility, serious dis-
crimination, and respect and protection of cultures
and ecosystems that provide wellness are addressed.
On the other hand, it is very likely that health promo-
tion lessons based in local food systems that resonate
with Indigenous Peoples will find a measure of mean-
ing for practitioners who address public health in any
community of disadvantaged people.
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Abstract

The term “vitamin A (VA) fiasco” refers to the global
programme for universal VA supplementation,
which has been challenged for its validity and wisdom.
The Federated States of Micronesia (FSM] situation
presents an example where VA supplementation
has vied with food-based approaches for resources.
The FSM has experienced many lifestyle changes
since the 1970s, including a shift to imported processed
foods and neglect of traditional foods. This led to
serious health problems, including VA deficiency,
diabetes, heart disease and cancer. In 1998 efforts
were initiated to identify FSM foods that might
alleviate VA deficiency. This led to discovering a
yellow/orange-fleshed banana variety, Karat,
containing 2 230 pg/100 g of the provitamin A
carotenoid beta-carotene, 50 times more than in
white-fleshed bananas. Other Micronesian yellow-
and orange-fleshed carotenoid-rich varieties of ba-
nana, giant swamp taro, breadfruit and pandanus
were later identified, also containing rich contents
of vitamins and minerals. In a global health study
led by the Centre for Indigenous Peoples’ Nutrition
and Environment, the Pohnpei, FSM traditional food
system was documented. A two-year community-
based, interagency, intervention was implemented,
focused on increasing local food production and
consumption. Multiple methods were used, includ-
ing awareness, workshops, horticulture, cooking
classes, mass media, posters, print materials,
postal stamps, youth clubs, school activities, farm-
ers’ fairs, competitions, email and slogans: “Go Yel-
low” and “Let’'s Go Local”. Results showed an
increase in banana and taro consumption, varieties
consumed, and improved attitudes towards local
food. Carotenoid-rich banana varieties including
Karat, which had not previously been marketed, be-
came regular market items. Local food take-outs
not previously sold became common sale items.
The campaign stimulated great interest as an
awareness success in FSM and throughout the re-
gion, stimulating interest to applying this approach
to other Pacific islands. The campaign could, how-

ever, have a greater impact with greater allocation
of resources to this food-based approach.

1. Introduction
1.1 Vitamin A fiasco
The term “the vitamin A fiasco” as discussed by
Latham (2010) refers to the large global programme
for universal VA supplementation, which has been
challenged for its validity and wisdom. The rational
of this programme was to decrease overall child
mortality, but the article shows the weak scientific
basis for this. No study has shown the proof of suc-
cess of the vitamin A supplementation programmes.
The programme has utilized huge amounts of funds
in 100 countries. As funds were allocated to the vita-
min A programme, this blocked food-based ap-
proaches for improving vitamin A status. This has
also taken place in Micronesia, where there are lim-
ited resources plus the mentality that once the vita-
min A supplements have been given, the problem has
been dealt with.
This paper presents a success story of food. The
areas covered are:
e How we first carried out food composition studies
on Micronesian foods and identified yellow-
and orange-fleshed varieties of local foods rich in
provitamin A carotenoids and other nutrients that
could be promoted to alleviate the serious
problems of vitamin A deficiency and other health
problems in Micronesia.
e How we developed our food-based “Go Local”
programme with the aim to improve nutrition and
health, and showing success in a target community.

1.2 Background to the situation in the Federated
States of Micronesia

The Federated States of Micronesia (FSM], total
population of 102 624, comprises four states: Pohn-
pei, Chuuk, Yap and Kosrae, altogether with 607 is-
lands (FSM, 2010).

Since the 1970s, there have been great lifestyle and
dietary changes in Micronesia. The traditional local
foods include the starchy staples, including bread-
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fruit, banana, taro, yam and pandanus, along with
coconut, fish and seafood, and various fruits. There
has been a great diversity of these staple foods. For
example, there are 133 breadfruit, 171 yam, banana,
and 24 giant swamp taro varieties (Raynor, 1991).
However in recent years there has been a shift to
nutrient-poor imported processed foods, such as
refined white rice, flour, sugar, fatty meats and
other processed foods (Englberger et al., 2003d).
Imported white rice, which is often not enriched, has
become a major staple in the diet. This has changed
the nutrient intake of the population as rice also
contains no provitamin A carotenoids and is low in
fibre, whereas local staples contain at least some
carotenoids and are rich in fibre. Previously there
was also little known about the differences in nutri-
ent content between the many varieties of the sta-
ple crops as few food composition studies had been
carried out on FSM foods.

The shift from traditional foods to imported
processed foods and lifestyle changes in FSM led to
a serious problem of vitamin A deficiency, which
causes vision problems, increased infection and
mortality. The first documentation of vitamin A de-
ficiency in FSM was in Chuuk (Lloyd-Puryear et al.,
1989). Of 60 randomly selected children, 12 percent
had night blindness and 5 percent had Bitot's spots,
far exceeding the World Health Organization cut-offs
for a public health problem (WHO, 1995). That study
maintained that vitamin A deficiency was an emerg-
ing problem as there was no term for night blind-
ness in the local language and old people did not
know of the problem.

Following the identification of the problem in Chuuk,
studies were done in the other three states, show-
ing that over half of FSM under-5-year olds had vi-
tamin A deficiency (Yamamura, 2004).

To alleviate the vitamin A deficiency problem, green
leafy vegetables were first promoted as these veg-
etables are easy to grow and are rich in beta-
carotene, the most important of the provitamin A
carotenoids. Once consumed, beta-carotene is con-
verted to vitamin Ain the body. However, interviews

with local members of the community revealed that
green leafy vegetables had not been consumed pre-
viously as traditional foods, were not well accepted
and were considered as food for the pigs.

It was clear that if people had not consumed green
leafy vegetables in the past and did not have vitamin
A deficiency, there must have been some traditional
foods that had protected people against that health
problem. This question led to the study to identify
those foods that protected Micronesians from vita-
min A deficiency in the past and could also alleviate
the problem currently.

2. Methods

Overall an ethnographic participatory community-
based and interagency approach was taken in as-
sessing the foods, documenting the traditional
food system and gaining insight on how to improve
the situation. As vitamin A deficiency was diag-
nosed in the 1990s, efforts were first made in iden-
tifying local foods that are rich in provitamin A
carotenoids or vitamin A and would alleviate vitamin
A deficiency.

The results of the analyses were then used to pro-
mote the local foods and an overall approach was
developed to awaken interest in local foods and the
traditional food system. This was helped greatly by
the involvement with a global health study led by
the Centre for Indigenous Peoples” Nutrition and
Environment. Pohnpei was selected as one of the
12 case studies in the CINE programme for docu-
menting and promoting traditional food systems.
Specific guidelines were followed (Kuhnlein et al.,
2005).

3. Results and discussion

3.1 Analyses of local foods

Karat, a yellow-fleshed variety of banana, was
analysed and found rich in beta-carotene, the most
important of the provitamin A carotenoids. Foods
rich in provitamin A carotenoids protect against vi-
tamin A deficiency (McLaren and Frigg, 2001). Karat
contained up to 2 230 pg beta-carotene/100 g (En-



glberger et al., 2006). An orange-fleshed banana,
Utin lap, contained 8 508 pg beta-carotene. This com-
pares to 30 pg beta-carotene for common banana. It
was shown that the carotenoid content was greaterin
those varieties with the greater yellow or orange flesh
colouration. This led to the “Yellow Varieties” cam-
paign and the slogan “Go Yellow”. Both slogans
helped to brand the movement and provide furtherin-
terest.

A series of studies were conducted to analyse other
banana, giant swamp taro, breadfruit and pandanus
varieties, with potential for rich carotenoid content
due to the yellow or orange flesh colouration. The
results showed that the varieties with greater yellow
or orange flesh colouration did have a greater
carotenoid concentration [(Englberger et al,
2003a,b,c, 2008, 200%9a, 2010d). These foods were
also shown to be rich in vitamins, minerals includ-
ing zinc, calcium, iron, and fibre.

Epidemiological studies also show that carotenoid-
rich foods protect against cancer, heart disease and
diabetes (WCRF/AICR, 2007; Kritchevsky, 1999;
Coyne et al., 2005). These non-communicable dis-
eases have become the major health problems in the
FSM. For example, in Pohnpei, 32 percent of adults
now are afflicted with diabetes (WHO, 2008). Thus,
the yellow-fleshed, carotenoid-rich foods and vari-
eties can play a double role. They can help to protect
against vitamin A deficiency disorders and also help
against these non-communicable diseases.

3.2 Formation of a non-governmental organization
The Island Food Community of Pohnpei (IFCP) was
chartered as a non-governmental organization in
2004, and adopted the Go Local slogan in 2005. With
the formation of an organization devoted entirely to
the promotion and research of local foods, impor-
tant progress was made in going forward with local
food promotion.

3.3 GO LOCAL slogan
One of the important parts of the intervention to in-
crease production and consumption of local foods

was the reviving of the slogan “Go Local”, introduced
first by a government officer Bermin Weilbacher in
the 1980s (Englberger et al., 2010c). As many people
were already familiar with the term and it captured
the many broad aspects of what local foods involve, it
caught on quite quickly. It provided “project brand-
ing” and gave a unifying aspect to the campaign.
The term refers to a food-based approach to im-
proving health, and increasing food production and
consumption. The term was changed slightly to
“Let’s go local” in order to soften the term and
make it a group activity. Billboards, t-shirts, songs
and promotional pens were made to present the
slogan and it became well known and popular.

The term also refers to many other important ben-
efits. This led to the development of an acronym
“CHEEF" to describe the chief or many benefits of
local food. These are Culture, Health, Environment,
Economics and Food security. Thus, the campaign
not only encouraged to “go local” but also empha-
sized the many reasons on why to go local.

3.4 Involvement with the CINE-led global health
project

As part of the global health study led by the Centre
for Indigenous Peoples” Nutrition and Environment,
the traditional food system in Pohnpei, FSM, was
documented (Englberger et al., 2009b) and pro-
moted (Englberger et al., 2010a). A target commu-
nity was selected, Mand Community, along with
these criteria: around 500 in population, rural, ac-
cessible and willingness to participate. The first
phase focused on the documentation (around three
months) of the traditional food system, which is
documented in Chapter 6 of the published book by
CINE and Food and Agriculture Organization of the
United Nations (Kuhnlein et al., 2009; Englberger et
al., 2009b).

The second phase focused on the implementation
of a two-year community-based, interagency, par-
ticipatory intervention, aiming at increasing local
food production and consumption.

Multiple methods were used, including awareness,
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workshops, horticulture, cooking classes, mass

media, posters, print materials, on postal stamps,

youth clubs, school activities, farmers’ fairs, com-

petitions, email (Englberger et al., 2010b), slogans:

“Go Yellow” and “Let’s Go Local”, and the use of

local food policies.

The second phase also included the evaluation

(Kaufer et al., 2010).

The project showed these successes of promotion

of local food:

* Increase in the frequency of consumption of
banana and giant swamp taro.

e Increase in the number of banana varieties planted.

e |ncrease in dietary diversity, in particular,
vegetables.

e A positive change in attitude towards local foods
in the community.

3.5 Other documentations of island foods

Two chapters, one on banana and one on taro, were
written for the book titled “Ethnobotany of Pohnpei:
Plants, People and Island Culture” (Balick et al.,
2009), highlighting the rich content of the many va-
rieties of banana and taro. The book also high-
lighted our involvement in the CINE-led case study
and the “go local” campaign.

3.6 Local food policies

Local food policies were defined broadly and in-
cluded community policies to use only local foods at
meetings and workshops held by the Island Food
Community of Pohnpei and by the community in
Mand. Later this further developed into a policy that
Mand Community adopted to ban soft drinks in their
community meetings. Other Pohnpei communities
also adopted bans on soft drinks in their events, in-
cluding the Pingelapese Peoples’ Organization, Inc.
and the Kosrae Kolonia Congregational Church. A
national policy was established with the FSM Pres-
ident signing a food security proclamation that all
FSM national events use local food at their events.
In order to help promote rare yellow- and orange-
fleshed banana varieties, a general policy was also

adopted by IFCP to buy just those varieties for their
meetings and events, in place of the white-fleshed
banana variety that is most commonly consumed in
Pohnpei as a ripe eating banana.

4. Lessons learned

Our lessons learned were many. Some of these were:

e Community- and interagency-based approach
was important.

e Walk the Talk: To promote local foods, it was
essential to use local foods.

e Repetition: Messages needed to be repeated
many times.

e Mass media (radio, newspaper, email, videos,
television) helped a lot.

e Face-to-face encounters were also important.

e Multiple methods: It is important to use a variety
of methods.

* Slogans (Go Local and Go Yellow): These are
important for branding and unity.

e Scientific approach: Community people wanted
a scientific approach.

* Food analysis was critical to establishing the
value of their local food.

e Assessment and evaluation of the work was
important to show progress.

e Acknowledgement of everyone’s involvement
increased motivation and interest.

* Local food policies: These were important and are
still being further developed.

Many people were not aware of how their diet and
physical activity affected their health, and innova-
tive methods were needed to help them gain this
understanding. On the other hand, many people
were more interested in the other values of local
foods. Protecting cultural identity through the
preservation of the traditional food system was very
important for many people.

The economic, environmental and food security
benefits were important as well to help put forth the
broad benefits that locally grown food provide. The
use of the CHEEF acronym was very helpful for ex-



plaining why we should “go local”, namely for Culture,
Health, Environment, Economics and Food security.
In addition, and perhaps most important of all, it
was important that the leaders of the activity were
passionate about their work, that the activities
planned were fun and that people carrying out the
activities also be involved in planning them.

5. Conclusions

To conclude, a food-based approach has many ad-
vantages to vitamin A supplementation in alleviating
vitamin A deficiency in Micronesia. Heed should be
taken of the paper by Latham et al. (2010) referring
to the universal vitamin A supplementation pro-
gramme as a “fiasco” and the need to question its
wisdom and validity. Vitamin supplementation pro-
grammes can block food-based approaches.

It should always be remembered that whole foods
can provide a wealth of nutrients, whereas supple-
mentation programmes may focus only on one or a
few nutrients. Food-based approaches and local
foods are important for many benefits. The “CHEEF”
acronym stresses the benefits of local food, which
are: Culture, Health, Environment, Economics and
Food security. So let's support food-based ap-
proaches and let’s go local!
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Abstract

Historically, agricultural systems have been as-
sessed on the basis of a narrow range of criteria,
such as profitability or yields. Yet, these metrics do
not reflect the diversity of nutrients provided by the
system that is critical for human health. In this study
we take a step to demonstrate how ecological tools
can play a role in addressing nutritional diversity as an
overlooked ecosystem service of agricultural systems.

Data on edible plant species diversity, food security
and diet diversity were collected for 170 farms in
three rural settings in sub-Saharan Africa. Nutri-
tional FD metrics were calculated based on farm
species composition and species nutritional com-
position. Iron and vitamin A deficiency were deter-
mined from blood samples of 90 adult women.

Nutritional FD metrics summarized the diversity of
nutrients provided by the farm and showed variabil-
ity between farms and villages. Regression of nutri-
tional FD against species richness and expected FD
enabled identification of key species that add nutri-
ent diversity to the system and assessed the degree
of redundancy for nutrient traits. Nutritional FD
analysis demonstrated that depending on the orig-
inal composition of species on farm or village,
adding or removing individual species can have rad-
ically different outcomes for nutritional diversity.
While correlations between nutritional FD, food and
nutrition indicators were not significant at house-
hold level, associations between these variables
were observed at village level.

This study provides novel metrics to address nutritional
diversity in farming systems and examples of how
these metrics can help guide agricultural interventions
towards adequate nutrient diversity. New hypotheses
on the link between agrodiversity, food security and
human nutrition are generated and strategies for fu-
ture research are suggested calling for integration of
agriculture, ecology, nutrition, and socio-economics.

1. Introduction

While great strides in reducing hunger through in-
creases in agricultural productivity have been made
worldwide, more than 900 million people are un-
dernourished (FAQ, 2010), over 2 billion people are
afflicted by one or more micronutrient deficiencies
(WHO, 2007) and over 1 billion adults are overweight
(WHO, 2003]. In addition to producing sufficient
calories, a major, often overlooked challenge in
agriculture and food systems is to provide an ade-
quate diversity of nutrients necessary for a healthy
life. A human diet requires at least 51 nutrients in
adequate amounts consistently (Graham et al.,
2007). It has been argued that changes in agricul-
tural production systems from diversified cropping
systems towards ecologically more simple cereal-
based systems have contributed to poor diet diver-
sity, micronutrient deficiencies and resulting
malnutrition in the developed as well as developing
world (Graham et al., 2007; Frison et al., 2006;
Negin et al., 2009; Welch and Graham, 1999). Suc-
cess of agricultural systems has historically been
evaluated primarily on metrics of crop yields, eco-
nomic output and cost-benefit ratios (IAASTD,
2009). Yet, these metrics do not reflect the diversity
of nutrients provided by the system that is critical
for human health. In this study we take a step to
demonstrate how ecological tools can play a role in
addressing nutritional diversity as an overlooked
ecosystem service of agricultural systems.

[n nutritional sciences, several methods have been
developed that look beyond the single nutrient or
food item to capture the broader picture of diet di-
versity (FAO-FANTA, 2008; Drescher et al., 2007;
Waijers et al., 2007; Rose et al., 2008; Kennedy et
al., 2010). Count measures are frequently applied to
assess diet diversity, where the number of con-
sumed food items and food groups is recorded
(FAO-FANTA, 2008). Diet quality indices have also
been developed that take into account consumption
pattern and nutritional composition of food items
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(Drescher et al., 2007; Waijers et al., 2007). Numer-
ous studies have shown that nutritional quality of
the diet improves as a higher diversity of food items
or food groups is consumed (Shimbo et al., 1994;
Hatloy et al., 1998; Moursi et al., 2008; Steyn et al.,
2006; Kennedy et al., 2005) and increased diet di-
versity has been associated with positive health out-
comes such as lower rates of stunting, mortality
and incidence of cancer (Arimond and Ruel, 2004;
IFPRI, 1998; Kant et al., 1993; Slattery et al., 1998;
Levi et al., 1998; Bhutta et al., 2008).

Approaches to quantifying diet diversity in nutrition
research have direct analogues to approaches to
quantifying biological diversity in ecology. Counting
total number of food items or food groups is analo-
gous to counting species richness and functional
group richness. In ecology, there is increasing in-
terest in quantitative measures of functional diver-
sity, which take advantage of the wealth of
information available on species’ traits, particularly
for plants, to overcome some of the drawbacks or
lack of sensitivity of the simpler measures of diver-
sity (Diaz and Cabido, 2001). Among these quantita-
tive approaches is the functional diversity metric FD
(Petchey and Gaston, 2002). FD is a metric that re-
flects the trait distinctiveness of a community and
the degree of complementarity in traits of species

within a community.

Here we explore a novel nutritional functional di-
versity metric (nutritional FD). The nutritional FD
metric is based on plant species composition on
farm and the nutritional composition of these plants
for 17 nutrients that are key in human diets and for
which reliable plant composition data are available
(Table 1). We use this FD metric to summarize and
compare the diversity of nutrients provided by farms
in three sites in sub-Saharan Africa (SSA).

The nutritional FD value increases when a species
with a unique combination of nutrients is added to a
community, and decreases when such a species is
lost. Changes in the presence or absence of species
with identical nutritional composition do not change
the value of FD, however such redundancy provides
a buffer, in case other species are lost from the sys-
tem. For example, changing climate conditions
could prevent some plant species from being suc-
cessfully cultivated, so having several species with
similar nutritional composition means that such a
shift in crop species composition would not neces-
sarily impact the overall nutritional diversity at the
farm or community level. The nutritional FD metric
thus reflects the diversity of nutrients provided by
the farm and the complementarity in nutrients
among species on a farm or community.

Table 1. Nutrients and nutrient groups taken into account for calculation of FD metrics.

Macronutrients Minerals Vitamins
Protein Calcium (Ca) Vitamin A
Carbohydrates Iron (Fe) Vitamin C
Dietary fibre Potassium (K] Thiamin
Fat Magnesium (Mg) Riboflavin

Manganese (Mn) Folate

Zinc (Zn) Niacin

Sulphur (S])

From the 51 required nutrients for human diets, 17 nutrients that are key for human diets and for which reliable plant
composition data were available in the literature were selected. Because plants are not a proven source for vitamin B12

and vitamin D, these were not included.



The three sites examined here, Mwandama in
Malawi, Sauri in Kenya, and Ruhiira in Uganda, are
part of the Millennium Villages Project (MVP), where
food insecurity and undernutrition rates are high
(Sanchez et al., 2007; MVP, 2010; Nziguheba et al.,
2010). A principal goal of the MVP is to improve food
security and nutrition through a set of interventions
recommended by the United Nations Millennium
Project Hunger Task Force (UN Millennium Project,
2005). The sites represent distinct but representative
agro-ecosystems of SSA (Table 2], with maize
(Mwandama, Sauri) or banana (Ruhiira) as the staple
crop. Subsistence farming is the main livelihood
strategy for over 75 percent of the households in
these sites (Sanchez et al,, 2007; MVP, 2010; Nziguheba
etal., 2010). On average 50 percent of food consumed
in the household comes from own production and
75 percent of food consumed in the village comes

Table 2. Site characteristics.

from production within the village (Table 2J.

In this study we explore how nutritional FD metrics
can provide insights in nutrient diversity of farming
systems and can have potential to guide agricultural
management. Data on plant species diversity, food
security and diet diversity were collected for plots
and home gardens of 170 farms in Mwandama,
Sauri and Ruhiira and iron and vitamin A deficiency
was determined from blood samples for 30 adult
women per village. Four nutritional FD metrics
were calculated: FDtotal describing diversity for all
17 nutrients of Table 1, FDmacronutrients for the
four macronutrients, FDminerals for the seven min-
erals and FDvitamins for the six vitamins. Differ-
ences between farms and villages for species
richness, nutritional FD, household food and health
indicators were analysed as well as relationships
between these different indicators.

Farming system and Agro-ecological zone

Major crops

Rainfall pattern and annual average (mm)

Altitude (m above sea level)
Average area cropped per household (ha)

Average % of food consumed by the household
that comes from own production
(calculated in $ values)

Average % of food consumed in the village
that comes from production in the village
(calculated in $ values)

Dominant soils and fertility conditions

loam

Soil pH

Soil Effective Cation Exchange Capacity (ECEC])
Soil % Nitrogen (N)

Soil % Carbon (C)

Soil C/N ratio

Malawi, Mwandama

Cereal root-crops mixed
Subhumid Tropical

Kenya, Sauri

Maize mixed
Subhumid tropical

Uganda, Ruhiira

Banana-based
Highland perenial

Maize Maize, Beans Banana
Unimodal Bimodal Bimodal
1139 1800 1050
900-1200 1400 1350 - 1850
1.0 0.6 1.9
46% 35% 69%

70% 75% 82%
Rhodustalfs, Rhodic Hapludox, Rhodic Hapludox and

loamy to clayey clayey Acrisols, sandy clay
5.25 (+ 0.60) 5.74 (+ 0.37) 5.45 (+ 0.85)
5.74 (+ 2.34) 7.03 (£ 1.96) 13.63 (+ 4.34)
0.079 (+ 0.026) 0.121 (+0.031) 0.260 (+ 0.066)
1.098 (£ 0.415) 1.461 (£0.332) 3.078 (£ 0.742)
13.91 (£ 2.18) 12.39 (+2.20) 11.96 (£ 1.27)

Soil values represent average scores + standard deviation based on 60 samples [29, 65]
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2. Methods

2.1 Research sites

The Mwandama village cluster is located in the
southern Zomba district of Malawi and covers an
approximate population of 35 000 people. The region
once characterized by native Miombo woodlands is
now intensively cultivated. Smallholders grow
mainly maize, pigeon peas, cassava and ground-
nuts, while commercial estates produce tobacco
and maize. Livestock management is practised on
a small scale and is restricted to chicken and goats.

The Sauri cluster is located in the Kenyan highlands
in the western Nyanza Province and has a farm
community of 63 500 people. The main occupations
are subsistence farming, consisting primarily of
maize, sorghum and cassava, and animal husbandry,
including goats, chickens and cattle.

The Rubhiira cluster is situated in the Isingiro district
in the hilly, dissected terrain of southwest Uganda
and has a population of approximately 43 056 people.
The agricultural system is predominantly a mixed
system with livestock and cultivation of annual and
perennial crops. The main crop is banana, which cov-
ers approximately 30 percent of the total cropland.

Further site characteristics are outlined in Table 2
(Sanchez et al., 2007; MVP, 2010; Nziguheba et al.,
2010).

2.2 Sample selection and data collection

A random sample of 50 to 60 farms per site was se-
lected based on demographic and geographic MVP
data for 300 previously randomly selected house-
holds per cluster. For Ruhiira and Mwandama data
for 60 farms were collected during June-Septem-
ber of 2009. For Sauri data for 50 farms were col-
lected during November of 2009. The study
procedures, purpose, risks and benefits were ex-
plained to participants during the informed consent
process. The study received ethical approval from

the Institutional Review Board at Columbia University.

2.3 Documentation of species diversity

For each of the 170 farms, all plots, including
home gardens, cultivated by the household, were
sampled to document all crop, plant and tree
species, with different species and varieties ac-
cording to local definitions. Plant species were
confirmed with the help of local botany studies
(Maundu et al., 1999; Maundu et al., 2005; Chewya
and Eyzaguirre, 1999; Smith and Eyzaguirre, 2007;
NRC, 1996, 2006, 2008). In addition, it was noted if
these plants were edible and consumed by the
household. Only plants that were edible and con-
sumed in the village were considered for this study.

2.4 Nutritional trait data of plants

A database of plant nutritional composition data
was developed based on existing studies and
databases. When different parts of certain plants
were consumed, both parts were listed and taken
into account in further calculations. The nutri-
tional composition data were standardized and
weighted by converting values to the percentage
of the Dietary Reference Intake (DRI) (NAS, 2009)
for the specific nutrient provided by 100 g of the
consumable product. So, for each nutrient, per-
centage of DRI provided by 100 g of that plant
species were the values used to calculate the FD
scores. Seventeen nutrients were selected based
on data availability and the essential role they
play in human diets (Table 1).

2.5 Calculation of diversity metrics

Species richness was defined by the number of iden-
tified and previously described edible species per
farm. Petchey and Gaston's FD (Petchey and Gaston,
2002) was used as a measure of nutritional functional
diversity, with 17 nutrients from 77 crops (Figure 1).
Functional diversity metrics begin with two data ma-
trices: 1) a species by trait matrix, and 2] a farm or site
by species matrix (Petchey et al., 2009). In the method



1. Crop nutritional trait data

Species Traitl Traitll Traitlll
1 10 5 0
2 5 5 0
3 1 0 10

3. Cluster species distances

2. Crop composition data

Farm 1 2
A 1 1
B 1 1
C 1 1

Species (1 2 3
1 R
2 0,3 -
8 0,7 0,7 -

4. Cluster species into dendrogram

FarmA | i
Farm B I i

5. Sum branch
lengths for species
present in
community
composition data.

Y

Nutritional FD = 3~

Nutritional FD = 4

Farm C : Loaiawiin
Nutritional FD = 2

Figure 1. Schematic model of how to assess nutritional func-
tional diversity.

Two data sets are required: a species by trait matrix (1), and a
farm or site by species matrix (2). From the species x trait ma-
trix, the multivariate distances between crop species are cal-
culated (3], where distance is a function of distinctness in
nutrient composition and content. The distances between
species are used to cluster species into a dendrogram (4).
Based on the crop species present in a given farm, the branch
lengths of the dendrogram are summed (5). Example Farms A
and C illustrate how nutritional functional diversity can differ
even when species richness is identical, depending on the nu-
tritional distinctiveness of the crop species present.

we used here, the species x trait matrix is used to cal-
culate the multivariate distances between crop
species, where distance between a pair of species de-
termined by the distinctness in nutrient composition
and content. Then the distances between species are
used to cluster species into a dendrogram, which re-
duces the dimensionality of the diversity metric calcu-
lation. Finally, based on the crop species presentin a
given farm, the branch lengths of the dendrogram are
summed, to give the FD value (Figure 1).

In the crop nutritional data set we use here, the species
x trait matrix is composed by the percentage of DRI
for a specific nutrient. The community composition
matrix contains the presence or absence of each
crop species for each of the 170 farms. We calculated
nutritional FD in four ways: using all 17 nutrients,
using just the four macronutrients, using the six
vitamins, and using the seven minerals (Table 1),
resulting in four respective FD metrics: FDtotal, FD-
macronutrients, FDminerals and FDvitamins. Re-
sults were scaled by the maximum values to range
from 0 to 100 for each FD metric separately.

2.6 Functional redundancy and observed versus
expected FD

We assessed the degree of functional redundancy by
simulations that model observed versus expected
functional diversity for a given species richness
(Figure 2) (Flynn et al., 2009).
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Figure 2. Schematic model to assess degree of redundancy by
modelling observed versus expected functional diversity for a
given species richness.

If a set of communities has a large range of species richness,
but shows little variation in functional diversity, then the
species pool in that set of communities has high functional re-
dundancy. In contrast, a set of communities with low functional
redundancy may exhibit large changes in functional diversity
with only small changes in species richness.
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To calculate “expected FD" scores, we used a sim-
ulation approach to create a null distribution of FD
values for the observed number of species. Holding
species richness constant for each of the 170
households, we randomly selected species without
replacement from the species pool (the total number
of species in the study) to calculate a null FD value
for each household. We repeated this 5 000 times to
produce a distribution of null values and tested
whether the observed FD for each household was
significantly higher or lower than the null FD distri-
bution, at & = 0.05 (Flynn et al., 2009). For this study,
“expected FD" is thus the mean of the functional di-
versity calculated from many possible species combi-
nations for a particular number of species.

This approach allows us to determine if changes in
FD across households simply reflect species rich-
ness, or if species composition and trait diversity
vary in other ways, e.g. with village or other fac-
tors. If a set of communities has a large range of
species richness, but shows little variation in func-
tional diversity, then the species pool in that set of
communities has high functional redundancy (Fig-
ure 2). That is to say, many species share similar
traits and the loss of a few species has little im-
pact on functional diversity. In contrast, a set of
communities with low functional redundancy may
exhibit large changes in functional diversity with
only small changes in species richness (Figure 2)
(Flynn et al., 2009).

2.7 Household food indicators

Recommendations of the Food and Nutrition Tech-
nical Assistance (FANTA) project were used to de-
velop questionnaires for the months of inadequate
household food provisioning (MIHFP, range 0-12;
adapted from months of adequate household food
provisioning (Bilinsky and Swindale, 2007), house-
hold food insecurity access scale (HFIAS, range 0-
21) (Coates et al., 2007) and household diet diversity
score (HDDS, range 0-15) (FAO-FANTA, 2008) based

on a 24-hour recall for consumption of 15 food
groups: cereals; vitamin A rich vegetables and tu-
bers; white tubers, roots and plantains; green leafy
vegetables; other vegetables; vitamin A rich fruits;
other fruits; legumes and nuts; oils and fat; meat;
fish; eggs; milk; sweets; spices and tea (FAO-
FANTA, 2008). The surveys were first pre-tested and
adapted to local conditions and language.

2.8 Iron and vitamin A deficiency

Individual serum samples were collected from 30
women between the ages of 13 and 49 per site (90 in
total) to determine iron and vitamin A deficiency.

Iron was measured by a colorimetric assay using the
Hitachi 917 analyser (Roche Diagnostics, Indianapolis,
IN). Under acidic conditions, iron is liberated from
transferrin. Ascorbate reduces the Fe3+ ions to Fe2+
ions, which then react with FerroZine re-agent to form
a coloured complex. The colour intensity is directly pro-
portional to the iron concentration in the sample and
is measured photometrically. Iron at the concentration
of 46, 93 and 138 ug/dL has a day-to-day variability of
1.8%, 1.1% and 0.6%, respectively. Iron deficiency was
defined as a level less than 15 ng/mL (FAO-WHO, 1988).
The levels of vitamin A were measured by high
performance liquid chromatography (Shimadzu
Corporation, Kyoto, Japan). Vitamin A is de-proteinized
from the serum/plasma sample using ethanol and
extracted with hexane. The extract is dried, re-dissolved
with ethanol and injected into the chromatograph.
Retinyl acetate is used as the internal standard. This
assay is standardized using calibrators from the
National Institute of Standards and Technology. The
minimum required volume for this assay is 150
microlitres. Vitamin A deficiency was defined as a
level & 20 micrograms/dL (FAO-WHO, 1988).

All calculations, as well as general linear models
and analysis of variance, were done in the statis-
tical programming environment R (2.11.0,
www.r-project.org).



Table 3. Indicator outcomes per site

Edible plant diversity in village Edible species richness
of village (number of unique
species for that site)

Edible plant diversity per

household farm Edible species richness

Nutritional FDall [0-100]

Nutritional FDmacronutrients [0-100] 46.73 + 9.75

Nutritional FDminerals [0-100]
Nutritional FD vitamins [0-100]

HHDDS
HHFIS
MIHFS

Household food indicators

Nutritional health indicators Vit A deficiency women

Fe deficiency women

Malawi, Mwandama Kenya, Sauri Uganda, Ruhiira p-value
42 (11) 49 (11) 55 (13]
11.15 £ 3.66 15.22 + 4.29 18.25+4.82 «-0.001
49.25+17.96 64.56 +16.32 68.44 +15.82 «-0.001
52.7+13.15  72.23 + 14.54 «-0.001
32.21 £ 10.56 52.52+16.14 70.88+16.2 <&0.001
41.97 + 24.48 46.91+£17.92 45.78 + 18.08 0.41
7.57 +2.58 8.22 +2.05 9.2+3.18 £0.001
11.65 +5.80 7.62 +5.01 10.27 £+ 4.96 <&0.001
4.37 +2.27 2.56+2.18 3.97+1.67 &0.001
0.00% 3.30% 6.70% 0.563
23.30% 6.70% 6.70% &0.001

Values represent total number for indicators at the village level and average scores for indicators at the household (= farm) or individual
level £ standard deviation. P-values are shown for ANOVA test of village effect on farm/household/individual level indicators. HHDDS:
Household Diet Diversity Score; FIS: Household Food Insecurity Score, MIHFS: Months of Inadequate Household Food Supply.

3. Results

3.1 Species diversity

Across the 170 farms of the three sites, a total of 77
edible, previously described plant species were
identified. Twenty-seven of these 77 species were
common among all three sites. The average number
of edible species per farm differs significantly be-
tween villages, ranging from 11 in Mwandama to 18
in Ruhiira (Table 3).

Farm species richness was found to be independent
from farm landholding size (r2 = -0.0017, p = 0.366),
also when corrected for village. The five most com-
monly grown crops across all three sites are ba-
nanas (on 93% of the farms), maize (91%), beans
(75%), cassava (75%) and mango (69%). Examples of
unique species for one of the sites include several
green leafy vegetables such as Corchorus olitorius
(apoth) and Crotalaria brevidens (mito) for Sauri in
Kenya; tamarillo or tree tomato (Solanum betaceum)

and some spices, e.g. ginger and cardamom, for
Ruhiira in Uganda; certain fruits such as peaches,
figs and pomegranates for Mwandama in Malawi.

3.2 Nutritional FD and relationship with species
richness

Four nutritional FD metrics (FDtotal, FDmacronutri-
ents, FDminerals and FDvitamins) were calculated
for each of the 170 farms (Table 3). This approach al-
lows us to investigate the nutritional diversity across
all nutrients and within each of the major nutrient
groups. For three out of these four FD metrics, av-
erage values for farms differ significantly between
the sites (p&0.001) (Table 3), with equivalent values
only for FDvitamins (p=0.41). Similar to species rich-
ness, all FD metrics were found to be independent
from farm landholding size (p—>0.1).

Figure 3 plots FD values against species richness
for each of the 170 farms.

141



142

29 H Moot ‘:'u:;.;
= I:II'-H'U'E
- 2 =u
o !"'r:
2
f
L B a8 g
E = C. bbmamin "ﬁﬁ e . Yidmrira
g e e -
3 l:! a o :.Elnl
5 it . w
& 9 L] - o
J‘W "
a e T
& b,
- =
h T T T T

1 18 Pt el } m 18 - Fe k.

- L]
G Spsbems Fichnas

Figure 3. Nutritional functional diversity values are plotted
against species richness for 170 household farms.

A: Nutritional FD = FDtotal, summarizing functional diversity
for all 17 nutrients listed in Table 1; B: Nutritional FD = FD-
macronutrients for the four macronutrients; C: Nutritional FD
= FDminerals for the seven minerals; D: Nutritional FD = FDvi-
tamins for the six vitamins (Table 1). Farms in Mwandama are
shown as triangles, farms in Sauri as squares, and farms in
Ruhiira as circles.

Regression of FDtotal (Figure 3A) against species
richness reveals several patterns. First is a strong
positive correlation (p¢-0.001; r2=0.68) between FD-
total and species richness, independent of village.
Thus, as the number of edible species increases,
the diversity of nutrients that farm provides also in-
creases. Second, at a level of around 25 species per
farm, the relationship between FDtotal and species
richness starts levelling off, meaning that additional
species to a farm, with around 25 or more species,
increases nutritional diversity very little. Third, al-
though species richness and FDtotal are correlated,
farms with the same number of species can have
very different nutritional FD scores.

For example, two farms in Mwandama (indicated
by arrows on Figure 3A] both with 10 species show
an FDtotal of 23 and 64, respectively. The differ-
ence in FD is linked to a few differences in species
nutritional traits. Both of these example farms
grow maize, cassava, beans, banana, papaya, pi-

geon pea and mango. In addition, the farm with
the higher FD score grows pumpkin, mulberry and
groundnut, while the farm with lower FD score has
avocado, peaches and black jack (in Malawi, black
jack leaves are consumed). Trait analysis shows
that pumpkin (including pumpkin leaves, fruits
and seeds which are all eaten] adds diversity to
the system by its relatively high nutritional con-
tentin vitamin A, Zn and S-containing amino acids
(methionine and cysteine) compared to other
species; mulberry by its levels of vitamin B com-
plexes (thiamin, riboflavin) and groundnut by its
nutritional content for fat, Mn and S. The black
jack, avo