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Overview to Four Volumes: Sustainable
Agriculture and Food

Jules Pretty

The Context for Agricultural Sustainability

The interest in the sustainability of agricultural and food systems can be traced
to environmental concerns that began to appear in the 1950s and 1960s. How-
ever, ideas about sustainability date back at least to the oldest surviving writings
from China, Greece and Rome (King, 1911; Cato, 1979; Hesiod, 1988; Con-
way, 1997; Li Wenhua, 2001; Pretty, 2002). More recent concerns began to
develop during the 1960s, and were particularly driven by Rachel Carson’s book
Silent Spring (Carson, 1963). Like other popular and scientific studies at the
time, it focused on the environmental harm caused by agriculture. In the 1970s,
the Club of Rome identified the economic problems that societies would face
when environmental resources were overused, depleted or harmed, and pointed
towards the need for different types of policies to generate sustainable economic
growth.

In the late 1980s, the World Commission on Environment and Development
(WCED), chaired by Gro Harlem Brundtland, published Our Common Future,
the first serious attempt to link poverty alleviation to natural resource management
and the state of the environment. Sustainable development was defined as ‘meet-
ing the needs of the present without compromising the ability of future genera-
tions to meet their own needs’. The concept implied both limits to growth and the
idea of different patterns of growth (WCED, 1987).

In 1992, the UN Conference on Environment and Development was held in
Rio de Janeiro. The main outcome was Agenda 21, a 41-chapter document setting
out priorities and practices across all economic and social sectors, and how these
should relate to the environment. Chapter 14 addressed Sustainable Agriculture
and Rural Development (SARD). The principles of sustainable forms of agricul-
ture that encouraged minimizing harm to the environment and human health
were agreed. However, progress since then has not been good, as Agenda 21 was
not a binding treaty on national governments, and all remain free to choose
whether to adopt or ignore these principles (Pretty and Koohaftkan, 2002). The
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‘Rio Summit’ was, however, followed by several important actions that came to
affect agriculture, including the signing of the Convention on Biodiversity in
1995; the establishment of the UN Global Integrated Pest Management (IPM)
Facility in 1995, which provides international guidance and technical assistance
for integrated pest management; the signing of the Stockholm Convention on
Persistent Organic Pollutants in 2001, so addressing some problematic pesticides;
and, ten years after Rio, the World Summit on Sustainable Development held in
Johannesburg. In 2005, the Millennium Ecosystem Assessment then drew atten-
tion to the value of environmental services, and in particular the role that agricul-
ture plays in affecting them (MEA, 2005).

Today, concerns about sustainability centre on the need to incorporate agricul-
tural technologies and practices that (i) do not have adverse effects on the environ-
ment (partly because the environment is an important asset for farming); and (ii)
are accessible to and effective for farmers, and lead both to improvements in food
productivity and have positive side-effects on environmental goods and services.
Sustainability in agricultural systems incorporates concepts of both resilience (the
capacity of systems to buffer shocks and stresses) and persistence (the capacity of
systems to continue over long periods), and addresses many wider ecological, eco-
nomic and social and political dimensions:

*  FEcological — the core concerns are to reduce negative environmental and health
externalities, to enhance and use local ecosystem resources, and preserve biodi-
versity. More recent concerns include broader recognition of the positive envir-
onmental services from agriculture (including carbon capture in soils, flood
protection, biodiversity services).

*  Economic — economic perspectives seek to assign value to ecological assets, and
also to include a longer time frame in economic analysis. They also highlight
the often hidden subsidies that promote the depletion of resources or unfair
competition with other production systems.

o Social and political — there are many concerns about the equity of technological
change. At the local level, agricultural sustainability is associated with farmer
participation, group action and the promotion of local institutions, culture
and farming communities. At the higher level, the concern is for enabling
policies that target poverty reduction in developing countries and diet man-
agement in industrialized countries.

In recent decades, there has been remarkable growth in agricultural production
worldwide. Since the beginning of the 1960s, aggregate world food production
grew by 145 per cent to the early part of the 21st century. In Africa, it increased by
140 per cent, in Latin America by almost 200 per cent and in Asia by 280 per cent.
The greatest increases have been in China, where a five-fold increase occurred,
mostly during the 1980s and 1990s. In industrialized countries, production started
from a higher base; yet it still doubled in the US over 40 years, and grew by 68 per
cent in western Europe (FAO, 2005).
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Over the same period, world population grew from 3 to 6.5 billion. Again,
though, per capita agricultural production has outpaced population growth. For
each person today, there is 25 per cent more food compared with 1960. These
aggregate figures, however, hide important regional differences. In Asia and Latin
America, per capita food production increased by 76 per cent and 28 per cent
respectively. Africa has fared badly, with food production per person 10 per cent
lower in the early 2000s than in 1960. China, again, performed best, with a tre-
bling of per capita food production over the same period. These agricultural pro-
duction gains have lifted millions out of poverty and provided a platform for both
rural and urban economic growth in many parts of the world.

However, these advances in aggregate productivity have not brought reduc-
tions in the incidence of hunger for all. In the early 21st century, there were still
more than 800 million people hungry and lacking adequate access to food. A third
were in East and South-East Asia, another third in South Asia, a quarter in sub-
Saharan Africa, and 5 per cent each in Latin America/Caribbean and in North
Africa/Near East. Nonetheless, there has been progress, as the incidence of under-
nourishment stood at 960 million in 1970, comprising a third of all people in
developing countries at the time.

Despite this progress in food output, it is likely that food-related ill health will
remain widespread for many people. As world population continues to increase,
until at least the mid 21st century, so the absolute demand for food will also
increase. Increasing incomes will also mean people will have more purchasing
power, and this will increase demand for food. But as diets change, so demand for
the types of food will also shift radically, with large numbers of people going
through the nutrition transition. In particular, increasing urbanization means
people are more likely to adopt new diets, particularly consuming more meat, fats
and refined cereals, and fewer traditional cereals, vegetables and fruit (Popkin,
1998).

At the same time as these recent changes in agricultural productivity, consumer
behaviour over food and the political economy of farming and food (Goodman
and Watts, 1997), agricultural systems are now recognized to be a significant source
of environmental harm (Tilman, 1999; Pretty et al, 2000; MEA, 2005; Pretty,
2007). Since the early 1960s, the total agricultural area has expanded by 11 per
cent from 4.5 to 5 billion hectares, and arable area from 1.27 to 1.4 billion hec-
tares. In industrialized countries, agricultural area has fallen by 3 per cent, but has
risen by 21 per cent in developing countries (Figure 1a). Livestock production has
also increased, with a worldwide four-fold increase in numbers of chickens, a two-
fold increase in pigs, and 40—50 per cent increases in numbers of cattle, sheep and
goats (Figure 1b).

During this period, the intensity of production on agricultural lands has also
risen substantially. The area under irrigation and number of agricultural machines
has grown by about two-fold, and the consumption of all fertilizers by four-fold
(and nitrogen fertilizers by seven-fold) (Figures 1c and 1d). The use of pesticides
in agriculture has also increased dramatically, and now amounts to some 2.56
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Table 1 World and US use of pesticide active ingredients (mean for 1998-1999)

Pesticide use World pesticide use US pesticide use
(Million kg ai') % (Million of ai) %
Herbicides 948 37 246 44
Insecticides 643 25 52 9
Fungicides 251 10 37 7
Other? 721 28 219° 40
Total 2563 100 554 100

1 ai = active ingredient.

2 Other includes nematicides, fumigants, rodenticides, molluscicides, aquatic and fish/bird
pesticides and other chemicals used as pesticides (e.g. sulphur, petroleum products).

3 Other in the US includes 150 million kg of sulphur, petroleum used as pesticides.

Source: Pretty and Hine (2005), using EPA (2001), OECD (2001)

billion kilogrammes (kg) per year. In the early 21st century, the annual value of the
global market was US$25 billion, of which some $3 billion of sales was in develop-
ing countries (Pretty, 2005). Herbicides account for 49 per cent of use, insecticides
25 per cent, fungicides 22 per cent, and others about 3 per cent (Table 1). A third
of the world market by value is in the US, which represents 22 per cent of active
ingredient use. In the US, though, large amounts of pesticide are used in the home/
garden (17 per cent by value) and in industrial, commercial and government set-
tings (13 per cent by value).

These factors of production have had a direct impact on world food produc-
tion (Figures 2a—c). There are clear and significant relationships between fertilizer
consumption, number of agricultural machines, irrigated area, agricultural land
area and arable area with total world food production (comprising all cereals,
coarse grains, pulses, roots and tubers, and oil crops). The inefficient use of some
of these inputs has, however, led to considerable environmental harm. Increased
agricultural area contributes substantially to the loss of habitats, associated biodi-
versity and their valuable environmental services (MEA, 2005). Some 30-80 per
cent of nitrogen applied to farmland escapes to contaminate water systems and the
atmosphere, as well as increasing the incidence of some disease vectors (Victor and
Reuben, 2002; Smil, 2001; Pretty et al, 2003a; Townsend et al, 2003; Giles, 2005).
Irrigation water is often used inefficiently, and causes waterlogging and saliniza-
tion, as well as diverting water from other domestic and industrial users, and agri-
cultural machinery has increased the consumption of fossil fuels in food production
(Leach, 1976; Stout, 1998).

These relationships clearly show the past effectiveness of these factors of pro-
duction in increasing agricultural productivity. One argument is to suggest that
the persistent world food crisis indicates a need for substantially greater use of
these inputs (Avery, 1995; Trewevas, 2001; Cassman et al, 2002; Green et al, 2005;
Tripp, 2006). But it would be both simplistic and optimistic to assume that
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all these relationships will remain linear in the future, and that gains will continue
at the previous rates (Tilman, 1999). This would assume a continuing supply of
these factors and inputs, and that the environmental costs of their use will be
small. There is also growing evidence to suggest that this approach to agricultural
growth has reached critical environmental limits, and that the aggregate costs in
terms of lost or forgone benefits from environmental services are too great for the
world to bear (Ruttan, 1999; MEA, 2005). The costs of these environmental prob-
lems are often called externalities, as they do not appear in any formal accounting
systems. Yet many agricultural systems themselves are now suffering because key
natural assets that they require to be plentiful are being undermined or dimin-
ished.

Agricultural systems in all parts of the world will have to make many improve-
ments. In some, the challenge is to increase food production to solve immediate
problems of hunger. In others, the focus will be more on adjustments that main-
tain food production whilst increasing the flow of environmental goods and serv-
ices. World population is set to continue to increase until about 2040-2050, and
then is likely to stabilize or fall because of changes in fertility patterns. The high
fertility projection by the UN (2005) is unlikely to arise, as shifts towards lower
fertility have already occurred in many countries worldwide, and so there are very
real prospects of world population eventually falling over the one to two centuries
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after the maximum is reached. This suggests that the agricultural and food chal-
lenge is likely to be most acute in the next 50-100 years, and thereafter qualita-
tively change according to people’s aggregate consumption patterns.

What is Sustainable Agriculture?

What, then, do we now understand by agricultural sustainability? Many different
expressions have come to be used to imply greater sustainability in some agricul-
tural systems over prevailing ones (both pre-industrial and industrialized). These
include the terms biodynamic, community-based, ecoagriculture, ecological, envi-
ronmentally-sensitive, extensive, farm-fresh, free-range, low-input, organic, per-
maculture, sustainable and wise-use (Pretty, 1995; Conway, 1997; NRC, 2000;
McNeely and Scherr, 2003; Clements and Shrestha, 2004; Cox et al, 2004; Gliess-
man, 2005). There is continuing and intense debate about whether agricultural
systems using some of these terms can qualify as sustainable (Balfour, 1943; Lamp-
kin and Padel, 1994; Altieri, 1995; Trewevas, 2001).

Systems high in sustainability can be taken to be those that aim to make the
best use of environmental goods and services whilst not damaging these assets
(Aldieri, 1995; Pretty, 1995, 1998, 2005; Conway, 1997; Hinchliffe et al, 1999;
NRC, 2000; Li Wenhua, 2001; Jackson and Jackson, 2002; Tilman et al, 2002;
Uphoff, 2002; McNeely and Scherr, 2003; Swift et al, 2004; Tomich et al, 2004;
Gliessman, 2004, 2005; MEA, 2005). The key principles for sustainability are to:

(i) integrate biological and ecological processes such as nutrient cycling, nitrogen
fixation, soil regeneration, allelopathy, competition, predation and parasitism
into food production processes;

(ii) minimize the use of those non-renewable inputs that cause harm to the environ-
ment or to the health of farmers and consumers;

(iii) make productive use of the knowledge and problem-solving skills of farmers, so
improving their self-reliance and substituting human capital for costly external
inputs;

(iv) make productive use of people’s collective capacities to work together to solve
common agricultural and natural resource problems, such as for pest, watershed,
irrigation, forest and credit management.

The idea of agricultural sustainability, though, does not mean ruling out any tech-
nologies or practices on ideological grounds. If a technology works to improve
productivity for farmers, and does not cause undue harm to the environment, then
it is likely to have some sustainability benefits. Agricultural systems emphasizing
these principles also tend to be multi-functional within landscapes and economies
(Dobbs and Pretty, 2004; MEA, 2005). They jointly produce food and other goods

for farmers and markets, but also contribute to a range of valued public goods,
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such as clean water, wildlife and habitats, carbon sequestration, flood protection,
groundwater recharge, landscape amenity value and leisure/tourism. In this way,
sustainability can be seen as both relative and case-dependent, and implies a bal-
ance between a wide range of potential agricultural and environmental goods and
services.

As a more sustainable agriculture seeks to make the best use of nature’s goods
and services, so technologies and practices must be locally adapted and fitted to
place. These are most likely to emerge from new configurations of social capital,
comprising relations of trust embodied in new social organizations, and new hori-
zontal and vertical partnerships between institutions, and human capital compris-
ing leadership, ingenuity, management skills and capacity to innovate. Agricultural
systems with high levels of social and human assets are more able to innovate in the
face of uncertainty (Chambers et al, 1989; Uphoff, 1998; Bunch and Lopez, 1999;
Olsson and Folke, 2001; Pretty and Ward, 2001; Gallagher et al, 2005; Bawden,
2005; Folke et al, 2005). This suggests that there are likely to be many pathways
towards agricultural sustainability, and further implies that no single configuration
of technologies, inputs and ecological management is more likely to be widely
applicable than another. Agricultural sustainability implies the need to fit these
factors to the specific circumstances of different agricultural systems.

A common, though erroneous, assumption about agricultural sustainability is
that it implies a net reduction in input use, so making such systems essentially
extensive (they require more land to produce the same amount of food). Recent
empirical evidence shows that successful agricultural sustainability initiatives and
projects arise from shifts in the factors of agricultural production (e.g. from use of
fertilizers to nitrogen-fixing legumes; from pesticides to an emphasis on natural
enemies; from ploughing to zero-tillage). A better concept than an extensive sys-
tem is one that centres on the intensification of resources — making better use of
existing resources (e.g. land, water, biodiversity) and technologies (Conway and
Pretty, 1991; Pretty et al, 2000; Buttel, 2003; Tegtmeier and Dufty, 2004; Pretty
et al, 2006). The critical question centres on the type of intensification. Intensifi-
cation using natural, social and human capital assets, combined with the use of
best available technologies and inputs (best genotypes and best ecological manage-
ment) that minimize or eliminate harm to the environment, can be termed sus-
tainable intensification.

Capital Assets for Agricultural Systems

What makes agriculture unique as an economic sector is that it directly affects
many of the very assets on which it relies for success. Agricultural systems at all
levels rely on the value of services flowing from the total stock of assets that they
influence and control, and five types of asset, natural, social, human, physical and
financial capital, are now recognized as being important. There are, though, some
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advantages and misgivings with the use of the term capital. On the one hand,
capital implies an asset, and assets should be cared for, protected and accumulated
over long periods. On the other, capital can imply easy measurability and transfer-
ability. Because the value of something can be assigned a monetary value, then it
can appear not to matter if it is lost, as the required money could simply be allo-
cated to purchase another asset, or to transfer it from elsewhere. But nature and its
wider values are not so easily replaceable as a commodity (Coleman, 1988; Ostrom,
1990; Putnam, 1993; Flora and Flora, 1996; Costanza et al, 1997; Benton, 1998;
Scoones, 1998; Uphoft, 1998, 2002; Pretty, 2003). Nonetheless, as terms, natural,
social and human capital are useful in helping to shape concepts around basic
questions such as what is agriculture for, and what system works best. The five
capitals are defined in the following ways:

1 Natural capital produces environmental goods and services, and is the source
of food (both farmed and harvested or caught from the wild), wood and fibre;
water supply and regulation; treatment, assimilation and decomposition of
wastes; nutrient cycling and fixation; soil formation; biological control of
pests; climate regulation; wildlife habitats; storm protection and flood control;
carbon sequestration; pollination; and recreation and leisure (Costanza et al,
1997; MEA, 2005).

2 Social capital yields a flow of mutually beneficial collective action, contributing
to the cohesiveness of people in their societies. The social assets comprising
social capital include norms, values and attitudes that predispose people to
cooperate; relations of trust, reciprocity and obligations; and common rules
and sanctions mutually agreed or handed down. These are connected and
structured in networks and groups (Flora and Flora, 1996; Pretty, 2003; Cramb
and Culaseno, 2003).

3 Human capital is the total capability residing in individuals, based on their
stock of knowledge skills, health and nutrition (Orr, 1992; Byerlee, 1998;
Lieblin et al, 2004; Leeuwis, 2004). It is enhanced by access to services that
provide these, such as schools, medical services and adult training. People’s
productivity is increased by their capacity to interact with productive tech-
nologies and with other people. Leadership and organizational skills are par-
ticularly important in making other resources more valuable.

4 Physical capital is the store of human-made material resources, and comprises
buildings, such as housing and factories, market infrastructure, irrigation
works, roads and bridges, tools and tractors, communications, and energy and
transportation systems, that make labour more productive.

5  Financial capital is more of an accounting concept, as it serves as a facilitating
role rather than as a source of productivity in and of itself. It represents accu-
mulated claims on goods and services, built up through financial systems that
gather savings and issue credit, such as pensions, remittances, welfare pay-
ments, grants and subsidies.
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As agricultural systems shape the very assets on which they rely for inputs, a vital
feedback loop occurs from outcomes to inputs (Worster, 1993). Thus sustainable
agricultural systems tend to have a positive effect on natural, social and human
capital, whilst unsustainable ones feed back to deplete these assets, leaving fewer
for future generations. For example, an agricultural system that erodes soil whilst
producing food externalizes costs that others must bear. But one that sequesters
carbon in soils through organic matter accumulation helps to mediate climate
change. Similarly, a diverse agricultural system that enhances on-farm wildlife for
pest control contributes to wider stocks of biodiversity, whilst simplified modern-
ized systems that eliminate wildlife do not. Agricultural systems that offer labour-
absorption opportunities, through resource improvements or value-added activities,
can boost local economies and help to reverse rural-to-urban migration patterns
(Carney, 1998; Dasgupta, 1998; Ellis, 2000; Morison et al, 2005; Pretty et al,
20006).

Any activities that lead to improvements in these renewable capital assets thus
make a contribution towards sustainability. However, agricultural sustainability
does not require that all assets are improved at the same time. One agricultural
system that contributes more to these capital assets than another can be said to be
more sustainable, but there may still be trade-offs with one asset increasing as
another falls. In practice, though, there are usually strong links between changes in
natural, social and human capital (Pretty, 2003), with agricultural systems having
many potential effects on all three.

Agriculture is, therefore, fundamentally multifunctional. It jointly produces
many unique non-food functions that cannot be produced by other economic sec-
tors so efficiently. Clearly, a key policy challenge, for both industrialized and devel-
oping countries, is to find ways to maintain and enhance food production. But a
key question is: can this be done whilst seeking both to improve the positive side-
effects and to eliminate the negative ones? It will not be easy, as past agricultural
development has tended to ignore both the multifunctionality of agriculture and
the considerable external costs.

Side-effects and Externalities

There are surprisingly few data on the environmental and health costs imposed by
agriculture on other sectors and interests. Agriculture can negatively affect the
environment through overuse of natural resources as inputs or through their use as
a sink for pollution. Such effects are called negative externalities because they are
usually non-market effects and therefore their costs are not part of market prices.
Negative externalities are one of the classic causes of market failure whereby the
polluter does not pay the full costs of their actions, and therefore these costs are
called external costs (Baumol and Oates, 1988; Pretty et al, 2000, 2003a; Dobbs
and Pretty, 2004).
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Externalities in the agricultural sector have at least four features: (i) their costs
are often neglected; (ii) they often occur with a time lag; (iii) they often damage
groups whose interests are not well represented in political or decision-making
processes; and (iv) the identity of the source of the externality is not always known.
For example, farmers generally have few incentives to prevent some pesticides
escaping to water-bodies, to the atmosphere and to nearby natural systems as they
transfer the full cost of cleaning up the environmental consequences to society at
large. In the same way, pesticide manufacturers do not pay the full cost of all their
products, as they do not have to pay for any adverse side effects that may occur.

Partly as a result of a lack of information, there is little agreement on the eco-
nomic costs of externalities in agriculture. Some authors suggest that the current
system of economic calculations grossly underestimates the current and future
value of natural capital (Abramovitz, 1997; Costanza et al, 1997; Daily, 1997;
MEA, 2005). However, such valuation of ecosystem services remains controversial
because of methodological and measurement problems (Georghiou et al, 1998;
Hanley et al, 1998; Farrow et al, 2000; Carson, 2000) and because of the role
monetary values have in influencing public opinions and policy decisions.

What has become clear in recent years is that the success of modern agriculture
has masked some significant negative externalities, with environmental and health
problems recently costed for Ecuador, China, Germany, the Philippines, the UK
and the USA (Pingali and Roger, 1995; Crissman et al, 1998; Waibel et al, 1999;
Pretty et al, 2000, 2001, 2003a, 2005; Cuyno et al, 2001; Norse et al, 2001; But-
tel, 2003; Tegtmeier and Duffy, 2004; Sherwood et al, 2005). These environmen-
tal costs begin to change conclusions about which agricultural systems are the most
efficient, and suggest that alternatives which reduce externalities should be
sought.

Examples of costs in developing countries include The Philippines, where agri-
cultural systems that do not use pesticides result in greater net social benefits
because of the reduction in illnesses among farmers and their families, and the
associated treatment costs (Rola and Pingali, 1993; Pingali and Roger, 1995). In
China, the externalities of pesticides used in rice systems cause US$1.4 billion of
costs per year through health costs to people, and adverse effects on both on- and
off-farm biodiversity (Norse et al, 2001). In Ecuador, annual mortality in the
remote highlands due to pesticides is among the highest reported anywhere in the
world at 21 people per 100,000 people, and so the economic benefits of IPM-
based systems that eliminate these effects are increasingly beneficial (Sherwood et
al, 2005). In the UK, agricultural externalities have been calculated to be some
£1.5 billion per year in the late 1990s (Pretty et al, 2000, 2001). These, though,
are exceeded by the environmental costs of transporting food from farm to retail
outlet to place of consumption — these ‘food miles’ in the UK result in a further
£3.8 billion of environmental costs per year (Pretty et al, 2005).

These data suggest that all types of agricultural systems impose some kinds of
costs on the environment. It is, therefore, impossible to draw a boundary between
what is and is not sustainable. If the external costs are high and can be reduced by
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the adoption of new practices and technologies, then this is a move towards sus-
tainability. Agricultural sustainability is thus partly a matter of judgement, which
in turn depends on the comparators and baselines chosen. One system may be said
to be more sustainable relative to another if its negative externalities are lower.
Monetary criteria do, though, only capture some of the values of agricultural sys-
tems and the resources upon which they impinge (Carson, 2000), and so choices
may depend on wider questions about the sustainability of farm practices (on
farm, in field) and the sustainability of whole landscapes (interactions between
agricultural and wild habitats) (Green et al, 2005).

Improving Natural Capital for Agroecosystems

Agricultural sustainability emphasizes the potential benefits that arise from mak-
ing the best use of both genotypes of crops and animals and their agroecological
management. Agricultural sustainability does not, therefore, mean ruling out any
technologies or practices on ideological grounds (e.g. genetically modified or
organic crops) — provided they improve biological and/or economic productivity
for farmers, and do not harm the environment (NRC, 2000; Pretty, 2001; Uphoff,
2002; Nuffield Council on Bioethics, 2004). Agricultural sustainability, therefore,
empbhasizes the potential dividends that can come from making the best use of the
genotypes (G) of crops and animals and the ecological (Ec) conditions under
which they are grown or raised. The outcome is a result of this GxEc interaction
(Khush et al, 1998). Agricultural sustainability suggests a focus on both genotype
improvements through the full range of modern biological approaches, as well as
improved understanding of the benefits of ecological and agronomic management,
manipulation and redesign.

Agricultural systems, or agroecosystems, are amended ecosystems (Conway,
1985; Gliessman, 1998; 2005; Olsson and Folke, 2001; Dalgaard et al, 2003;
Odum and Barrett, 2004; Swift et al, 2004) that have a variety of different prop-
erties (Table 2). Modern agricultural systems have amended some of these prop-
erties to increase productivity. Sustainable agroecosystems, by contrast, have to
seek to shift some of these properties towards natural systems without signifi-
cantly trading off productivity. Modern agroecosystems have, for example, tended
towards high through-flow systems, with energy supplied by fossil fuels directed
out of the system (either deliberately for harvests or accidently through side
effects). For a transition towards sustainability, renewable sources of energy need
to be maximized, and some energy flows directed to fuel essential internal trophic
interactions (e.g. to soil organic matter or to weeds for arable birds) so as to main-
tain other ecosystem functions (Rydberg and Jansén, 2002; Champion et al,
2003; Haberl et al, 2004; Firbank et al, 2005). All annual crops, though, are
derived from opportunists, and so their resource use is inherently different to
perennials.
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Table 2 Properties of natural ecosystems compared with modern and sustainable

agroecosystems

Property Natural Modern Sustainable

ecosystem agroecosystem agroecosystem
Productivity Medium High Medium (possibly high)
Species diversity High Low Medium
Functional diversity High Low Medium-high
Output stability Medium Low-medium  High
Biomass accumulation High Low Medium-high
Nutrient recycling Closed Open Semi-closed
Trophic relationships Complex  Simple Intermediate
Natural population regulation High Low Medium-high
Resilience High Low Medium
Dependence on external inputs Low High Medium
Human displacement of Low High Low-medium
ecological processes
Sustainability High Low High

Source: Gliessman, 2005

Modern agriculture has also come to rely heavily on nutrient inputs obtained from
or driven by fossil fuel-based sources. Nutrients are also used inefficiently, and
together with certain products (e.g. ammonia, nitrate, methane, carbon dioxide),
are lost to the environment. For sustainability, nutrient leaks need to be reduced to
a minimum, recycling and feedback mechanisms introduced and strengthened,
and nutrients and materials diverted to capital accumulation. Agroecosystems are
considerably more simplified than natural ecosystems, and loss of biological diversity
(to improve crop and livestock productivity) results in the loss of some ecosystem
services, such as pest and disease control (Gallagher et al, 2005). For sustainability,
biological diversity needs to be increased to recreate natural control and regulation
functions, and to manage pests and diseases rather than seeking to eliminate them.
Mature ecosystems are now known to be not stable and unchanging, but in a state
of dynamic equilibrium that buffers against large shocks and stresses. Modern
agroecosystems have weak resilience, and for transitions towards sustainability
need to focus on structures and functions that improve resilience (Holling et al,
1998; Folke et al, 2005).

But converting an agroecosystem to a more sustainable design is complex, and
generally requires a landscape or bioregional approach to restoration or manage-
ment (Kloppenburg et al, 1996; Higgs, 2003; Jordan, 2003; Odum and Barrett,
2004; Swift et al, 2004; Terwan et al, 2004). An agroecosystem is a bounded sys-
tem designed to produce food and fibre, yet it is also part of a wider landscape at
which scale a number of ecosystem functions are important (Gliessman, 2005).
For sustainability, interactions need to be developed between agroecosystems and
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whole landscapes of other farms and non-farmed or wild habitats (e.g. wetlands,
woods, riverine habitats), as well as social systems of food procurement. Mosaic
landscapes with a variety of farmed and non-farmed habitats are known to be good
for birds as well as farms (Bignall and McCracken, 1996; Shennan et al, 2005;
Woodhouse et al, 2005).

There are several types of resource-conserving technologies and practices that
can be used to improve the stocks and use of natural capital in and around agro-
ecosystems. These are:

1 Integrated pest management, which uses ecosystem resilience and diversity for
pest, disease and weed control, and seeks only to use pesticides when other
options are ineffective (e.g. Lewis et al, 1997; Gallagher et al, 2005; Herren
et al, 2005).

2 Integrated nutrient management, which seeks both to balance the need to fix
nitrogen within farm systems with the need to import inorganic and organic
sources of nutrients, and to reduce nutrient losses through erosion control
(Crews and Peoples, 2004; Leach et al, 2004).

3 Conservation tillage, which reduces the amount of tillage, sometime to zero, so
that soil can be conserved and available moisture used more efficiently (Petersen
et al, 2000; Holland, 2004).

4 Agroforestry, which incorporates multifunctional trees into agricultural sys-
tems, and collective management of nearby forest resources (Leakey et al,
2005).

5 Aquaculture, which incorporates fish, shrimps and other aquatic resources into
farm systems, such as into irrigated rice fields and fish ponds, and so leads to
increases in protein production (Bunting, 2007).

6 Water harvesting in dryland areas, which can mean formerly abandoned and
degraded lands can be cultivated, and additional crops grown on small patches
of irrigated land owing to better rain water retention (Pretty, 1995; Reij, 1996).

7 Livestock integration into farming systems, such as dairy cattle, pigs and poul-
try, including using zero-grazing cut and carry systems (Altieri, 1995).

Many of these individual technologies are also multifunctional (Pretty, 1995;
Lewis et al, 1997). This implies that their adoption should mean favourable
changes in several components of the farming system at the same time. For exam-
ple, hedgerows and alley crops encourage predators and act as windbreaks, so
reducing soil erosion. Legumes introduced into rotations fix nitrogen, and also act
as a break crop to prevent carry-over of pests and diseases. Grass contour strips
slow surface water run-off, encourage percolation to groundwater, and can be a
source of fodder for livestock. Catch crops prevent soil erosion and leaching dur-
ing critical periods, and can also be ploughed in as a green manure. The incorpora-
tion of green manures not only provides a readily available source of nutrients for
the growing crop but also increases soil organic matter and hence water retentive
capacity, further reducing susceptibility to erosion.
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Although many resource-conserving technologies and practices are currently
being used, the total number of farmers using them worldwide is still relatively
small. This is because their adoption is not a costless process for farmers. They can-
not simply cut their existing use of fertilizer or pesticides and hope to maintain
outputs, so making operations more profitable. They also cannot simply introduce
a new productive element into their farming systems, and hope it succeeds. These
transition costs arise for several reasons. Farmers must first invest in learning (Orr,
1992; Réling and Wagermakers, 1997; Bentley et al, 2003; Lieblin et al, 2004;
Bawden, 2005; Chambers, 2005). As recent and current policies have tended to
promote specialized, non-adaptive systems with a lower innovation capacity, so
farmers have to spend time learning about a greater diversity of practices and meas-
ures (Gallagher et al, 2005). Lack of information and management skills is, there-
fore, a major barrier to the adoption of sustainable agriculture. During the
transition period, farmers must experiment more, and so incur the costs of making
mistakes as well as of acquiring new knowledge and information.

The on-farm biological processes that make sustainable agroecosystems pro-
ductive also take time to become established. These include the rebuilding of
depleted natural buffers of predator stocks and wild host plants; increasing the
levels of nutrients; developing and exploiting microenvironments and positive
interactions between them; and the establishment and growth of trees. These
higher variable and capital investment costs must be incurred before returns
increase. Examples include costs for: labour in the construction of soil and water
conservation measures; the planting of trees and hedgerows; pest and predator
monitoring and management; fencing of paddocks; the establishment of zero-
grazing units; and the purchase of new technologies, such as manure storage equip-
ment or global positioning systems for tractors.

It has also been argued that farmers adopting more sustainable agroecosystems
are internalizing many of the agricultural externalities associated with intensive
farming, and so could be compensated for effectively providing environmental
goods and services. Providing such compensation or incentives would be likely to
increase the adoption of resource conserving technologies (Dobbs and Pretty,
2004). Nonetheless, periods of lower yields seem to be more apparent during con-
versions of industrialized agroecosystems. There is growing evidence to suggest
that most pre-industrial and modernized farming systems in developing countries
can make rapid transitions to both sustainable and productive farming,.

Social Learning and Asset Building

The term participation is now part of the normal language of most development
and conservation agencies. It has become such a fashion that almost everyone says
that it is part of their work. This has created many paradoxes, as it is easy to mis-
interpret the term. In conventional development, participation has commonly
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centred on encouraging local people to contribute their labour in return for food,
cash or materials. But material incentives distort perceptions, create dependencies,
and give the misleading impression that local people are supportive of externally
driven initiatives. When little effort is made to build local interests and capacity,
then people have no stake in maintaining structures or practices once the flow of
incentives stops. If people do not cross a cognitive frontier, then there will be no
ecological literacy.

The dilemma for authorities is that they both need and fear people’s participa-
tion. They need people’s agreement and support, but they fear that wider and open-
ended involvement is less controllable. But if this fear permits only stage-managed
forms of participation, then distrust and greater alienation are the most likely out-
comes. Participation can mean finding something out and proceeding as originally
planned. Alternatively, it can mean developing processes of collective learning that
change the way that people think and act. The many ways that organizations inter-
pret and use the term participation range from passive participation, where people
are told what is to happen and act out predetermined roles, to self-mobilization,
where people take initiatives independently of external institutions (Pretty,
1995).

Agricultural development often starts with the notion that there are technolo-
gies that work, and so it is just a matter of inducing or persuading farmers to adopt
them (Leeuwis, 2004). But the problem is that the imposed models look good at
first, and then tend to fade away (Kerr et al, 1999). Alley cropping, an agroforestry
system comprising rows of nitrogen-fixing trees or bushes separated by rows of
cereals, has long been the focus of research. Many productive and sustainable sys-
tems, needing few or no external inputs, have been developed. They stop erosion,
produce food and wood, and can be cropped over long periods. But the problem
is that very few farmers have adopted these systems as designed — they appear to
have been produced as suitable largely only for research stations, with their plenti-
ful supplies of labour and resources and standardized soil conditions.

It is critical that sustainable agriculture and conservation management do not
prescribe concretely defined sets of technologies and practices. This only serves to
restrict the future options of farmers and rural people. As conditions change and
as knowledge changes, so must the capacity of farmers and communities be
enhanced to allow them to change and adapt too. Agricultural sustainability should
not imply simple models or packages to be imposed. Rather it should be seen as a
process of social learning, and emergent technologies fitted to specific local cir-
cumstances. This centres on building the capacity of farmers and their communi-
ties to learn about the complex ecological and biophysical complexity in their
fields and farms, and then to act on this information. The process of learning, if it
is socially embedded and jointly engaged upon, provokes changes in behaviour
and can bring forth a new world (Maturana and Varela, 1992).

What lessons have we learned from programmes that successfully promote
social learning and sustainable natural resource management? The first is that sus-
tainability is an emergent property of systems high in social, human and natural
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capital. When these assets are in decline, then we are retreating from sustainability.
Next is the recognition that farmers can improve their agroecological understanding
of the complexities of their farms and related ecosystems, and that new information
can lead to improved agricultural outcomes. In turn, increased understanding is also
an emergent property, derived in particular from farmers engaging in their own
experimentation, supported by scientists and extensionists, leading to the develop-
ment of novel technologies and practices. These are more likely to spread from
farmer to farmer, and from group to group. These conclusions strongly suggest that
social learning processes should become an important focus for all agricultural and
natural resource management programmes, and that professionals should make
every effort to appreciate both the complementarity of such social processes with
sustainable technology development and spread, and the subtlety and care required
in their implementation.

What can be done both to encourage the greater adoption of group-based
programmes for environmental improvements, and to identify the necessary sup-
port for groups to evolve to maturity, and thence to spread and connect with oth-
ers? Clearly, international agencies, governments, banks and non-government
organizations should invest more in social and human capital creation. It is not costless
to build human capital and establish new forms of organization and social capital. The
main danger lies in being satisfied with any degree of partial progress, and so not going
far enough. Of course, group-based approaches alone are not sufficient conditions
for achieving sustainable natural resource management. Policy reform is an addi-
tional requirement for shaping the wider context, in order to make it more favour-
able to the emergence and sustenance of local groups. This has clearly worked in
countries such as India, Sri Lanka and Australia.

One way to ensure the stability of social connectedness is for groups to work
together by federating to influence district, regional or even national bodies. This
can open up economies of scale to bring greater economic and ecological benefits.
The emergence of such federated groups with strong leadership also makes it easier
for government and non-governmental organizations to develop direct links with
poor and formerly excluded groups, although if these groups were dominated by the
wealthy, the opposite would be true. This could result in greater empowerment of
poor households, as they draw on public services more efficiently. Such intercon-
nectedness between groups is more likely to lead to improvements in natural resources
than regulatory schemes alone (Réling and Wagemakers, 1997; Dobbs and Pretty,
2004).

But this raises further questions. How, too, can policy makers protect existing
programmes in the face of new threats? What will happen to state—community
relations when social capital in the form of local associations and their federated
bodies spreads to very large numbers of people? Will the state colonize these groups,
or will new broad-based forms of democratic governance emerge? Important ques-
tions also relate to the groups themselves. Good programmes may falter if indi-
viduals start to ‘burn out’, feeling that investments in social capital are no longer
paying. It is vitally important that policy makers and practitioners continue to seek
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ways to provide support for the processes that both help groups to form, and help
them mature along the lines that local people desire and need, and from which
natural environments will benefit.

There are also persistent concerns that the establishment of new community
institutions and users’ groups may not always benefit the poor. There are signs that
they can all too easily become a new rhetoric without fundamentally improving
equity and natural resources. If, for example, joint forest management becomes the
new order of the day for foresters, then there is a very real danger that some will
coerce local people into externally run groups so that targets and quotas are met.
This is an inevitable part of any transformation process. The old guard adopts the
new language, implies they were doing it all the time, and nothing really changes.
But this is not a reason for abandoning the new. Just because some groups are
captured by the wealthy, or are run by government staff with little real local par-
ticipation, does not mean that all are fatally flawed. What it does show clearly is
that the critical frontiers are inside us. Transformations must occur in the way we
all think if there are to be real and large-scale transformations in the land and the
lives of people.

Effects of Sustainable Agriculture on Yields

One persistent question regarding the potential benefits of more sustainable agro-
ecosystems centres on productivity trade-offs. If environmental goods and services
are to be protected or improved, what then happens to productivity? If it falls, then
more land will be required to produce the same amount of food, thus resulting in
further losses of natural capital (Green et al, 2005). As indicated earlier, the chal-
lenge is to seek sustainable intensification of all resources in order to improve food
production. In industrialized farming systems, this has proven to be impossible to
do with organic production systems, as food productivity is lower for both crop
and livestock systems (Lampkin and Padel, 1994; Caporali et al, 2003). Nonethe-
less, there are now some 3Mha of agricultural land in Europe managed with certi-
fied organic practices. Some have led to lower energy use (though lower yields
t00); others to better nutrient retention, and some greater nutrient losses (Dal-
gaard et al, 1998, 2002; Loes and Dgaard, 2003; Gosling and Shepherd, 2004),
and some to greater labour absorption (Morison et al, 2005).

Many other farmers have adopted integrated farming practices, which repre-
sent a step or several steps towards sustainability. What has become increasingly
clear is that many modern farming systems are wasteful, as integrated farmers have
found they can cut down many purchased inputs without losing out on profitabil-
ity (EA, 2005). Some of these cuts in use are substantial, others are relatively small.
By adopting better targeting and precision methods, there is less wastage and so
more benefit to the environment. They can then make greater cuts in input use
once they substitute some regenerative technologies for external inputs, such as
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legumes for inorganic fertilizers or predators for pesticides. Finally, they can replace
some or all external inputs entirely over time once they have learned their way into
a new type of farming characterized by new goals and technologies (Pretty and
Ward, 2001).

What is clear is that resource-conserving and regenerative technologies are
spreading. In Denmark, some 150 farms have in-field weather stations to help
predict disease outbreaks in potatoes, leading to cuts in fungicide use, with some
growers able to postpone first applications for five or more weeks. In the UK, some
150,000 hectares of cereal farms were computer-mapped in the early 2000s, ena-
bling inputs to be targeted more precisely and the total use of pesticide and ferti-
lizer to be cut. Also in the UK, three-quarters of crops grown in glasshouses use
natural predators to control pests rather than pesticides. In France, there are 700
farms in the national network researching and implementing ‘agriculture durable’.
In the state of Baden-Wiirttemberg in southern Germany, 100,000 farms are using
sustainable practices and technologies, though not all are integrated at the whole
farm level. In Australia, one third of all farmers are members of Landcare groups.
The organic revolution also continues, with demand from consumers growing,
and the number of farmers converted entirely to organic practices in industrialized
countries continues to grow rapidly.

However, it is in developing countries that some of the most significant progress
towards sustainable agroecosystems has been made in the past decade (Uphoff,
2002; McNeely and Scherr, 2003; Pretty et al, 2003b). The largest study com-
prised the analysis of 286 projects in 57 countries (Pretty et al, 2006). This involved
the use of both questionnaires and published reports by projects to assess changes
over time. As in earlier research (Pretty et al, 2003b), data were triangulated from
several sources, and cross-checked by external reviewers and regional experts. The
study involved analysis of projects sampled once in time (7 = 218) and those sam-
pled twice over a 4-year period (7 = 68). Not all proposed cases were accepted for
the dataset, and rejections were based on a strict set of criteria. As this was a pur-
posive sample of ‘best practice’ initiatives, the findings are not representative of all
developing country farms.

Table 3 contains a summary of the location and extent of the 286 agricultural
sustainability projects across the eight categories of FAO farming systems (Dixon
et al, 2001) in the 57 countries. In all, some 12.6 million farmers on 37 million
hectares were engaged in transitions towards agricultural sustainability in these
286 projects. This is just over 3 per cent of the total cultivated area (1136 million
ha) in developing countries. The largest number of farmers was in wetland rice-
based systems, mainly in Asia (category 2), and the largest area was in dualistic
mixed systems, mainly in southern Latin America (category 6). This study showed
that agricultural sustainability was spreading to more farmers and hectares. In the
68 randomly re-sampled projects from the original study, there was a 54 per cent
increase over the four years in the number of farmers, and 45 per cent in the
number of hectares. These resurveyed projects comprised 60 per cent of the farm-
ers and 44 per cent of the hectares in the original sample of 208 projects.
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Table 3 Summary of adoption and impact of agricultural sustainability technologies
and practices on 286 projects in 57 countries

FAO farm system Number of farmers  Number of hectares Average % increase

category’ adopting under sustainable in crop yields?
agriculture

1. Smallholder irrigated 177,287 357,940 129.8 (=21.5)

2. Wetland rice 8,711,236 7,007,564 22.3 (x2.8)

3. Smallholder rainfed 1,704,958 1,081,071 102.2 (=9.0)

humid

4. Smallholder rainfed 401,699 725,535 107.3 (=14.7)

highland

5. Smallholder rainfed 604,804 737,896 99.2 (x12.5)

dry/cold

6. Dualistic mixed 537,311 26,846,750 76.5 (£12.6)

7. Coastal artisanal 220,000 160,000 62.0 (+20.0)

8. Urban-based and 207,479 36,147 146.0 (+32.9)

kitchen garden

All projects 12,564,774 36,952,903 79.2 (=4.5)

! Farm categories from Dixon et al (2001).
? Yield data from 360 crop-project combinations; reported as % increase (thus a 100% increase
is a doubling of yields). Standard errors in brackets.

For the 360 reliable yield comparisons from 198 projects, the mean relative yield
increase was 79 per cent across the very wide variety of systems and crop types.
However, there was a wide spread in results (Figure 3). While 25 per cent of projects
reported relative yields greater than 2.0 (i.e. 100 per cent increase), half of all the
projects had yield increases of between 18 per cent and 100 per cent. The geomet-
ric mean is a better indicator of the average for such data with a positive skew, but
this still shows a 64 per cent increase in yield. These sustainable agroecosystems
also have positive side effects, helping to build natural capital, strengthen com-
munities (social capital) and develop human capacities (Ostrom, 1990; Pretty,
2003). Examples of positive side effects recently recorded in various developing
countries include:

* improvements to natural capital, including increased water retention in soils,
improvements in water table (with more drinking water in the dry season),
reduced soil erosion combined with improved organic matter in soils, leading
to better carbon sequestration, and increased agro-biodiversity;

* improvements to social capital, including more and stronger social organiza-
tions at local level, new rules and norms for managing collective natural
resources, and better connectedness to external policy institutions;

* improvements to human capital, including more local capacity to experiment
and solve own problems; reduced incidence of malaria in ricefish zones,



Relative change in yield

Overview to Four Volumes: Sustainable Agriculture and Food xxxvii

7
6
1<
5 | crop or type
L4 wheat
q P A
47 ; o> O soybean
1d A oS <o
45;? v < ° A vice
3 -<1<1 >
o <
] potato
g’ <P‘v> > °
27 > e X0 A o V' other legumes
1 © < millet/sorghum
1 1 o208 ﬁp A <>
] > maize
0 . . . . . . . . ¥ cotton
0 2000 4000 6000 8000 10000

Yield before/without project (kg/ha)

Note: Only field crops with n > 9 are shown.

Figure 3 Relationship between relative changes in crop yield after (or with project)

to yield before ( or without project)

increased self-esteem in formerly marginalized groups, increased status of
women, better child health and nutrition, especially in dry seasons, and
reversed migration and more local employment.

What we do not know, however, is the full economic benefits of these spin-offs. In
many industrialized countries, agriculture is now assumed to contribute very little
to GDP, leading many commentators to assume that agriculture is not important
for modernized economies (NRC, 2000). But such a conclusion is a function of
the fact that too few measures are being made of the positive side effects of agricul-
ture (MEA, 2005). In poor countries, where financial support is limited and mar-
kets weak, then people rely even more on the value they can derive from the
natural environment and from working together to achieve collective outcomes.
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Effects of Sustainable Agriculture on Pesticide Use and
Yields

Recent integrated pest management (IPM) programmes, particularly in develop-
ing countries, are beginning to show how pesticide use can be reduced and pest
management practices can be modified without yield penalties (Heong et al, 1999;
Brethour and Weerskink, 2001; Wilson and Tisdell, 2001; Gallagher et al, 2005;
Herren et al, 2005; Pretty and Waibel, 2005). In principle, there are four possible
trajectories of impact if IPM is introduced:

both pesticide use and yields increase (A);
pesticide use increases but yields decline (B);
both pesticide use and yields fall (C);

pesticide use declines, but yields increase (D).

N QN =

The assumption in modern agriculture is that pesticide use and yields are posi-
tively correlated. For IPM, the trajectory moving into sector A is therefore unlikely
but not impossible, for example in low-input systems. What is expected is a move
into sector C. While a change into sector B would be against economic rationale,
farmers are unlikely to adopt IPM if their profits would be lowered. A shift into
sector D would indicate that current pesticide use has negative yield effects or that
the amount saved from pesticides is reallocated to other yield increasing inputs.
This could be possible with an excessive use of herbicides or when pesticides cause
outbreaks of secondary pests, such as observed with the brown plant hopper in rice
(Kenmore et al, 1984).

Figure 4 shows data from 62 IPM initiatives in 26 developing and industrial-
ized countries (Australia, Bangladesh, China, Cuba, Ecuador, Egypt, Germany,
Honduras, India, Indonesia, Japan, Kenya, Laos, Nepal, the Netherlands, Paki-
stan, the Philippines, Senegal, Sri Lanka, Switzerland, Tanzania, Thailand, the
UK, the USA, Vietnam and Zimbabwe) (Pretty and Waibel, 2005). The 62 IPM
initiatives have some 5.4 million farm households on 25.3Mha. The evidence on
pesticide use is derived from data on both the number of sprays per hectare and the
amount of active ingredient used per hectare. This analysis does not include recent
evidence on the effect of some genetically modified crops, some of which result in
reductions in the use of herbicides (Champion et al, 2003) and pesticides (Nuff-
ield Council on Bioethics, 2004), and some of which have led to increases (Ben-
brook, 2003).

There is only one sector B case reported in recent literature (Feder et al, 2004).
Such a case has recently been reported from Java for rice farmers. The cases in sec-
tor C, where yields fall slightly while pesticide use falls dramatically, are mainly
cereal farming systems in Europe, where yields typically fall to some 80 per cent of
current levels while pesticide use is reduced to 10-90 per cent of current levels
(Pretty, 1998; Réling and Wagemakers, 1997). Sector A contains 10 projects where
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total pesticide use has indeed increased in the course of IPM introduction. These
are mainly in zero-tillage and conservation agriculture systems, where reduced till-
age creates substantial benefits for soil health and reduces off-site pollution and
flooding costs. These systems usually require an increased use of herbicides for
weed control (de Freitas, 1999), although there are some examples of organic
zero-tillage systems (Petersen et al, 2000). Over 60 per cent of the projects are in
category D where pesticide use declines and yields increase. While pesticide reduc-
tion is to be expected, as farmers substitute pesticides by information, yield
increases induced by IPM are a more complex issue. It is likely, for example, that
farmers who receive good quality field training will not only improve their pest
management skills but also become more efficient in other agronomic practices
such as water, soil and nutrient management. They can also invest some of the cash
saved from pesticides in other inputs such as higher quality seeds and inorganic
fertilizers.

Effects on Carbon Balances

The 1997 Kyoto Protocol to the UN Framework Convention on Climate Change
established an international policy context for the reduction of carbon emissions



xl Sustainable Agriculture and Food

and increases in carbon sinks in order to address the global challenge of anthropo-
genic interference with the climate system. It is clear that both emission reductions
and sink growth will be necessary for mitigation of current climate change trends
(Watson et al, 2000; IPCC, 2001, 2007; Royal Society, 2001; Swingland, 2003;
Oelbermann et al, 2004). A source is any process or activity that releases a green-
house gas, or aerosol or a precursor of a greenhouse gas into the atmosphere,
whereas a sink is a mechanism that removes these from the atmosphere. Carbon
sequestration is defined as the capture and secure storage of carbon that would
otherwise be emitted to or remain in the atmosphere. Agricultural systems emit
carbon through the direct use of fossil fuels in food production, the indirect use of
embodied energy in inputs that are energy-intensive to manufacture, and the cul-
tivation of soils and/or soil erosion resulting in the loss of soil organic matter.
Agriculture also contributes to climate change through emissions of methane from
irrigated rice systems and ruminant livestock. The direct effects of land use and
land use change (including forest loss) have led to a net emission of 1.7Gt C yr™!
in the 1980s and 1.6Gt C yr' in the 1990s (Watson et al, 2000; Bellamy et al,
2005).

On the other hand, agriculture can also be an accumulator of carbon when
organic matter is accumulated in the soil, and when above-ground biomass acts
either as a permanent sink or is used as an energy source that substitutes for fossil
fuels and so avoids carbon emissions. There are three main mechanisms and 21
technical options (Table 4) through which positive actions can be taken by farmers

by:

A increasing carbon sinks in soil organic matter and above-ground biomass;

B avoiding carbon dioxide or other greenhouse gas emissions from farms by
reducing direct and indirect energy use;

C increasing renewable energy production from biomass that either substitutes
for consumption of fossil fuels or replaces inefficient burning of fuelwood or
crop residues, and so avoids carbon emissions.

Social Outcomes in Developing Countries

At some locations, agroecological approaches have had a significant impact on
labour markets. Some practices result in increased on-farm demand for labour (e.g.
water harvesting in Niger), whilst others actually reduce labour demand (e.g. zero-
tillage in Brazil). Some result in the opening up of whole new seasons for agricul-
tural production, particularly in dryland contexts, through improved harvesting of
rainfall, leading to much greater demand for labour. Migration reversals can also
occur when wage labour opportunities increase as part of the project (e.g. water-
shed improvements), when more productive agriculture leads to higher wages and
employment, when there are higher returns to agriculture, and when there are
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Table 4 Mechanisms for increasing carbon sinks and reducing CO, and other
greenhouse gas emissions in agricultural systems

Mechanism A. Increase carbon sinks in soil organic matter and above-ground biomass

Replace inversion ploughing with conservation- and zero-tillage systems

Adopt mixed rotations with cover crops and green manures to increase biomass
additions to soil

Adopt agroforestry in cropping systems to increase above-ground standing
biomass

Minimize summer fallows and periods with no ground cover to maintain soil
organic matter stocks

Use soil conservation measures to avoid soil erosion and loss of soil organic
matter

Apply composts and manures to increase soil organic matter stocks

Improve pasture/rangelands through grazing, vegetation and fire management
both to reduce degradation and increase soil organic matter

Cultivate perennial grasses (60-80% of biomass below ground) rather than
annuals (20% below ground)

Restore and protect agricultural wetlands

Convert marginal agricultural land to woodlands to increase standing biomass of
carbon

Mechanism B. Reduce direct and indirect energy use to avoid greenhouse gas
emissions (CO,, CH, and N,0)

Conserve fuel and reduce machinery use to avoid fossil-fuel consumption

Use conservation or zero-tillage to reduce CO, emissions from soils

Adopt grass-based grazing systems to reduce methane emissions from ruminant
livestock

Use composting to reduce manure methane emissions

Substitute biofuel for fossil fuel consumption

Reduce the use of inorganic N fertilizers (as manufacture is highly energy-
intensive), and adopt targeted- and slow-release fertilizers

Use integrated pest management to reduce pesticide use (avoid indirect energy
consumption)

Mechanism C. Increase biomass-based renewable energy production to avoid carbon
emissions

Cultivate annual crops for biofuel production, such as ethanol from maize and
sugar cane

Cultivate annual and perennial crops, such as grasses and coppiced trees, for
combustion and electricity generation, with crops replanted each cycle for
continued energy production

Use biogas digesters to produce methane, so substituting for fossil fuel sources
Use improved cookstoves to increase efficiency of biomass fuels

Source: Pretty et al, 2002

overall improvements in village conditions, such as infrastructure and services.
Improvements in urban gardening have led to increases in employment (Funes
et al, 2002).
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There are several documented cases where these approaches have helped to
reverse seasonal or even long-term migration. In the Guinope and Cantarranas
regions of Honduras, families returned from the capital city to take up labour
opportunities brought by rural economic growth centred on improved agricultural
productivity. In India, seasonal migration from a number of rainfed projects (e.g.
in Maharashtra, Gujarat and Tamil Nadu) declined as sufficient water becomes
available to crop in the dry season, with women in particular benefiting from
being able to remain at home all year. In Niger, young men have been able to form
labour-societies to meet the demand for water-harvesting construction, rather than
migrate to the coast for work (Reij, 1996; Bunch and Lopez, 1999; Pretty, 2002;
Kabore and Reij, 2004)

However, in some locations increasing labour requirements may be an imped-
iment to adoption, and farmers may actually desire labour-saving technologies and
practices. All transformations in agricultural systems are costly, thus always miti-
gating against the poorest households and economies. Given the appropriate insti-
tutional conditions, poor households may, however, be able to make use of new
configurations of human and social capital to make more productive use of natural
capital and available technologies. In some areas, but not all, this also means an
increase in on-farm labour requirements. Within households, such additional
labour is often supplied by women rather than men.

Where labour is scarce, such as in HIV-affected populations, or where women
suffer a particularly heavy double load of domestic and agricultural labour, or
when there are significant off-farm labour opportunities (e.g. 52 per cent of rural
household income in Latin America comes from non-agricultural employment)
then technologies for agricultural sustainability will either need to emphasize
labour saving or result in sufficiently high productivity gains that labour can be
hired. Examples of the former include zero-tillage using herbicides for weed con-
trol in Brazil and Argentina, and legumes as green manures and cover crops in
Central America. Examples of the latter include raised-bed vegetable technology
for women’s groups in East Africa and fish-raising in paddy fields in South Asia.

What we do not know is how internal labour markets will affect incentives to
work in agriculture and rural regions, and how best to promote regional rural
development based on agricultural intensification. Sustainable agriculture has the
potential directly and indirectly to influence the health of rural people. In the first
instance, improved food supply throughout the year has a fundamental impact on
health, which in turn allows adults to be more productive, and children to attend
school and still be able to concentrate on learning. In Kenya, for example, the
simple technology of double-dug beds has improved domestic food supply for
several tens of thousands of households by producing a year-round supply of veg-
etables. It is children who have been noted as major beneficiaries.

In some cases, a more sustainable agriculture can also help to remove threats to
health in the environment — such as consumption of mosquito larva by fish in rice
fields — with measurable reductions in malaria incidence recorded in China. In
Jiangsu Province, there has been rapid growth of rice aquaculture: from about
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5000ha in 1994 to 117,000ha of rice—fish, rice—crab and rice—shrimp systems.
Rice yields have increased by 10—15 per cent, but the greatest dividend is in pro-
tein: each mu (one fifteenth of a hectare) can produce 50kg of fish (Li Wenhua,
2001). Additional benefits come from reduced insecticide use, and measured
reductions in malaria incidence owing to fish predation of mosquito larvae.

Sustainable agriculture can also have an indirect effect on reproductive health.
Where women are organized into groups, such as for microfinance delivery (credit
and savings), livestock raising or watershed development, such social capital crea-
tion offers opportunities or ‘entry points’ for other sectors to interact closely with
women. In Ecuador, for example, the World Neighbors (WN) programme work-
ing with remote rural communities on sustainable agriculture and natural resource
management made a substantial impact on family planning. WN actively com-
pared two types of programme in Guaranda canton, Bolivar Province, by working
in six communities that only received health input, and another six that received
an integrated programme involving soil and water conservation, green manures,
vegetable gardening and farmer-experimentation with barley, wheat, maize and
potato varieties, combined with group formation. The health interventions yielded
few results. But the integrated approach brought pronounced changes in attitudes
and values. Contraceptive use in these communities was double that in the ‘health
only’ villages. The family planning clinic, on the verge of closure in 1992, provided
18,000 consultations in 1998 (Ruddell, 1995; Hinchcliffe et al, 1999; Uphoff,
2002).

In Nepal, World Neighbors also found that reproductive health and family
planning were not effective entry points. Instead, women’s reproductive health,
status, work and fertility could be better addressed by forming and working with
women’s savings and credit groups that could participate in planning a wide range
of development activities. Confident groups with better literacy, income and food
security were able to challenge traditional roles and norms, leading to capacity to
deal directly with reproductive health.

In certain circumstances, sustainable agriculture practices appear to be cur-
rently more accessible to larger farmers — particularly the zero-tillage systems in
Argentina, Brazil and Paraguay. However, evidence from Paraguay and Brazil also
suggests that larger numbers of small farmers are now adopting and adapting ele-
ments of these practices. It is important to note that adoption of conservation
agriculture by large farmers may still result in significant regional change: ‘zero-
tillage has been a major factor in changing the top-down nature of agricultural
services to farmers towards a participatory, on-farm approach’ (John Landers, pers.
comm.). But in other contexts, sustainable agriculture has first been adopted by
small farmers, and is only now spreading to larger ones once they have seen the
initial success. In Bangladesh, the rice—fish and rice-IPM technologies were
adopted by very small farmers first, with larger farmers attracted only when success
had been proven.

Can agroecological approaches result in improvements in livelihoods for land-
less families and the core poor? There are three possibilities: improvements to
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labour markets, improved access to land through land reform, or changed social
norms that encourage greater equity and sharing. The first of these seems more likely
than the others — though as noted above, some sustainable agriculture applications
are favoured by farm families precisely because they reduce labour requirements.
There is some evidence that social capital formation can result in new equitable
arrangements within communities. Landless families, for example, have been given
new opportunities to join farmers’ groups in western and central Kenya. Such changes
cannot be directly attributed to sustainable agriculture — rather it is due to changes
in values and norms arising from new configurations of local social capital.

Is There a Place for Genetic Modification?

Only a few years after the development of the first genetically modified crops for
agriculture, opinions on benefits and risk remain sharply divided. Some argue that
genetically modified organisms are safe and essential for world progress; others
state they are not needed, and hold too many risks. The first group believes that
media manipulation and scaremongering are limiting useful technologies; the sec-
ond that scientists, private companies and regulators are understating hazards for
the sake of economic returns.

Neither view is entirely correct, for one simple reason. Genetically modified
organisms are not a single, simple technology (Pretty, 2001; GM Science Review,
2003; Nuffield Council on Bioethics, 2004). Each product brings different poten-
tial benefits for different stakeholders; each poses different environmental and
health risks. It is, therefore, useful to distinguish between different generations of
genetically modified technologies. The first generation technologies came into
commercial use in the late 1990s and early 2000s, and have tended not to bring
distinct consumer benefits, one reason why there is so much current public oppo-
sition. The realization of promised benefits to farmers and the environment has
only been patchy. First generation technologies include herbicide-tolerant crops,
insect-resistant crops, long-life tomatoes, bacteria in containment for the produc-
tion of cheese and washing-powder enzymes, and flowers with amended colour.

The second generation technologies comprise those already developed and
tested, but not yet commercially released on a large scale, either because of uncer-
tainties over the stability of the technology itself, or over concerns for potential
environmental risks. Some of these applications are likely to bring more public and
consumer benefits, and include a range of medical applications. These include
viral resistance in rice, cassava, papaya, sweet potatoes, peppers; nematode resist-
ance in various cereal and other crops, such as banana and potato; frost tolerance
in strawberry, B.z. clover, trees with reduced lignin, vitamin A rice and bio-pharming
with crops and animals for pharmaceuticals.

The third generation technologies are those that are still far from market, but
generally require a better understanding of whole gene complexes that control



Overview to Four Volumes: Sustainable Agriculture and Food xlv

such traits as drought- or salt-tolerance, and nitrogen-fixation. These are likely to
bring more explicit consumer benefits than the first generation. These include
stress tolerance in cereals, such as thermo, salt- and heavy metal-tolerance; drought
resistance; physiological modifications of crops and trees to increase efficiency of
resource use (nutrients, water, light) or delaying of ageing in leaves; neutraceuticals
(crops boosted with vitamins/minerals); vaccine crops (such as banana and potato);
designer crops modified to produce oils or plastics; the development of new mark-
ers to replace antibiotics; and legumes with increased tannins for bloat control in
cattle.

The first generation technologies have tended only to provide substantial pri-
vate benefits for the companies producing them and farmers using them. Many of
the later generation genetically modified organisms are, by contrast, more multi-
functional and public-good oriented, although like all technologies clearly none
are without risk. Modifications of crops with low value in rotations, such as leg-
umes and oats, will make them more attractive to farmers because of high protein
and energy content. Others will be more efficient in nitrogen use, so reducing
nitrate leaching, or modifications of rhizobia could improve the nitrogen-fixing
capacity of a wide range of crops. Both options would reduce the need to use nitro-
gen fertilizers.

Although the pace of change in the development of GM has provoked many
debates, there has been relatively little said about the potential benefits for devel-
oping countries. Many concerns are about important indirect effects, such as the
growing centralization of world agriculture. These represent structural changes in
agriculture in which GM crops are a contributor to change, but not necessarily the
driver. These contested positions raise important questions. Will GM crops con-
tribute to the further promotion of technological approaches to agricultural devel-
opment? Could such technologies bring environmental benefits, and so promote
sustainability? Are GM technologies essential for feeding a hungry world, or is
hunger more a result of poverty, with poor consumers and farmers unable to afford
modern, expensive technologies?

Some say emphatically yes, often raising the spectre of famine and excessive
population growth as a way to gain greater support for GM as a whole. But GM
crops can only help to feed the world if attention is paid to the processes of tech-
nology development, to benefit-sharing, and to low-cost methods of production.
Most commentators agree that food production will have to increase, and that this
will have to come from existing farmland. But past approaches to modern agricul-
tural development have not been successful in all parts of the world.

In most contexts, people are hungry because they are poor. They simply do not
have the money to buy either the food they need or the modern technologies that
could increase their yields. What they need are readily available and cheap means
to improve their farm productivity. So a cereal crop engineered to have bacteria on
the roots to fix free nitrogen from the air, or another with the apomixis trait, would
be a great benefit for poor farmers. But unless such technologies are cheap, they are
unlikely to be accessible to the very people who need them most.
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As indicated earlier, agroecological approaches and agricultural sustainability
are now an increasingly viable option for many farmers in developing and indus-
trialized countries alike. But where there are no alternatives to specific problems,
then GM could bring forth novel and effective options. If research is conducted by
public-interest bodies, such as universities, non-government organizations and
governments themselves, whose concern is to produce public goods, then biotech-
nology could result in the spread of technologies that have immense benefits.

Genetically modified organisms are not a single, homogeneous technology.
Each application brings different potential benefits and risks for different stake-
holders. Regulators, therefore, face special challenges in the face of rapidly devel-
oping technical applications. To date, the general approach to risk assessment in
agriculture as a whole has been to establish rigorous procedures prior to release,
but then to assume that farmers engage in ‘good agricultural practice’. The novel
nature of emerging policies centres on a fundamental shift in risk assessment to a
need to understand the effects of technologies in the field and on the farm. Much
of the harm to the environment arises when technologies, whether pesticides, fer-
tilizers or machinery, are not used in accordance with regulators’ criteria. The
assessment of GMs will, however, now contain new requirements to assess the
effects in the context of diverse farm practices, and how this interaction will affect
desirable environmental outcomes, such as the integrity of local biodiversity. Such
new risk assessments could have a positive side effect by increasing our under-
standing of agricultural-environment interactions in agricultural systems at large.

There are many types of application of biotechnology, and likely to be several
distinct generations of released technologies. It would be wrong, therefore, to gen-
eralize about genetic modification — each application needs to be addressed on a
case-by-case basis. We need to ask questions about who produces each technology
and why; whether it can benefit the poorest, and if so how will they access it; and
whether it will have adverse or positive environmental and health side effects. It is
likely that biotechnology will make some contributions to agricultural sustainabil-
ity, but developing the research systems, institutions and policies to make them
pro-poor will be more difficult.

Policy Challenges

What we do not yet know is whether a transition to sustainable agriculture will
result in enough food to meet the current food needs in developing and industrial-
ized countries, let alone the future needs after continued population growth and the
adoption of more urban and meat-rich diets. But what we are seeing is highly prom-
ising. There is also scope for additional confidence, as evidence indicates that pro-
ductivity can grow over time if natural, social and human assets are accumulated.
Sustainable agriculture systems appear to become more productive when
human capacity increases, particularly in the form of farmers’ capacity to innovate
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and adapt their farm systems for sustainable outcomes. Sustainable agriculture is
not a concretely defined set of technologies, nor is it a simple model or package to
be widely applied or fixed with time. It needs to be conceived of as a process for
social learning. Lack of information on agroecology and necessary skills to manage
complex farms is a major barrier to the adoption of sustainable agriculture.

A problem is that we know much less about these resource-conserving tech-
nologies than we do about the use of external inputs in modernized systems. So it
is clear that the process by which farmers learn about technology alternatives is
crucial. If they are enforced or coerced, then they may only be adopted for a lim-
ited period. But if the process is participatory and enhances farmers’ ecological
literacy of their farms and resources, then the foundation for redesign and con-
tinuous innovation is laid.

The idea of agricultural sustainability, therefore, raises important policy ques-
tions. In particular, should farmers receive public support for the public benefits
they produce in addition to food? Should those that pollute have to pay for restor-
ing the environment and human health? These two principles are called ‘the pro-
vider gets’ and ‘the polluter pays’, and they are important to both industrialized
and developing countries. Three categories of policy instruments are available:
advisory and institutional measures, regulatory and legal measures and economic
instruments. In practice, effective pollution control and supply of desired public
goods requires a mix of all three approaches, together with integration across sec-
tors (MEA, 2005).

Advisory and institutional measures have long formed the backbone of policies
to internalize costs and so prevent agricultural pollution. These rely on the volun-
tary actions of farmers, and are favoured by policy makers because they are cheap
and adaptable. Advice is commonly given in the form of codes of good agricultural
practice, such as recommended rates of application of pesticides and fertilizer, or
measures for soil erosion control. Most governments still employ extension agents
to work with farmers on technology development and transfer. A variety of insti-
tutional mechanisms can also help to increase social capital and the uptake of more
sustainable practices, including encouraging farmers to work together in study
groups, investing in extension and advisory services to encourage greater interac-
tion between farmers and extensionists, and encouraging new partnerships between
farmers and other rural stakeholders, as regular exchanges and reciprocity increase
trust and confidence, and lubricate cooperation.

Regulatory and legal measures are also used to internalize external costs. This
can be done either by setting emissions standards for the discharge of a pollutant,
or by establishing quality standards for the environment receiving the pollutant.
Polluters who exceed standards are then subject to penalties. There are many types
of standards, such as operating standards to protect workers, production standards
to limit levels of contaminants of residues in foods, emissions standards to limit
releases or discharges, such as silage effluents, and environmental quality standards
for undesirable pollutants in vulnerable environments, such as pesticides in
water. But the problem with such regulations is that most agricultural pollutants
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are diffuse, or non-point, in nature. It is impossible for inspectors to ensure com-
pliance on hundreds of thousands of farms in the way that they can with a small
number of factories. Regulations are also used to eliminate certain practices, and
include bans on spraying of pesticides close to rivers and on straw-burning in the
UK, and the mandatory requirement to complete full nutrient accounts for farms,
such as in the Netherlands and Switzerland. A final use for regulations is the des-
ignation and legal protection of certain habitats and species, which are set at
national or international levels.

Economic instruments can be used either to ensure that the polluter bears the
costs of the pollution damage and the abatement costs incurred in controlling the
pollution. They can also be used to reward good behaviour. A variety of economic
instruments are available for achieving internalization, including environmental
taxes and charges, tradable permits and the targeted use of public subsidies and
incentives. Environmental taxes seek to shift the burden of taxation away from
economic ‘goods’, such as labour, towards environmental ‘bads’, such as waste and
pollution. Clearly the market prices for agricultural inputs do not currently reflect
the full costs of their use. Environmental taxes or pollution payments, however,
seek to internalize some of these costs, so encouraging individuals and businesses
to use them more efficiently. Such taxes offer the opportunity of a ‘double divi-
dend’ by cutting environmental damage, particularly from non-point sources of
pollution, whilst promoting welfare. However, many opponents still believe that
environmental taxes stifle economic growth.

There are now a wide range of environmental taxes used by countries in Europe
and North America. These include carbon and energy taxes in Belgium, Denmark
and Sweden; chlorofluorocarbon taxes in Denmark and the US; sulphur taxes in
Denmark, France, Finland and Sweden; nitrogen oxide charges in France and Swe-
den; leaded and unleaded petrol differentials in all EU countries; landfill taxes in
Denmark, the Netherlands and the UK; groundwater extraction charges in the
Netherlands; and sewage charges in Spain and Sweden. However, environmental
taxes have rarely been applied to agriculture, with the notable exception of pesti-
cide taxes in Denmark, Finland, Sweden and in several states of the US; fertilizer
taxes in Austria, Finland, Sweden and again several states of the US; and manure
charges in Belgium and the Netherlands (Ekins, 1999).

The alternative to penalizing farmers through taxation is to encourage them to
adopt non-polluting technologies and practices. This can be done by offering
direct subsidies for adoption of sustainable technologies, and by removing perverse
subsidies that currently encourage polluting activities. An important policy princi-
ple suggests that it is more efficient to promote practices that do not damage the
environment rather than to spend on cleaning up after a problem has been created.
Many governments provide some direct or indirect public support to their domes-
tic agricultural and rural sectors. Increasingly, payments are being shifted away
from being production linked, such as through price support or direct payments,
to being retargeted to support sustainable practices. Generally, though, only small
amounts of total budgets have been put aside for environmental improvements
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through such policies as the US Conservation Reserve Programme, the EU’s agri-
environmental and rural development programmes, and the Australian Landcare
programme. Many now believe that all public support for farming should be
entirely linked to the provision of public environmental and social goods and serv-
ices.

The substantial external costs of modern agriculture, and the known external
benefits of sustainable agricultural systems, pose great challenges for policy mak-
ers. A range of policy reforms could do much to internalize some of these costs and
benefits in prices. In practice, as no single solution is likely to suffice, the key issue
rests on how policy makers choose an appropriate mix of solutions, how these are
integrated, and how farmers, consumers and other stakeholders are involved in the
process of reform itself. Attention will therefore need to be paid to the social and
institutional processes that both encourage farmers to work and learn together,
and result in integrated cross-sectoral partnerships. Policy integration is vital, yet
most policies seeking to link agriculture with more environmentally-sensitive
management are still highly fragmented.
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Jules Pretty

Agricultural Modernization and Interactions with Nature

Agriculture has had many ‘revolutions’ throughout history, from its advent some
8-10,000 years ago to the renowned 17th—19th-century agricultural revolution in
Europe. In the past century, rural environments in most parts of the world have
also undergone massive transformations. In some senses, these have been the most
extraordinary in their speed of spread of new technologies and the far-reaching
nature of their impacts upon social, economic and ecological systems.

Two guiding themes have dominated this period of agricultural and rural
development. One has been the need for increased food production to meet the
needs of growing populations. Governments have intervened to transform tradi-
tional agricultural systems by encouraging the adoption of modern varieties of
crops and modern breeds of livestock, together with associated packages of exter-
nal inputs (such as fertilizers, pesticides, antibiotics, credit, machinery) necessary
to make these productive. In addition, they have supported new infrastructure,
such as irrigation schemes, roads and markets, guaranteed prices and markets for
agricultural produce, as well as a range of other policies. The other theme has been
the desire to prevent the degradation of natural resources, perceived to be largely
caused by growing populations and their bad practices. To conserve natural
resources, governments have encouraged the adoption of soil and water conserva-
tion measures to control soil erosion. They have established grazing management
schemes to control rangeland degradation. They have excluded people from forests
and other sites of high biodiversity to protect wildlife and plants.

According to just these two themes, it would appear that agricultural and rural
development has been remarkably successful. Both food production and the
amount of land conserved have increased dramatically. Although often seen as
mutually exclusive, both have been achieved with largely the same process of mod-
ernization. The approach is firmly rooted in and driven by the enlightenment
tradition of positivist science (Harvey, 1989; Kurokawa, 1991). External actors
identify the problem that needs solving, in these cases too little food or too much
degradation. Their concern is to intervene so as to encourage rural people to change
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their practices. Rational solutions are proposed, and technologies developed. These
technologies, known to work in a research station or other controlled environ-
ments, are assumed to work elsewhere. They are then passed to the mass of rural
people and farmers, and the benefits awaited.

It was Cartesian reductionism and the enlightenment that set the scene for this
approach, largely casting aside the assumed folklore and superstitions of age-old
thinking. A revolution in science occurred in the late 16th and 17th centuries,
largely due to the observations, theories and experiments of Bacon, Galileo, Des-
cartes and Newton, which brought forth mechanistic reductionism, experimental
inquiry and positivist science. These methods brought great progress, and con-
tinue to be enormously important. But one unfortunate side effect has been an
enduring separation of humans from the rest of nature. In the 19th and 20th cen-
turies, wilderness writers, landscape painters, ecologists and farmers sought to
reverse, or at least temper, the dominance of this new thinking. It is, though, in the
indigenous groups of the world that we find surviving examples of close nature—
people connectivity. One of the most comprehensive collections on the diversity of
human cultures and their connectedness with nature and the land is Darrell Posey’s
Cultural and Spiritual Values of Biodiversity (1999). Containing contributions
from nearly three hundred authors from across the world, these highlight ‘the cen-
tral importance of cultural and spiritual values in an appreciation and preservation
of all life’. These voices of the earth demonstrate the widespread intimate connec-
tivity that people have with nature, whether as hunter-gatherers or agricultural-
ists.

Johan Mathis Turi of the Saami reflects on the mutual shaping in the Norwe-
gian arctic: “The reindeer is the centre of nature as a whole and I feel I hunt what-
ever nature gives. Our lives have remained around the reindeer and this is how we
have managed the new times so well. It is difficult for me to pick out specific
details or particular incidences as explanations for what has happened because my
daily life, my nature, is so comprehensive. It includes everything. We say “lotwan-
tua’, which means everything is included.” A similar perspective is put by Gamail-
lie Kilukishah, an Inuit from northern Canada who in translation by Meeka Mike
says, ‘You must be in constant contact with the land and the animals and the
plants... When Gamaillie was growing up, he was taught to respect animals in such
a way as to survive from them. At the same time, he was taught to treat them as
kindly as you would another fellow person.’

Pera of the Bakalaharil tribe in Botswana points to their attitudes in using and
sustaining wild resources: ‘Some of our food is from the wild — like fruits and some
of our meat... We are happy to conserve, but some conservationists come and say
that preservation means that we cannot use the animals at all. To us, preservation
means to use, but with love, so that you can use again tomorrow and the following
year.” Says Cristina Gualinga of the Quicha, ‘Nature, what you call biodiversity, is
the primary thing that is in the jungle, in the river, everywhere. It is part of human
life. Nature helps us to be free, but if we trouble it, nature becomes angry. All living
things are equal parts of nature and we have to care for each other.” Finally, in
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Australia, Henrietta Fourmile of the Polidingi Tribe says: ‘Not only is it the land
and soil that forms our connections with the earth but also our entire life-cycle
touches most of our surroundings. The fact that our people hunt and gather these
particular species on the land means emphasis is placed on maintaining their pres-
ence in the future... What is sometimes called “wildlife” in Australia isnt wild;
rather it’s something that we have always maintained” (all quotes in Posey, 1999).

Part 1: Before Agriculture

For almost all of human history, people have been hunter-gatherers. If, as seems
likely, hominids emerged around 6 million years ago, then some 300,000 genera-
tions passed before agriculture was invented, since when some 500—600 genera-
tions passed until the emergence of the industrialized era. We must have been good
at hunting and gathering, otherwise hominids would never have made it to the
present day. Yet in recent times, hunter-gatherer societies have been characterized
as backward, uncivilized and unable to enter the modern world. After Darwin, the
concept of evolution as a linear and progressive force became widely adopted, and
remains with us today. Jean Lamarck erroneously believed in the inheritance of
acquired characteristics, and he suggested that species strove to evolve greater com-
plexity, and thus the pinnacle of evolution had to be humans.

Later, Social Darwinism came to suggest that nature was more important than
nurture, and that the development of individuals from birth to death (ontogeny)
reflected closely the evolutionary development of species (phylogeny). Such ideas
of progression (implying that the later is better, and the more complex the clev-
erer), were subsequently applied to human societies. Lewis Henry Morgan’s Ancient
Society, published in 1877, suggested seven stages of human cultural evolution,
beginning with lower savagery and progressing through barbarism eventually to
reach civilization. The idea was that all human societies did share a common ances-
tor, but that some groups (or races) were now higher on the ladder than others.
Such ideas fitted very well with prevailing views about the superiority of European
and North American culture, and again came to be widely accepted (though of
course still hotly contested by many). It was not until the later 20th century that
new perspectives began to emerge.

Richard Lee was one of the pioneers of the later 20th century who clearly dem-
onstrated the efficiencies and effectiveness of hunter-gatherer lifestyles. This first
paper is drawn from the classic Man the Hunter (1968), and shows how hunter-
gatherers do not have a precarious existence in which they struggle to survive — the
view that had become common. The hunter-gatherer resource base is ‘at least routine
and reliable and at best surprisingly abundant’. The chapter draws particularly on
evidence from the !Kung Bushmen of the Kalahari Desert, and illustrates in detail
the wide range of food resources used by local people in this extremely challenging
environment. A key finding (again, counter-intuitive to many at the time) was that
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hunter-gatherers have plenty of time for leisure, often working fewer hours than
agriculturalists, and the caloric returns of their activities are good.

Richard Lee and Richard Daly’s later Cambridge Encyclopedia of Hunters and
Gatherers (1999) is an important and comprehensive volume containing case stud-
ies of more than 50 of the world’s remaining hunter and gatherer peoples. These
tell a story of resilience in the face of change, and of the many ways they are
affected by modern problems. Thematic essays discuss prehistory, social life, gen-
der, music and art, food and health, religion and indigenous knowledge. In their
introductory essay, Lee and Daly make the point that the world’s hunter-gatherer
peoples — the Arctic Inuit, Aboriginal Australians, Kalahari San and other similar
groups — represent the oldest and perhaps most successful human adaptation. Until
12,000 years ago, virtually all humanity lived as hunters and gatherers. Yet in
recent centuries they have suffered the ill-effects of modernity. However, fascina-
tion with hunting peoples and their ways of life still remains strong. Hunters and
gatherers stand at the opposite pole from the dense urban life now experienced by
a large proportion of humanity. Yet these same hunters may hold the key to many
contemporary concerns — about diet, politics, communities, physical activity and
relations with nature. A late Australian Aboriginal writer is quoted here, ‘modern
ecology can learn a great deal from a people who managed and maintained their
world so well for 50,000 years’.

The third paper in this section is from Hugh Brodie’s The Other Side of Eden
(2000). His fieldwork experience is mainly from the polar and boreal north, and
he weaves the experiences of native hunter-gatherers into a narrative that reveals a
paradox: agriculture is a settled activity, yet has been fundamentally expansionist;
whereas hunter-gathering is a mobile activity, cultures and communities self-
regulate and stay in the same areas over thousands of years. This points to a prob-
lem — current narratives often describe hunter-gatherers as the backward and
irresponsible peoples, yet left alone they do not seek to impinge on others. This
chapter, entitled Mind, explores some of the differences between communities,
and shows how change has often been destructive to whole hunter-gatherer
peoples. Says Mary Adele, an Innu of Labrador, ‘on the land, we are ourselves. In
the settlements we are lost. That was why they made our minds weak’. Some believe
that hunter-gatherers will inevitably become extinct; others that they represent
ways of living that are instructive. Says Brodie, ‘without hunter-gatherers, human-
ity is diminished and cursed; with them, we can achieve a more complete version
of ourselves’.

The fourth chapter of this opening section focuses on the Innu of northern
Labrador, and analyses the environmental and health benefits of hunting lifestyles
and diets. They have undergone profound transitions in recent decades with impor-
tant implications for conservation, food and health policy. The change from perma-
nent nomadic hunting, gathering and trapping in the country (nuzshimit) to
sedentary village life (known as ‘sedentarization’) has been associated with a marked
decline in physical and mental health. The overarching response of the national gov-
ernment has been to emphasize village-based and institutional solutions. Samson
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and Pretty show that changing the balance back to country-based activities would
address both the primary causes of the crisis and improve the health and well-being
of the Innu. Drawing on ethnographic fieldwork, interviews with Innu older peo-
ple (Tshenut), empirical data on nutrition and activity, and comparative data from
the experiences of other indigenous peoples, they identify biological and environ-
mental transitions of significance to the current plight of the Innu.

They also show that nutrition and physical activity transitions have had major
negative impacts on individual and community health. However, hunting and its
associated social and cultural forms is still a viable option as part of a mixed liveli-
hood and economy in the environmentally significant boreal forests and tundra of
northern Labrador. Cultural continuity through Innu hunting activities is a means
to decelerate, and possibly reverse, their decline. Finally, four new policy areas to
help restore country-based activities are suggested: (i) a food policy for country
food; (ii) an outpost programme; (iii) ecotourism; and (iv) an amended school
calendar.

In the final paper of this section, Luisa Maffi analyses the concept of biocul-
tural diversity and how it relates to current concerns about both ecological and
cultural sustainability. Biocultural diversity draws on anthropological, ethnobio-
logical and ethnoecological insights about the relationships between human lan-
guage, knowledge and practices with the environment. Evidence now indicates
that the idea of the existence of pristine environments unaffected by humans is
erroneous. Humans have maintained, enhanced and even created biodiversity
through culturally diverse practices over many thousands of generations. There are
some suggestions that biodiversity and cultural diversity in the form of linguistic
differences are associated, though at the local level these relationships do not always
stand up to scrutiny. But the role of language is nonetheless critical as a vehicle for
communicating and transmitting cultural values, traditional knowledges and prac-
tices, and thus for mediating human—environment interactions.

Landscapes can be networks of knowledge and wisdom, conveyed by the lan-
guage of local people. But the problem is that many languages are under threat.
There are some 5000-7000 languages spoken today, of which 32 per cent are in
Asia, 30 per cent in Africa, 19 per cent in the Pacific, 15 per cent in the Americas,
and 3 per cent in Europe. Yet only half of these languages are each spoken by more
than 10,000 speakers. Some 90 per cent of all the world’s languages may disappear
in the course of this century — yet these very languages are tied to the creation,
transmission and perpetuation of local knowledge and cultural behaviour. As lan-
guage disappears, so does people’s ability to understand and talk about their worlds.
Natural and cultural continuity are thus connected. The phenomenon of loss has
been called the extinction of experience — and the loss of traditional languages and
cultures may be hastened by environmental degradation.

Yet in many parts of the world, both in developing and industrialized coun-
tries, such traditional ecological knowledge is declining and under threat of extinc-
tion. As humans coevolved with their local environments, and have now come to
be disconnected, so knowledges that coded stories, binding people to place, have
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become less valued. New efforts to analyse biocultural diversity on a country-by-
country basis are reviewed, and despite some important progress in the interna-
tional sphere, such as in the Convention on Biodiversity, the most fundamental
changes must come from ground-up actions.

Part 2: Early Agriculture

Some 10,000 years ago, hunter-gatherers in various parts of the world began to
domesticate some wild plants and animals. These evolved over thousands of sea-
sons under the guidance of people, producing domesticated forms strikingly dif-
ferent from their wild progenitors. Now, wheat, rice, maize, sorghum, barley,
potato, cassava, taro, yam, sweet potato and grain legumes are the main sources of
human nutrition for billions of people. Plant geneticist, Jack Harlan, reflects on
these processes that generated huge reserves of genetic diversity, pointing to the
importance of the intimate knowledge of crops by so-called primitive agricultural
societies. Centres of diversity are found on every continent (except Australia, where
native people did not widely domesticate plants). These centres are characterized
by ancient agriculture, great ecological diversity and great human diversity. Such
centres were first recognized and described by the Russian agronomist N I Vavilov.
This paper goes on to describe contemporary efforts to protect crop genetic diver-
sity in the face of modernizing tendencies to simplify agriculture.

All agricultural systems need water. A few can rely only on rainfall, but most
require some kind of system to manage the collection and delivery of water to
crops and livestock. Karl Wittfogel’s classic Oriental Despotism explored the char-
acteristics of hydraulic economies: they involve a division of labour; they intensify
cultivation; and they necessitate cooperation on a large scale. All three contribute
to the requirement for a particular type of management of both inputs, including
water, and outputs of food to markets and consumers. Water necessitates control,
and some of this has to be very large-scale, both for flood protection (such as in
Egypt or Mesopotamia) and for irrigation management (such as for the rice terrace
cultures of Asia). Cooperation is also essential, as water can be captured by
the more powerful, and tail-enders in irrigation systems can easily go without.
Wittfogel’s contribution is to show how such cooperation easily slips into coer-
cion, with punishment for transgression never really absent. Agrohydraulic socie-
ties also require active timekeeping and calendar-making and close observation of
weather, seasonal patterns and astronomy, as well as the capacity to build canals,
dams, roads and other monuments.

Marcus Porcius Cato lived 234-149 Bc, and was known as the Orator, the
Censor or Cato Major. He was born at Tusculum, some 15km from Rome. His
youth was spent on his father’s farm, and a love for the soil remained with him
though life. He entered the military aged 17 and served in the Second Punic War.
Political offices came later, including the consulship in 195 and the censorship in
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184 Bc. He was always the champion of the common people. Quintilian speaks of
Cato’s great versatility as a general, philosopher, orator, historian and expert on
agriculture. De Agri Cultura resembles a farmer’s notebook, and constitutes the
earliest surviving specimen of connected prose. Although haphazard in style, it
contains many long-standing truths, including on the first page, ‘And when they
would praise a worthy man, their praise took this form: good husbandman, good
farmer; one so praised was thought to have received the greatest commendation’.

Marcus Terentius Varro was born more than 30 years after Cato’s death, and
lived 116-27 BC. He was born in Reate, where Cato’s father had his farm, and
devoted his life to literature and the antiquities. Under the political banner of
Pompey, he held the offices of tribune, aedile and praetor. He came into conflict
with Caesar for twice supporting Pompey, was later forgiven and then commanded
by Caesar to supervise the great library. Varro claimed by his 78th year to have
written several hundred books, but only six survive. The Res Rusticae was begun in
Varro’s 80th year, and it contains perhaps the earliest suggestion of the importance
of sustainability in farming. Identified first by Gordon Conway, a section in Varro’s
third book states that ‘agriculture is not only an art, but an important and noble
art. It is, as well, a science, which teaches what crops are planted in each kind of
soil ... in order that the land may regularly produce the largest crops (quo terra
maximos perpetuo reddat fructus)’.

Li Wenhua provides an historical review of the emergence of agroecological
farming systems in China. As he says, ‘for thousands of years, Chinese philoso-
phers have pondered on the harmonious relationship between humans, nature and
the environment’. As a result, many effective technologies and practices have been
developed (and also forgotten), some of which are now being championed today.
It is in China that there is the greatest and most continuous record of agriculture’s
development. He dates the earliest records of integrated crop, tree, livestock and
fish farming to the Shang-West Zhou Dynasties of 1600-800 Bc. Later Mensius
said in 400 BC, ‘if a family owns a certain piece of land with mulberry trees around
it, a house for breeding silkworms, domesticated animals raised in its yard for
meat, and crop fields cultivated and managed properly for cereals, it will be pros-
perous and will not suffer starvation’. In one of the earliest recognitions of the need
for the sustainable use of natural resources, he also said, ‘if the forests are timely
felled, then an abundant supply of timber and firewood is ensured, if the fishing
net with relatively big holes is timely cast into the pond, then there will be no
shortage of fish and turtle for use’.

Still later, other treatises such as the collectively written Li Shi Chun Qiu (239
BC) and the Qi Min Yao Shu by Jia Sixia (600 AD) celebrated the fundamental value
of agriculture to communities and economies, and documented the best approaches
for sustaining food production without damage to the environment. These
included rotation methods and green manures for soil fertility, the rules and norms
for collective management of resources, the raising of fish in rice fields, and the use
of manures. Li Wenhua indicates that, ‘these present a picture of a prosperous,
diversified rural economy and a vivid sketch of pastoral peace’. The chapter goes
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on to describe the emergence of modern integrated farming systems, including the
innovative eco-county programme promoted by the Chinese government from
1994 onwards. Ecological agriculture, with a long history of development in
ancient China, is now being ‘enriched and upgraded with the progress of modern
science and technology, and has gradually become a real approach for sustainable
agriculture’.

In 1911, F H King’s Farmers of Forty Centuries was first published, showing for
the first time to the Western world many of the details of agricultural practices and
customs of China, Korea and Japan. At that time, the US was ‘as yet a nation of
but few people widely scattered over a broad land’, and yet the ancient cultures of
the Far East had been intensively farming for several thousand years on the same
land. Here, then, is an early indication of the importance and relevance of sustain-
ability, not that King used this term. Sustainability at least implies being able to do
the same thing over long periods of time without causing harm to the environ-
ment, and King in his travels came to realize this was precisely what farmers in
these three countries had been doing for at least 40 centuries. Many factors were
important, including careful selection of crops and livestock breeds, water man-
agement and soil fertility maintenance. Manures from both animals and humans
were widely used, soil amendments of canal mud regularly dredged and applied to
fields, and nitrogen-fixing legumes were widespread in a variety of rotation pat-

terns. King indicates, ‘almost every foot of land is made to contribute material for
food, fuel or fabric’.

Part 3: Agricultural Revolutions and Change

The landscape itself is a type of common property. It can be enjoyed and appreci-
ated by many if, of course, they are allowed to access it. The idea of commons
implies jointness, something people can enjoy either collectively or individually
and from which they derive value. Over the centuries, two types of common man-
agement emerged in Europe. These were for the common or open-field system of
cropland, which persisted for a thousand years, and the common management of
wild resources, woodlands, pastures, wastes, rivers and coasts. In these systems,
local people held rights for grazing, cutting peat for fuel (turbaries), cutting timber
for housing (estovers), grazing acorns and beech mast (pannage), and fishing (pis-
cary).

Opver the years, though, both types of common came to be steadily enclosed
and privatized, mostly as a result of the actions of landowners and the state driven
by the prevailing view that commons were inefficient. The result was an extraordi-
nary transformation of the landscape, particularly in the 18th and early 19th cen-
turies. In the UK, local enclosure had been occurring up to the 17th century, but
the process accelerated with the introduction of parliamentary inclosure acts, dat-
ing from the early 18th century and continuing through 2750 Acts to 1845, the
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date of the last general Inclosure Act. At the same time, wastes, heaths, moors and
commons were enclosed through 1800 Acts between 1760 and the 1840s. Com-
missioners with extensive powers were appointed to redesign the landscape in more
than 3000 parishes. As a result, 2.75 million hectares of common land were
enclosed, comprising 1.82 million hectares of open-field arable, and 0.93 million
hectares of so-called wastes. To put this in perspective, there are about 18 million
hectares of agricultural land in the UK, of which just 4 million are currently under
arable farming, and about half a million still under common land.

In the first paper of this section, Michael Turner and colleagues analyse open-
field agriculture of 17th and 18th century England, and show how collective com-
munity action had developed to protect scarce resources, and how pressure upon
these resources through changing economic and demographic conditions inspired
communities to develop and promote sustainable methods of husbandry and man-
agement. They show how ecological integrity and equitable ownership in decision
making went hand-in-hand. This is in stark contrast to the dominant narrative of
the time — that the commons were inefficient and backward.

The next paper describes the elements of the agricultural change in 17th—18th-
century Europe in what has generally come to be called 7he Agricultural Revolu-
tion. During a period where there was no government ministry of agriculture, no
national agricultural research or extension agencies, no radio or TV, no pesticides
or inorganic fertilizers, and poor rural transport infrastructure, aggregate cereal
and livestock production increased to unprecedented levels. In the 150 years after
1700, wheat production in Britain increase four-fold, and barley and oats three-
fold; the number of cattle supplied to markets tripled and sheep doubled. Two
components were vital: a wide range of innovative technologies were developed by
farmers, and then these were spread to other farmers through tours, farmer groups,
open days and publications, and then adapted to local conditions by rigorous
experimentation. New crops offered diversification opportunities to farmers by
allowing intensification of land use. Increased fodder supply meant more livestock,
and so increased the supply of manure to improve soil fertility. Selective breeding
of livestock produced more efficient conversion of feed to meat, so permitting
slaughter at an earlier age and higher stocking rates. New labour-saving machinery
released farmers from labour-bottlenecks at cereal and hay harvests, and new tools
and techniques improved the efficiency of seed saving. Farmers widely experi-
mented with livestock breeding, irrigation, drainage, handtools and pest control.

The Green Revolution of the latter half of the 20th century was another sig-
nificant agricultural revolution. Without it, poverty and hunger would be much
more widespread, especially as it coincided with a period of rapid worldwide pop-
ulation growth. In this chapter, drawn from Gordon Conway’s Doubly Green Revo-
lution, the factors of success of the green revolution are discussed and analysed.
Fundamental to success was the application of modern science and technology to
the task of getting crops to yield more. The success of the green revolution lay in
its simplicity. Agricultural scientists bred new varieties of staple cereals that matured
quickly, so permitting two or three crops to be grown each year; that were day-
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length insensitive, so could be extended to farmers at a wide range of latitudes; and
that were producers of more grain at the expense of straw. They were also much
more nitrogen-responsive than traditional varieties. These modern varieties were
distributed to farmers together with inputs, including inorganic fertilizers, pesti-
cides, machinery, credit and water regulation. These technical innovations were
then implemented in the best favoured agroclimatic regions and for those classes
of farmers with the best expectations of and means for realizing the potential yield
increases.

Conway draws attention to the limitations of the green revolution — its impact
on the poor has been less than expected, it has not reduced natural resource degra-
dation, its geographic impact has been localized, and there are signs of diminishing
returns. In particular, the green revolution missed many agricultural systems which,
until recently, represent a largely forgotten agriculture. These tend to be located in
the drylands, wetlands, uplands, savannas, swamps, near-deserts, mountains and
hills, and forests. Farming systems in these areas are complex and diverse, agricul-
tural yields are low, and rural livelihoods are often dependent on wild resources as
well as agricultural produce. They are remote from markets and infrastructure;
they are located on fragile or problem soils; and less likely to be visited by agricul-
tural scientists and extension workers or studied in research institutions. The poor-
est countries tend to have higher proportions of these agricultural systems.

James Scott’s book Seeing Like a State deploys the Greek term miezis to describe
‘forms of knowledge embedded in local experience’. Metis is normally translated as
meaning ‘cunning’ or ‘cunning intelligence’, but Scott says this fails to do justice
to a range of practical skills and acquired intelligence represented by the term. He
contrasts such metis with the ‘more general, abstract knowledge displayed by the
state and its technical agencies’ by describing villagization in Tanzania and Ethio-
pia, Soviet collectivization, the emergence of high-modernist cities and the wide-
spread standardization of agriculture. Failures come when meétis is designed out, as
the state rarely makes the kinds of necessary daily adjustments required for the
effective working of systems. Metis, he says, is ‘plastic, local and divergent... It is in
fact the idiosyncrasies of métis, its contextualities, and its fragmentation that make
it so permeable, so open to new ideas’.

This particular chapter explores the Soviet collectivization project, and shows
how high modernism was implemented by thinking big. Nearly everything was
planned on a monumental scale — from cities, buildings, construction projects and
collectivization of agriculture through rationalization and industrialization. Many
of these ideas were imported from the US by Russian agronomists and engineers
in the 1920s and 1930s. Some of the resulting projects were enormous. One
Sovkhoz collective farm established 1600km south of Moscow cropped 150,000
hectares of solely wheat culture — and was later found to be an abject failure. The
state prosecuted a ‘war’ against the peasantry in the period of 1930-1934 in order
to liquidate the kulaks (peasant farmers) and enforce collectivization. The ensuing
famine resulted in a death toll of at least 3—4 million people, and possibly as many
as 20 million.
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In the final chapter of this section, Pedro Sanchez and colleagues set out the
themes and challenges for alternatives to slash-and-burn agriculture. Known also
as shifting, swidden, milpa, shamba, jhum and kaingin agriculture, slash-and-burn
has long been a sustainable and persistent form of agricultural system in the forests
of the tropics and sub-tropics. Trees are cleared, crops grown for 1-2 years, live-
stock then grazed, and then the community moves to cut another area of the for-
est. Provided they do not return for 20-30 years to the same plot, then sufficient
time elapses for the forest fully to regenerate, and the system can persist over long
periods. But when total forest cover declines, through logging, ranching or other
development projects, or population increases, then the rotation cycle shortens,
and the system cannot retain its fertility and success. In some quarters, small farm-
ers engaged in slash-and-burn are blamed for the destruction of tropical rainfor-
ests, but in truth it is other pressures that have made their management systems no
longer viable. This chapter documents the recent international efforts to produce
effective alternatives to slash and burn for the roughly 40 million people (2 per
cent of the world’s agricultural population in the tropics) of Latin America, Africa
and Asia who currently rely on these systems of management. Lands can be reha-
bilitated with the right scientific and technological innovations, as well as the
appropriate social, economic and policy support.

Part 4: Modern Agricultural Reforms

The knowledge that soil erosion was both costly and damaging was first appreci-
ated on a wide scale by agricultural authorities in the US and colonial Africa and
India in the early part of the 20th century. They took the view that farmers were
mismanagers of soil and water, and so had to be encouraged to adopt conserving
practices. Erosion was considered a technical problem requiring only technical
action, and so authorities encouraged farmers to construct terraces, bunds (embank-
ments of soil), ditches and drains, and to adopt alternative cropping patterns and
contour planting. They also resettled people to discourage the use of certain lands,
and destocked other regions of livestock to reduce grazing pressure.

The first chapter in this section by Pretty and Shah describes how this style of
intervention was first established in the US. It emerged followed the period of
severe wind erosion and dust storms that came to be known as the Dust Bowl of
the early 1930s. Even though there were subsidies to encourage farmers to adopt
new measures, authorities were granted wide-ranging powers to enforce land use
regulations. This pattern of intervention was then repeated by colonial authorities
in Africa and Asia. Early regulations had been adapted to local conditions and were
grounded in farming and grazing practice. But later, administrators travelling to
the US saw the devastation, and brought back recommendations for large-scale
bunding and ridging, combined with contour ploughing and planting. Locally
adapted practices were largely ignored, even though they were more effective in
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droughts. These measures were imposed on farmers, who were then monitored
closely to ensure their compliance. In some countries, this meant the compulsory
resettlement of many people to new villages.

This has been the style for many soil conservation programmes. Technologies
known to work under certain conditions are widely used or recommended, and
backed up by local and national policies that give powers to the state to execute
specified improvements on farmers’ fields and to allocate the costs of these improve-
ments between the farmers and the state. In many places, provisions have been
made for compulsory treatment of the fields of farmers refusing land treatment.
This has led to increased alienation with, for example, people uprooting planta-
tions and destroying fencing and conservation measures. The quantitative achieve-
ments of conventional soil conservation programmes can appear impressive.
Throughout the world, terraces have been built, trees planted and farmers trained
on a massive scale. Yet these results have often been short-lived, tending to occur
only within project boundaries and before project completion. If performance is
measured over long periods, the results have been extraordinarily poor for the
amount of effort and money expended: technologies have neither persisted nor
spread independently into non-project areas.

In the second paper, Erick Fernandes and colleagues summarize the types of
transitions effected by the Green Revolution, and then set out a vision for agricul-
ture centred on field-culture, with sensitivities towards patterns in space and time.
Monocultures are often erroneously seen as real agriculture, yet it is polycultures
that have long offered rural people opportunities to maintain on-farm diversity of
products and their functions. Multifunctional systems with many components are
more resilient and meet many needs compared with mono-functional systems.
This chapter sets out four ideas that need revising: that pest control always needs
pesticides, that soil fertility constraints always need chemical fertilizers, that solv-
ing water problems needs new irrigation, and that raising productivity only needs
genetic and breeding approaches. There are many productive opportunities that
can arise by adopting more biological and people-centred approaches to agricul-
tural development and its sustainability.

The third paper is the second of two chapters from Li Wenhuas 2001 book on
agroecological farming systems in China. This long chapter contains considerable
detail on integrated farming systems at different scales from homestead gardens,
eco-villages, eco-counties and forest shelterbelts. All contain many significant
innovations of relevance to many systems elsewhere in the world. Most rural fam-
ilies in China have very small amounts of land, on average 0.02ha per household,
and so their approaches need to be intensive, make effective use of all resources,
and above all produce enough food. Of particular importance are the sections on
eco-villages and eco-counties. Both represent geographically integrated efforts of
what is called ecological engineering in China.

The benefits of integrated systems for local people and the environment can be
substantial — more income from the vegetables, better and more diverse food, reduced
costs for fertilizers, reduced workload for women, and better living conditions in the
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house and kitchen. The Ministry promotes a variety of integrated models across
the country, involving mixtures of biogas digesters, fruit and vegetable gardens,
underground water tanks, solar greenhouses, solar stoves and heaters, and pigs and
poultry. These are fitted to local conditions. Whole integrated systems are now
being demonstrated across many regions of China, and altogether 8.5 million
households have biogas digesters. The target for the coming decade is the construc-
tion of another one million digesters per year. As the systems of waste digestion
and energy production are substituting for fuelwood, coal or inefficient crop-
residue burning, the benefits for the natural environment are substantial — each
digester saves the equivalent of 1.5 tonnes of wood per year, or 3-5mu of forest.
Each year, these biogas digesters are effectively preventing 6-7 million tonnes of
carbon from being emitted to the atmosphere.

Biotechnology remains a controversial topic in agricultural development. Some
believe it represents huge risks to agricultural and natural systems; others indicate
that such new technologies are essential for agricultural development. Neither view
is entirely correct, as biotechnology, and particularly genetic modification, is not
one thing, but a wide variety of technologies that represent different potential
benefits and risks. Thus assessment should be on a case-by-case basis so that useful
technologies are able to be used by farmers, and potentially harmful ones not
approved for cultivation. In this paper, Doreen Mnyulwa and Julius Mugwagwa
review agricultural biotechnology and its safety mechanisms across southern Africa.
Only in South Africa itself have GM crops been commercially cultivated to date,
and these are already proving beneficial to small farmers. Some of these technolo-
gies have been developed within South Africa with domestic government support.
Yet the murky interface between food aid, international politics, science and regu-
lations remains complex, particularly over the potential ‘dumping’ of GM food aid
to the region.

The final chapter of this volume is drawn from Michael Bell’s excellent account
of the transformations brought about by the Practical Farmers of Iowa (PFI).
Formed to develop and spread new ideas for sustainable farming, this organization
is run by farmers for themselves. They saw that big agriculture was no longer the
success it made itself out to be, and realized they needed to help themselves by
developing new ways of collaborating and generating new effective farming meth-
ods. But PFI is about much more than that. Bell begins by recalling a conversation
with Dick Thompson, who has more than 20 years of innovation on his farm.
Thompson says you should ‘get along, but don’t go along’. Get along by working
with others, emphasizing the importance of communication and dialogue. Don’t
go along by not just following what others do — then adapt, change, evolve and be
in control. This suggests a very different model for post- or non-modern agricul-
ture. Not the land of monocultures and monologues, of simple diffusion of ideas
and adoption of without thinking. Here is an approach to cultivation that embraces
the creativity of difference and openness, a project that will never be finished. As
Bell says, ‘let us put the culture back in agriculture of all farms and all places’.
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What Hunters Do for a Living, or, How to
Make Out on Scarce Resources

Richard B. Lee

The current anthropological view of hunter-gatherer subsistence rests on two ques-
tionable assumptions. First is the notion that these peoples are primarily depend-
ent on the hunting of game animals, and second is the assumption that their way
of life is generally a precarious and arduous struggle for existence.

Recent data on living hunter-gatherers (Meggitt, 1964b; Service, 1960) show
a radically different picture. We have learned that in many societies, plant and
marine resources are far more important than are game animals in the diet. More
important, it is becoming clear that, with a few conspicuous exceptions, the hunter-
gatherer subsistence base is at least routine and reliable and at best surprisingly
abundant. Anthropologists have consistently tended to under-estimate the viabil-
ity of even those ‘marginal isolates” of hunting peoples that have been available to
ethnographers.

The purpose of this paper is to analyse the food getting activities of one such
‘marginal’ people, the !Kung Bushmen of the Kalahari Desert. Three related ques-
tions are posed: How do the Bushmen make a living? How easy or difficult is it for
them to do this? What kinds of evidence are necessary to measure and evaluate the
precariousness or security of a way of life? And after the relevant data are presented,
two further questions are asked: What makes this security of life possible? To what
extent are the Bushmen typical of hunter-gatherers in general?

Bushman Subsistence

The 'Kung Bushmen of Botswana are an apt case for analysis." They inhabit the
semi-arid north-west region of the Kalahari Desert. With only six to nine inches of

Lee R B. 1968. What hunters do for a living, or, how to make out on scarce resources. In Lee R and
Devore E. Man the Hunter. Aldine, Chicago, 30-48. Copyright © 1968 by Aldine Publishers.

Reprinted by permission of Aldine Transaction, a division of Transaction Publishers.
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rainfall per year, this is, by any account, a marginal environment for human habi-
tation. In fact, it is precisely the unattractiveness of their homeland that has kept
the !Kung isolated from extensive contact with their agricultural and pastoral
neighbours.

Fieldwork was carried out in the Dobe area, a line of eight permanent water-
holes near the South-West Africa border and 125 miles south of the Okavango
River. The population of the Dobe area consists of 466 Bushmen, including 379
permanent residents living in independent camps or associated with Bantu cattle
posts, as well as 87 seasonal visitors. The Bushmen share the area with some 340
Bantu pastoralists largely of the Herero and Tswana tribes. The ethnographic
present refers to the period of fieldwork: October 1963—January, 1965.

The Bushmen living in independent camps lack firearms, livestock and agri-
culture. Apart from occasional visits to the Herero for milk, these [Kung are entirely
dependent upon hunting and gathering for their subsistence. Politically they are
under the nominal authority of the Tswana headman, although they pay no taxes
and receive very few government services. European presence amounts to one
overnight government patrol every six to eight weeks. Although Dobe-area !Kung
have had some contact with outsiders since the 1880s, the majority of them con-
tinue to hunt and gather because there is no viable alternative locally available to
them.?

Each of the 14 independent camps is associated with one of the permanent
waterholes. During the dry season (May—October) the entire population is clus-
tered around these wells. Table 1.1 shows the numbers at each well at the end of
the 1964 dry season. Two wells had no camp resident and one large well supported
five camps. The number of camps at each well and the size of each camp changed
frequently during the course of the year. The ‘camp’ is an open aggregate of coop-
erating persons which changes in size and composition from day to day. Therefore,
I have avoided the term ‘band’ in describing the !Kung Bushman living groups.?

Table 1.1 Number and distribution of resident Bushmen and Bantu by waterhole®

Name of No. of camps Population  Other Bushmen  Total Bushmen  Bantu
waterhole of camps

Dobe 2 37 — 37 —
langwa 1 16 23 39 84
Bate 2 30 12 42 21
lubi 1 19 — 19 65
lgose 3 52 9 61 18
/ai/ai 5 94 13 107 67
Ixabe — — 8 8 12
Mahopa — — 23 23 73
Total 14 248 88 336 340

Note: * Figures do not include 130 Bushmen outside area on the date of census.
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Each waterhole has a hinterland lying within a six-mile radius which is regu-
larly exploited for vegetable and animal foods. These areas are not territories in the
zoological sense, since they are not defended against outsiders. Rather they consti-
tute the resources that lie within a convenient walking distance of a waterhole. The
camp is a self-sufficient subsistence unit. The members move out each day to hunt
and gather, and return in the evening to pool the collected foods in such a way that
every person present receives an equitable share. Trade in foodstuffs between camps
is minimal; personnel do move freely from camp to camp, however. The net effect
is of a population constantly in motion. On the average, an individual spends a
third of his time living only with close relatives, a third visiting other camps, and
a third entertaining visitors from other camps.

Because of the strong emphasis on sharing, and the frequency of movement,
surplus accumulation of storable plant foods and dried meat is kept to a mini-
mum. There is rarely more than two or three days’ supply of food on hand in a
camp at any time. The result of this lack of surplus is that a constant subsistence
effort must be maintained throughout the year. Unlike agriculturalists who work
hard during the planting and harvesting seasons and undergo ‘seasonal unemploy-
ment’ for several months, the Bushmen hunter-gatherers collect food every third
or fourth day throughout the year.

Vegetable foods comprise from 60—80 per cent of the total diet by weight, and
collecting involves two or three days of work per woman per week. The men also
collect plants and small animals but their major contribution to the diet is the
hunting of medium and large game. The men are conscientious but not particu-
larly successful hunters; although men’s and women’s work input is roughly equiv-
alent in terms of man-day of effort, the women provide two to three times as much
food by weight as the men.

Table 1.2 summarizes the seasonal activity cycle observed among the Dobe-
area !Kung in 1964. For the greater part of the year, food is locally abundant and
easily collected. It is only during the end of the dry season in September and Octo-
ber, when desirable foods have been eaten out in the immediate vicinity of the
waterholes that the people have to plan longer hikes of 10-15 miles and carry their
own water to those areas where the mongongo nut is still available. The important
point is that food is a constant, but distance required to reach food is a variable; it
is short in the summer, fall and early winter, and reaches its maximum in the
spring.

This analysis attempts to provide quantitative measures of subsistence status
including data on the following topics: abundance and variety of resources, diet
selectivity, range size and population density, the composition of the work force,
the ratio of work to leisure time, and the caloric and protein levels in the diet. The
value of quantitative data is that they can be used comparatively and also may be
useful in archaeological reconstruction. In addition, one can avoid the pitfalls of
subjective and qualitative impressions; for example, statements about food ‘anxi-
ety’ have proven to be difficult to generalize across cultures (see Holmberg, 1950;

and Needham’s critique, 1954).
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Abundance and variety of resources

It is impossible to define ‘abundance’ of resources absolutely. However, one index
of relative abundance is whether or not a population exhausts all the food available
from a given area. By this criterion, the habitat of the Dobe-area Bushmen is abun-
dant in naturally occurring foods. By far the most important food is the Mon-
gongo (mangetti) nut (Ricinodendron rautanenii Schinz). Although tens of
thousands of pounds of these nuts are harvested and eaten each year, thousands
more rot on the ground each year for want of picking.

The mongongo nut, because of its abundance and reliability, alone accounts for
50 per cent of the vegetable diet by weight. In this respect it resembles a cultivated
staple crop such as maize or rice. Nutritionally it is even more remarkable, for it
contains five times the calories and ten times the proteins per cooked unit of the
cereal crops. The average daily per-capita consumption of 300 nuts yields about
1260 calories and 56 grammes (g) of protein. This modest portion, weighing only
about 7.5 ounces, contains the caloric equivalent of 2.5 pounds of cooked rice and
the protein equivalent of 14 ounces of lean beef (Watt and Merrill, 1963).

Furthermore the mongongo nut is drought resistant and it will still be abun-
dant in the dry years when cultivated crops may fail. The extremely hard outer
shell protects the inner kernel from rot and allows the nuts to be harvested for up
to 12 months after they have fallen to the ground. A diet based on mongongo nuts
is in fact more reliable than one based on cultivated foods, and it is not surprising,
therefore, that when a Bushman was asked why he hadn’t taken to agriculture he
replied: “Why should we plant, when there are so many mongongo nuts in the
world?’

Apart from the mongongo, the Bushmen have available 84 other species of
edible food plants, including 29 species of fruits, berries and melons and 30 species
of roots and bulbs. The existence of this variety allows for a wide range of alterna-
tives in subsistence strategy. During the summer months the Bushmen have no
problem other than to choose among the tastiest and most easily collected foods.
Many species, which are quite edible but less attractive, are bypassed, so that gath-
ering never exhausts #// the available plant foods of an area. During the dry season
the diet becomes much more eclectic and the many species of roots, bulbs and
edible resins make an important contribution. It is this broad base that provides an
essential margin of safety during the end of the dry season when the mongongo
nut forests are difficult to reach. In addition, it is likely that these rarely utilized
species provide important nutritional and mineral trace elements that may be lack-
ing in the more popular foods.

Diet selectivity

If the Bushmen were living close to the ‘starvation’ level, then one would expect
them to exploit every available source of nutrition. That their life is well above this
level is indicated by the data in Table 1.3. Here all the edible plant species are
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arranged in classes according to the frequency with which they were observed to be
eaten. It should be noted, that although there are some 85 species available, about
90 per cent of the vegetable diet by weight is drawn from only 23 species. In other
words, 75 per cent of the listed species provide only 10 per cent of the food
value.

In their meat-eating habits, the Bushmen show a similar selectivity. Of the 223
local species of animals known and named by the Bushmen, 54 species are classi-
fied as edible, and of these only 17 species were hunted on a regular basis.* Only a
handful of the dozens of edible species of small mammals, birds, reptiles and insects
that occur locally are regarded as food. Such animals as rodents, snakes, lizards,
termites and grasshoppers, which in the literature are included in the Bushman
dietary (Schapera, 1930), are despised by the Bushmen of the Dobe area.

Range size and population density

The necessity to travel long distances, the high frequency of moves, and the main-
tenance of populations at low densities are also features commonly associated with
the hunting and gathering way of life. Density estimates for hunters in western
North America and Australia have ranged from 3 persons/square mile to as low as
1 person/100 square miles (Kroeber, 1939; Radcliffe-Brown, 1930). In 1963—
1965, the resident and visiting Bushmen were observed to utilize an area of about
1000 square miles during the course of the annual round for an effective popula-
tion density of 41 persons/100 square miles. Within this area, however, the amount
of ground covered by members of an individual camp was surprisingly small. A
day’s round-trip of 12 miles serves to define a ‘core’ area 6 miles in radius sur-
rounding each water point. By fanning out in all directions from their well, the
members of a camp can gain access to the food resources of well over 100 square
miles of territory within a two-hour hike. Except for a few weeks each year, areas
lying beyond this 6-mile radius are rarely utilized, even though they are no less rich
in plants and game than are the core areas.

Although the Bushmen move their camps frequently (five or six times a year)
they do not move them very far. A rainy season camp in the nut forests is rarely
more than 10 or 12 miles from the home waterhole, and often new campsites are
occupied only a few hundred yards away from the previous one. By these criteria,
the Bushmen do not lead a free-ranging nomadic way of life. For example, they do
not undertake long marches of 30 to 100 miles to get food, since this task can be
readily fulfilled within a day’s walk of home base. When such long marches do
occur they are invariably for visiting, trading and marriage arrangements, and
should not be confused with the normal routine of subsistence.

Demographic factors

Another indicator of the harshness of a way of life is the age at which people die.
Ever since Hobbes characterized life in the state of nature as ‘nasty, brutish and
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short, the assumption has been that hunting and gathering is so rigorous that
members of such societies are rapidly worn out and meet an early death. Silber-
bauer, for example, says of the Gwi Bushmen of the central Kalahari that ‘life
expectancy ... is difficult to calculate, but I do not believe that many live beyond

45’ (1965, p17). And Coon has said of the hunters in general:

The practice of abandoning the hopelessly ill and aged has been observed in many parts
of the world. It is always done by people living in poor environments where it is neces-
sary to move about frequently to obtain food, where food is scarce, and transportation
difficult ... Among peoples who are forced to live in this way the oldest generation, the
generation of individuals who have passed their physical peak is reduced in numbers
and influence. There is no body of elders to hand on tradition and control the affairs of
younger men and women, and no formal system of age grading (1948, p55).

The 'Kung Bushmen of the Dobe area flatly contradict this view. In a total popula-
tion of 466, no fewer than 46 individuals (17 men and 29 women) were deter-
mined to be over 60 years of age, a proportion that compares favourably to the
percentage of elderly in industrialized populations.

The aged hold a respected position in Bushman society and are the effective
leaders of the camps. Senilicide is extremely rare. Long after their productive years
have passed, the old people are fed and cared for by their children and grandchil-
dren. The blind, the senile and the crippled are respected for the special ritual and
technical skills they possess. For instance, the four elders at !gose waterhole were
totally or partially blind, but this handicap did not prevent their active participa-
tion in decision making and ritual curing.

Another significant feature of the composition of the work force is the late
assumption of adult responsibility by the adolescents. Young people are not
expected to provide food regularly until they are married. Girls typically marry
between the ages of 15 and 20, and boys about five years later, so that it is not
unusual to find healthy, active teenagers visiting from camp to camp while their
older relatives provide food for them.

As a result, the people in the age group 20—60 support a surprisingly large
percentage of non-productive young and old people. About 40 per cent of the
population in camps contribute little to the food supplies. This allocation of work
to young and middle-aged adults allows for a relatively carefree childhood and
adolescence and a relatively unstrenuous old age.

Leisure and work

Another important index of ease or difficulty of subsistence is the amount of time
devoted to the food quest.” Hunting has usually been regarded by social scientists
as a way of life in which merely keeping alive is so formidable a task that members
of such societies lack the leisure time necessary to ‘build culture’.* The 'Kung Bush-
men would appear to conform to the rule, for as Lorna Marshall says:
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It is vividly apparent that among the 'Kung Bushmen, ethos, or ‘the spirit which actu-
ates manners and customs,’ is survival. Their time and energies are almost wholly given
to this task, for life in their environment requires that they spend their days mainly in

procuring food (1965, p247).

It is certainly true that getting food is the most important single activity in Bush-
man life. However this statement would apply equally well to small-scale agricul-
tural and pastoral societies too. How much time is actually devoted to the food
quest is fortunately an empirical question. And an analysis of the work effort of the
Dobe Bushmen shows some unexpected results. From 6 July to 2 August 1964, 1
recorded all the daily activities of the Bushmen living at the Dobe waterhole.
Because of the coming and going of visitors, the camp population fluctuated in
size day by day, from a low of 23 to a high of 40, with a mean of 31.8 persons. Each
day some of the adult members of the camp went out to hunt and/or gather while
others stayed home or went visiting. The daily recording of all personnel on hand
made it possible to calculate the number of man-days of work as a percentage of
total number of man-days of consumption.

Although the Bushmen do not organize their activities on the basis of a seven-
day week, I have divided the data this way to make them more intelligible. The
work-week was calculated to show how many days out of seven each adult spent in
subsistence activities (Table 1.4, Column 7). Week II has been eliminated from the
totals since the investigator contributed food. In week I, the people spent an aver-
age of 2.3 days in subsistence activities, in week III, 1.9 days, and in week IV, 3.2
days. In all, the adults of the Dobe camp worked about two and a half days a week.
Since the average working day was about six hours long, the fact emerges that
'Kung Bushmen of Dobe, despite their harsh environment, devote from 12 to 19
hours a week to getting food. Even the hardest working individual in the camp, a
man named #oma who went out hunting on 16 of the 28 days, spent a maximum
of 32 hours a week in the food quest.

Because the Bushmen do not amass a surplus of foods, there are no seasons of
exceptionally intensive activities such as planting and harvesting, and no seasons of
unemployment. The level of work observed is an accurate reflection of the effort
required to meet the immediate caloric needs of the group. This work diary covers
the mid-winter dry season, a period when food is neither at its most plentiful nor
at its scarcest levels, and the diary documents the transition from better to worse
conditions (see Table 1.2). During the fourth week the gatherers were making
overnight trips to camps in the mongongo nut forests seven to ten miles distant
from the waterhole. These longer trips account for the rise in the level of work,
from 12 or 13 to 19 hours per week.

If food getting occupies such a small proportion of a Bushman’s waking hours,
then how db people allocate their time? A woman gathers on one day enough food
to feed her family for three days, and spends the rest of her time resting in camp,
doing embroidery, visiting other camps or entertaining visitors from other camps.
For each day at home, kitchen routines, such as cooking, nut cracking, collecting
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firewood and fetching water, occupy one to three hours of her time. This rhythm
of steady work and steady leisure is maintained throughout the year.

The hunters tend to work more frequently than the women, but their schedule
is uneven. It is not unusual for a man to hunt avidly for a week and then do no
hunting at all for two or three weeks. Since hunting is an unpredictable business
and subject to magical control, hunters sometimes experience a run of bad luck
and stop hunting for a month or longer. During these periods, visiting, entertain-
ing and especially dancing are the primary activities of men. (Unlike the Hadza,
gambling is only a minor leisure activity.)

The trance-dance is the focus of Bushman ritual life; over 50 per cent of the
men have trained as trance-performers and regularly enter trance during the course
of the all-night dances. At some camps, trance-dances occur as frequently as two
or three times a week and those who have entered trances the night before rarely
go out hunting the following day. Accounts of Bushman trance performances have
been published in Lorna Marshall (1962) and Lee (1967). In a camp with five or
more hunters, there are usually two or three who are actively hunting and several
others who are inactive. The net effect is to phase the hunting and non-hunting so
that a fairly steady supply of meat is brought into a camp.

Caloric returns

Is the modest work effort of the Bushmen sufficient to provide the calories neces-
sary to maintain the health of the population? Or have the 'Kung, in common
with some agricultural peoples (see Richards, 1939), adjusted to a permanently
substandard nutritional level?

During my fieldwork I did not encounter any cases of kwashiorkor, the most
common nutritional disease in the children of African agricultural societies. How-
ever, without medical examinations, it is impossible to exclude the possibility that
subclinical signs of malnutrition existed.”

Another measure of nutritional adequacy is the average consumption of cal-
ories and proteins per person per day. The estimate for the Bushmen is based on
observations of the weights of foods of known composition that were brought into
Dobe camp on each day of the study period. The per-capita figure is obtained by
dividing the total weight of foodstuffs by the total number of persons in the camp.
These results are set out in detail elsewhere (Lee, in press) and can only be sum-
marized here. During the study period 410 pounds of meat were brought in by the
hunters of the Dobe camp, for a daily share of nine ounces of meat per person.
About 700 pounds of vegetable foods were gathered and consumed during the
same period. Table 1.5 sets out the calories and proteins available per capita in the
'Kung Bushman dietary from meat, mongongo nuts and other vegetable sources.

This output of 2140 calories and 93.1 grams of protein per person per day
may be compared with the Recommended Daily Allowances (RDA) for persons of
the small size and stature but vigorous activity regime of the !Kung Bushmen. The
RDA for Bushmen can be estimated at 1975 calories and 60 grams of protein per
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Table 1.5 Caloric and protein levels in the !Kung Bushman dietary, July—August 1964

Class of food Percentage Per capita consumption Percentage caloric
contribution  wejghtin  Proteinin Calories per ~ contribution of
to diet by grams grams  person per meat and
weight day vegetables
Meat 37 230 34.5 690 33
Mongongo 33 210 56.7 1260 67
nuts
Other 30 190 1.9 190
vegetable
foods
Total
All sources 100 630 93.1 2140 100

person per day. (Taylor and Pye, 1966, pp45—48, 463). Thus it is apparent that
food output exceeds energy requirements by 165 calories and 33 grams of protein.
One can tentatively conclude that even a modest subsistence effort of two or three
days work per week is enough to provide an adequate diet for the !Kung Bush-
men.

The Security of Bushman Life

I have attempted to evaluate the subsistence base of one contemporary hunter-
gatherer society living in a marginal environment. The !Kung Bushmen have avail-
able to them some relatively abundant high-quality foods, and they do not have to
walk very far or work very hard to get them. Furthermore this modest work effort
provides sufficient calories to support not only the active adults, but also a large
number of middle-aged and elderly people. The Bushmen do not have to press
their youngsters into the service of the food quest, nor do they have to dispose of
the oldsters after they have ceased to be productive.

The evidence presented assumes an added significance because this security of
life was observed during the third year of one of the most severe droughts in South
Africa’s history. Most of the 576,000 people of Botswana are pastoralists and agri-
culturalists. After the crops had failed three years in succession and over 100,000
head of cattle had died on the range for lack of water, the World Food Program of
the United Nations instituted a famine relief programme which has grown to
include 180,000 people, over 30 per cent of the population (Government of Bot-
swana, 1966). This programme did not touch the Dobe area in the isolated north-
west corner of the country and the Herero and Tswana women there were able
to feed their families only by joining the Bushman women to forage for wild
foods. Thus the natural plant resources of the Dobe area were carrying a higher
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proportion of population than would be the case in years when the Bantu har-
vested crops. Yet this added pressure on the land did not seem to adversely affect
the Bushmen.

In one sense it was unfortunate that the period of my fieldwork happened to
coincide with the drought, since I was unable to witness a ‘typical’ annual subsist-
ence cycle. However, in another sense, the coincidence was a lucky one, for the
drought put the Bushmen and their subsistence system to the acid test and, in
terms of adaptation to scarce resources, they passed with flying colours. One can
postulate that their subsistence base would be even more substantial during years
of higher rainfall.

What are the crucial factors that make this way of life possible? I suggest that
the primary factor is the Bushmen’s strong emphasis on vegetable food sources.
Although hunting involves a great deal of effort and prestige, plant foods provide
from 60-80 per cent of the annual diet by weight. Meat has come to be regarded
as a special treat; when available, it is welcomed as a break from the routine of
vegetable foods, but it is never depended upon as a staple. No one ever goes hungry
when hunting fails.

The reason for this emphasis is not hard to find. Vegetable foods are abundant,
sedentary and predictable. They grow in the same place year after year, and the
gatherer is guaranteed a day’s return of food for a day’s expenditure of energy.
Game animals, by contrast, are scarce, mobile, unpredictable and difficult to catch.
A hunter has no guarantee of success and may in fact go for days or weeks without
killing a large mammal. During the study period, there were 11 men in the Dobe
camp, of whom four did no hunting at all. The seven active men spent a total of
78 man-days hunting, and this work input yielded 18 animals killed, or one kill
for every four man-days of hunting. The probability of any one hunter making a
kill on a given day was 0.23. By contrast, the probability of a woman finding plant
food on a given day was 1.00. In other words, hunting and gathering are not
equally felicitous subsistence alternatives.

Consider the productivity per man-hour of the two kinds of subsistence activ-
ities. One man-hour of hunting produces about 100 edible calories, and of gather-
ing, 240 calories. Gathering is thus seen to be 2.4 times more productive than
hunting. In short, hunting is a high-risk, low-return subsistence activity, while
gathering is a low-risk, high-return subsistence activity.

It is not at all contradictory that the hunting complex holds a central place in
the Bushman ethos and that meat is valued more highly than vegetable foods
(Marshall, 1960). Analogously, steak is valued more highly than potatoes in the
food preferences of our own society. In both situations the meat is more ‘costly’
than the vegetable food. In the Bushman case, the cost of food can be measured in
terms of time and energy expended. By this standard, 1000 calories of meat ‘costs’
10 man-hours, while the ‘cost” of 1000 calories of vegetable foods is only four
man-hours. Further, it is to be expected that the less predictable, more expensive
food source would have a greater accretion of myth and ritual built up around it
than would the routine staples of life, which rarely if ever fail.
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Eskimo-Bushman comparisons

Were the Bushmen to be deprived of their vegetable food sources, their life would
become much more arduous and precarious. This lack of plant foods, in fact, is pre-
cisely the situation among the Netsilik Eskimo, reported by Balikci (1968). The
Netsilik and other Central Arctic peoples are perhaps unique in the almost total
absence of vegetable foods in their diet. This factor, in combination with the great
cyclical variation in the numbers and distribution of Arctic fauna, makes Eskimo life
the most precarious human adaptation on earth. In effect, the kinds of animals that
are “luxury goods to many hunters and gatherers, are to the Eskimos, the absolute necessi-
ties of life. However, even this view should not be exaggerated, since most of the
Eskimos in historic times have lived south of the Arctic Circle (Laughlin, 1968) and
many of the Eskimos at all latitudes have depended primarily on fishing, which is a
much more reliable source of food than is the hunting of land and sea mammals.

What Hunters Do for a Living: A Comparative Study

I have discussed how the !Kung Bushmen are able to manage on the scarce resources
of their inhospitable environment. The essence of their successful strategy seems to
be that while they depend primarily on the more stable and abundant food sources
(vegetables in their case), they are nevertheless willing to devote considerable
energy to the less reliable and more highly valued food sources such as medium
and large mammals. The steady but modest input of work by the women provides
the former, and the more intensive labours of the men provide the latter. It would
be theoretically possible for the Bushmen to survive entirely on vegetable foods,
but life would be boring indeed without the excitement of meat feasts. The totality
of their subsistence activities thus represents an outcome of two individual goals;
the first is the desire to live well with adequate leisure time, and the second is the
desire to enjoy the rewards, both social and nutritional, afforded by the killing of
game. In short, the Bushmen of the Dobe area ear as much vegetable food as they need,
and as much meat as they can.

It seems reasonable that a similar kind of subsistence strategy would be charac-
teristic of hunters and gatherers in general. Wherever two or more kinds of natural
foods are available, one would predict that the population exploiting them would
emphasize the more reliable source. We would also expect, however, that the
people would not neglect the alternative means of subsistence. The general view
offered here is that gathering activities, for plants and shellfish, should be the most
productive of food for hunting and gathering man, followed by fishing, where this
source is available. The hunting of mammals is the least reliable source of food and
should be generally less important than either gathering or fishing.

In order to test this hypothesis, a sample of 58 societies was drawn from the
Ethnographic Atlas (Murdock, 1967). The basis for inclusion in the sample was a
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100 per cent dependence on hunting, gathering and fishing for subsistence as
rated in Columns 7-11 of the Atlas (Murdock, 1967, pp154—155). These 58 soci-
eties are plotted in Figures 1.1 and 1.2 and are listed in Tables 1.7 and 1.8 of the
Appendix to this chapter.®’

The Ethnographic Atlas coding discusses ‘Subsistence Economy’ as follows:

A set of five digits indicates the estimated relative dependence of the society on each of
the five major types of subsistence activity. The first digit refers to the gathering of wild
plants and small land fauna; the second, to hunting, including trapping and fowling;
the third, to fishing, including shell fishing and the pursuit of large aquatic animals; the
fourth, to animal husbandry; the fifth, to agriculture (Murdock, 1967, pp154-55).

Two changes have been made in the definitions of subsistence. First, the partici-
pants at the symposium on Man the Hunter agreed that the ‘pursuit of large aquatic
animals’ is more properly classified under hunting than under fishing. Similarly, it
was recommended that shellfishing should be classified under gathering, not fish-
ing. These suggestions have been followed and the definitions now read: Gather-
ing — collecting of wild plant, small land fauna and shellfish; Hunting — pursuit of
land and sea mammals; Fishing — obtaining of fish by any technique. In 25 cases,
the subsistence scores have been changed in light of these definitions and after
consulting ethnographic sources.'’

In Tables 1.9 and 1.10 of the Appendix to this article, the percentage depend-
ence on gathering, hunting and fishing, and the most important single source of
food for each society are presented. Such scores can be at best only rough approxi-
mations; however, the results are so striking that the use of these scores seems justi-
fied. In the Old World and South American sample of 24 societies, 16 depend on
gathering, five on fishing, while only three depend primarily on mammal hunting:
the Yukaghir of northeast Asia, and the Ona and Shiriana of South America. In the
North American sample, 13 societies have primary dependence on gathering, 13
on fishing, and eight on hunting. Thus for the world as a whole, half of the socie-
ties (29 cases) emphasize gathering, one-third (18 cases) fishing, and the remaining
one-sixth (11 cases) hunting.

On this evidence, the ‘hunting’ way of life appears to be in the minority. The
result serves to underline the point made earlier that mammal hunting is the least
reliable of the subsistence sources, and one would expect few societies to place
primary dependence on it. As will be shown, most of the societies that rely prima-
rily on mammals do so because their particular habitats offer no viable alternative
subsistence strategy.

The relation of latitude to subsistence

The peoples we have classified as ‘hunters’ apparently depend for most of their
subsistence on sources ozher than meat, namely, wild plants, shellfish and fish. In
fact the present sample over-emphasizes the incidence of hunting and fishing since
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Table 1.6 Primary subsistence source by latitude

Degrees from Primary subsistence source

the equator Gathering Hunting Fishing Total
More than 60° — 6 2 8
50°-59° — 1 9 10
40°-49° 4 3 5 12
30°-39° 9 — — 9
20°-29° 7 — 1 8
10°-19° 5 — 1 6
0°-9° 4 1 — 5
World 29 11 18 58

some three-fifths of the cases (34/58) are drawn from North America (north of the
Rio Grande) a region which lies entirely within the temperate and arctic zones.
Since the abundance and species variety of edible plants decreases as one moves out
of the tropical and temperate zones, and approaches zero in the arctic, it is essential
that the incidence of hunting, gathering and fishing be related to latitude.

Table 1.6 shows the relative importance of gathering, hunting and fishing
within each of seven latitude divisions. Hunting appears as the dominant mode
of subsistence only in the highest latitudes (60 or more degrees from the equa-
tor). In the arctic, hunting is primary in six of the eight societies. In the cool to
cold temperate latitudes, 40 to 59 degrees from the equator, fishing is the dom-
inant mode, appearing as primary in 14 out of 22 cases. In the warm-temperate,
subtropical and tropical latitudes, zero to 39 degrees from the equator, gather-
ing is by far the dominant mode of subsistence, appearing as primary in 25 of
the 28 cases.

For modern hunters, at any rate, it seems legitimate to predict a hunting
empbhasis only in the arctic, a fishing emphasis in the mid-high latitudes, and a
gathering emphasis in the rest of the world."!

The importance of hunting

Although hunting is rarely the primary source of food, it does make a remarkably
stable contribution to the diet. Fishing appears to be dispensable in the tropics,
and a number of northern peoples manage to do without gathered foods, but, with
a single exception, a// societies at all latitudes derive at least 20 per cent of their diet
from the hunting of mammals. Latitude appears to make little difference in the
amount of hunting that people do. Except for the highest latitudes, where hunting
contributes over half of the diet in many cases, hunted foods almost everywhere
else constitute 20 to 45 per cent of the diet. In fact, the mean, the median and the
mode for hunting all converge on a figure of 35 per cent for hunter-gatherers at all
latitudes. This percentage of meat corresponds closely to the 37 per cent noted in
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the diet of the !Kung Bushmen of the Dobe area. It is evident that the !Kung, far
from being an aberrant case, are entirely typical of the hunters in general in the
amount of meat they consume.

Conclusions

Three points ought to be stressed. First, life in the state of nature is not necessarily
nasty, brutish and short. The Dobe-area Bushmen live well today on wild plants
and meat, in spite of the fact that they are confined to the least productive portion
of the range in which Bushman peoples were formerly found. It is likely that an
even more substantial subsistence base would have been characteristic of these
hunters and gatherers in the past, when they had the pick of African habitats to
choose from.

Second, the basis of Bushman diet is derived from sources other than meat.
This emphasis makes good ecological sense to the !Kung Bushmen and appears
to be a common feature among hunters and gatherers in general. Since a 30 to
40 per cent input of meat is such a consistent target for modern hunters in a
variety of habitats, is it not reasonable to postulate a similar percentage for pre-
historic hunters? Certainly the absence of plant remains on archaeological sites
is by itself not sufficient evidence for the absence of gathering. Recently
abandoned Bushman campsites show a similar absence of vegetable remains,
although this paper has clearly shown that plant foods comprise over 60 per cent
of the actual diet.

Finally, one gets the impression that hunting societies have been chosen by
ethnologists to illustrate a dominant theme, such as the extreme importance of
environment in the moulding of certain cultures. Such a theme can be best exem-
plified by cases in which the technology is simple and/or the environment is harsh.
This emphasis on the dramatic may have been pedagogically useful, but unfortu-
nately it has led to the assumption that a precarious hunting subsistence base was
characteristic of all cultures in the Pleistocene. This view of both modern and
ancient hunters ought to be reconsidered. Specifically I am suggesting a shift in
focus away from the dramatic and unusual cases, and towards a consideration of
hunting and gathering as a persistent and well-adapted way of life.
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Appendix
Table 1.7 The sample of hunter-gatherers (excluding North America)
People (Atlas No.) Latitude and longitude (degrees)
AFrRICAN =5
1. IKung Bushmen (Aat) 20S, 21E
2. Dorobo (Aa2) 25, 36E
3. Mbuti Pygmies (Aab) 2N, 28E
4. Hadza (Aa9) 3S, 35E
5. Gwi Bushmen (1) 228, 23E
Asian =5
6. Gilyak (Eci) 53N, 142E
7. Yukaghir (Ec6) 70N, 145E
8. Ainu (Ec7) 44N, 144E
9. Andamanese (Eh1) 12N, 93E
10. Semang (Ej3) 6N, 101E
AUSTRALIAN = 6
11. Aranda (Id1) 248, 134E
12. Murngin (1d2) 12S, 136E
13. Tiwi (1d3) 12S, 131E
14. Dieri (Id4) 28S, 138E
15. Wikmunkan (Id6) 14S, 142E
16. Walbiri (2) 22S, 133E
SouTtH AMERICAN = 8
17. Paraujano (Sb5) 11N, 72W
18. Shiriana (Sd6) 4N, 63W
19. Yahgan (Sg1) 558, 69W
20. Ona (Sg3) 54S, 69W
21. Alacaluf (Sg5) 52S, 74W
22. Chamacoco (Sh6) 20S, 59W
23. Aweikoma (Sj3) 28S, 50W

24. Botocudo (Sj5) 18S, 42W
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Table 1.8 The North American sample

People (Atlas No.) Latitude and longitude (degrees)
1. Copper Eskimo (Na3) 69N, 110W
2. Kaska (Na4) 59N, 128W
3. Ingalik (Na8) 62N, 160W
4. Chugach (Na10) 60N, 166W
5. Nunamiut (Na12) 68N, 152W
6. Kutchin (Na20) 66N, 135W
7. Chipewyan (Na30) 60N, 105W
8. Montagnais (Na32) 48N, 72W
9. Northern Saulteaux (Na33) 52N, 98W

10. Eyak (Nb5) 60N, 145W

11. Tsimshian (Nb7) 55N, 130W

12. Quileute (Nb18) 48N, 125W

13. Chinook (Nb19) 46N, 124W

14. Tlingit (Nb22) 58N, 134W

15. Bellabella (Nb23) 52N, 128W

16. Cowichan (Nb26) 49N, 123W

17. Tututni (Nb31) 42N, 124W

18. Chimariko (Nb33) 41N, 123W

19. Tubatulabal (Nc2) 36N, 118W

20. Diegueno (Nc6) 32N, 116W

21. Modoc (Nc9) 43N, 122W

22. Achomawi (Nc10) 41N, 121W

23. Wintu (Nc14) 41N, 122W

24. Coast Yuki (Nc15) 39N, 124W

25. Lake Yokuts (Nc24) 36N, 120W

26. Cahuilla (Nc31) 33N, 116W

27. Washo (Nd6) 39N, 120W

28. Chilcotin (Nd8) 52N, 122W

29. Flathead (Nd12) 46N, 113W

30. Umatilla (Nd19) 46N, 119W

31. Panamint (Nd32) 36N, 117W

32. Kaibab (Nd53) 36N, 113W

33. Yavapai (Nd66) 35N, 112W

34. Seri (Ni4) 29N, 112W
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Figure 1.1 Old World and South American Hunter-gatherers

Table 1.9 Subsistence base of hunter-gatherers (Old World and South America)

Percentage dependence on: Primary subsistence

People Gathering Hunting  Fishing source

1. !Kung Bushman? 70 30 0 G

2. Dorobo? 60 40 0 G

3. Mbuti 60 30 10 G

4. Hadza? 80 20 0 G

5. Gwi Bushmen 70 30 0 G

6. Gilyak? 30 30 40 F
7. Yukaghir? 10 60 30 H

8. Ainu? 30 30 40 F
9. Andamanese? 50 20 30 G

10. Semang 40 30 30 G

11. Aranda? 70 30 0 G

12. Murngin? 60 30 10 G

13. Tiwid 60 30 10 G

14. Dieri 70 30 0 G

15. Wikmunkan? 60 30 10 G

16. Walbiri 70 30 0 G

17. Paraujano? 40 10 50 F
18. Shiriana 30 40 30 H

19. Yahgan? 30 20 50 F
20. Ona 20 60 20 H
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Table 1.9 ( continued)

Percentage dependence on: Primary subsistence
People Gathering Hunting  Fishing source
22. Chamacoco 60 40 0 G
23. Aweikoma? 60 40 0 G
24. Botocudo 50 40 10 G
16 3 5

Total
* In some of the cases marked, the subsistence percentages have been changed from those

published in the Ethnographic Atlas. The categories have been redefined so that shell fishing is
included under ‘Gathering’, and pursuit of sea-mammals under ‘Hunting’. In the Atlas, both are

included under ‘Fishing’.
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Figure 1.2 North American Hunter-gatherers
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Table 1.10 Subsistence base of hunter-gatherers (North America)

Percentage dependence on: Primary subsistence

People Gathering Hunting  Fishing source

1. Copper Eskimo? 0 55 45 H

2. Kaska 10 40 50 F
3. Ingalik 10 40 50 F
4. Ghugach? 10 60 30 H

5. Nunamiut 10 70 20 H

6. Kutchin 10 40 50 F
7. Chipewyan 0 60 40 H

8. Montagnais 20 60 20 H

9. Saulteaux 20 35 45 F
10. Eyak?® 20 45 35 H

11. Tsimshian? 20 30 50 F
12. Quilcute? 30 30 40 F
13. Chinook® 30 20 50 F
14. Tlingit? 10 40 50 F
15. Bellabella 20 30 50 F
16. Cowichan? 40 30 30 G

17. Tututnid 45 20 35 G

18. Chimariko 40 30 30 G

19. Tubatulabal 50 30 20 G

20. Diegueno 50 40 10 G

21. Modoc 50 30 20 G

22. Achomawi 30 40 30 H

23. Wintu 30 30 40 F
24. Coast Yuki? 60 20 20 G

25. Lake Yokuts 50 20 30 G

26. Cahuilla 60 40 0 G

27. Washo 40 30 30 G

28. Chilcotin 20 30 50 F
29. Flathead 30 40 30 H

30. Umatilla 30 30 40 F
31. Panamint 60 40 0 G

32. Kaibab 70 30 0 G

33. Yavapai 60 40 0 G

34. Seri? 30 20 50 F
Total (North America) 13 8 13
Total (World) 29 11 18

* In some of the cases marked, the subsistence percentages have been changed from those
published in the Ethnographic Atlas. The categories have been redefined so that shell fishing is
included under ‘Gathering’, and pursuit of sea-mammals under ‘Hunting’. In the Atlas, both are
included under ‘Fishing’.
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Notes

These data are based on 15 months of field research from October 1963, to January 1965. I would
like to thank the National Science Foundation (US) for its generous financial support. This paper
has been substantially revised since being presented at the symposium on Man the Hunter.

The Nyae Nyae 'Kung Bushmen studied by Lorna Marshall (1957, 1960, 1965) have been
involved in a settlement scheme instituted by the South African government. Although closely
related to the Nyae Nyae !Kung, the Dobe !Kung across the border in Botswana have not partici-
pated in the scheme.

Bushman group structure is discussed in more detail in Lee (1965, pp38-53; and Chapter 17c,
this volume).

Listed in order of their importance, the principal species in the diet are: wart hog, kudu, duiker,
steenbok, gemsbok, wildebeeste, springhare, porcupine, ant bear, hare, guinea fowl, francolin
(two species), korhaan, tortoise and python.

This and the following topic are discussed in greater detail in Lee, 'Kung Bushman Subsistence:
An Input-Output Analysis’ (in press).

Lenski, for example, in a recent review of the subject, states: ‘Unlike the members of hunting and
gathering societies [the horticulturalists] are not compelled to spend most of their working hours
in the search for food and other necessities of life, but are able to use more of their time in other
ways (1966, p121).

During future fieldwork with the !Kung Bushmen, a professional paediatrician and nutritionist
are planning to examine children and adults as part of a general study of hunter-gatherer health
and nutrition sponsored by the US National Institutes of Health and the Wenner-Gren Founda-
tion for Anthropological Research.

Two societies, the Gwi Bushmen and the Walbiri of Australia, were not coded by the Ethnographic
Atlas. Their subsistence base was scored after consulting the original ethnographies (for the Gwi,
Silberbauer, 1965; for the Walbiri, Meggitt, 1962, 1964).

In order to make more valid comparisons, I have excluded from the sample mounted hunters with
guns such as the Plains Indians, and casual agriculturalists such as the Gé and Siriono. Twenty-
four societies are drawn from Africa, Asia, Australia and South America. This number includes
practically all of the cases that fit the definition. North America alone, with 137 hunting societies,
contains over 80 per cent of the 165 hunting societies listed in the Ethnographic Atlas. The sam-
pling procedure used here was to choose randomly one case from each of the 34 ‘clusters’ of North
American hunter-gatherers.

For their useful suggestions, my thanks go to Donald Lathrap, Robin Ridington, George Silber-
bauer, Hitoshi Watanabe and James Woodburn. Special thanks are due to Wayne Suttles for his
advice on Pacific coast subsistence.

When severity of winter is plotted against subsistence choices, a similar picture emerges. Hunting
is primary in three of the five societies in very cold climates (annual temperature less than 32° F);
fishing is primary in 10 of the 17 societies in cold climates (32°-50° F); and gathering is primary
in 27 of the 36 societies in mild to hot climates (over 50° F).
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Foragers and Others

Richard B. Lee and Richard Daly

Recently an aboriginal guide was showing a group of tourists around Alberta’s
renowned Head-Smashed-In Buffalo-Jump, a UNESCO World Heritage Site
staffed by First Nations personnel. The guide graphically described how in ancient
times the buffalo would be driven over the edge of a 15-metre precipice, to land in
a gory heap at the base of the cliff. A diorama showed men and women clambering
over the bodies to club and spear those still living. When one tourist expressed
shock at the bloody nature of the enterprise, the guide responded simply but with
conviction, ‘We were hunters!’” connecting her own generation with those of the
past. She then amended her statement with equal conviction, adding, ‘Humans
were hunters!” thus expanding complicity in the act of carnage to the whole of
humanity, not excluding her interlocutor.

This incident summarizes neatly the historical conjuncture that brings 7he
Cambridge Encyclopedia of Hunters and Gatherers to fruition. The world’s hunting
and gathering peoples — the Arctic Inuit, Aboriginal Australians, Kalahari San and
similar groups — represent the oldest and perhaps most successful human adapta-
tion. Until 12,000 years ago virtually all humanity lived as hunters and gatherers.
In recent centuries hunters have retreated precipitously in the face of the steam-
roller of modernity. However, fascination with hunting peoples and their ways of
life remains strong, a fascination tinged with ambivalence. The reason for public
and academic interest is not hard to find. Hunters and gatherers stand at the oppo-
site pole from the dense urban life experienced by most of humanity. Yet these
same hunters may hold the key to some of the central questions about the human
condition — about social life, politics and gender, about diet and nutrition and liv-
ing in nature: how people can live and have lived without the state; how to live
without accumulated technology; the possibility of living in Nature without
destroying it. This book offers no simple answers to these questions. Hunter-
gatherers are a diverse group of peoples living in a wide range of conditions. One
of the themes of the book is the exploration of that diversity. Yet within the range

Lee R B and Daly R. Foragers and others. In Lee R B and Daly R (eds). Cambridge Encyclopedia of
Hunters and Gatherers, 1999, Cambridge University Press, Cambridge. © Richard B Lee and Richard

Daly, reproduced with permission.
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of variation, certain common motifs can be identified. Hunter-gatherers are gener-
ally peoples who have lived until recently without the overarching discipline
imposed by the state. They have lived in relatively small groups, without central-
ized authority, standing armies or bureaucratic systems. Yet the evidence indicates
that they have lived together surprisingly well, solving their problems among
themselves largely without recourse to authority figures and without a particular
propensity for violence. It was not the situation that Thomas Hobbes, the great
17th-century philosopher, described in a famous phrase as ‘the war of all against
all’. By all accounts life was not ‘nasty, brutish and short’. With relatively simple
technology — wood, bone, stone, fibres — they were able to meet their material
needs without a great expenditure of energy, leading the American anthropologist
and social critic Marshall Sahlins to call them, in another famous phrase, ‘the
original affluent society’. Most striking, the hunter-gatherers have demonstrated
the remarkable ability to survive and thrive for long periods — in some cases thou-
sands of years — without destroying their environment.

The contemporary industrial world lives in highly structured societies at
immensely higher densities and enjoys luxuries of technology that foragers could
hardly imagine. Yet all these same societies are sharply divided into haves and have-
nots, and after only a few millennia of stewardship by agricultural and industrial
civilizations, the environments of large parts of the planet lie in ruins. Therefore
the hunter-gatherers may well be able to teach us something, not only about past
ways of life but also about long-term human futures. If technological humanity is
to survive it may have to learn the keys to longevity from fellow humans whose
way of life has been around a lot longer than industrial commercial ‘civilization’.
As Burnum Burnum, the late Australian Aboriginal writer and lecturer, put it,
‘Modern ecology can learn a great deal from a people who managed and main-
tained their world so well for 50,000 years.’

Hunter-gatherers in recent history have been surprisingly persistent. As recently
as AD 1500 hunters occupied fully one-third of the globe, including all of Australia
and most of North America, as well as large tracts of South America, Africa and
North-east Asia. The 20th century has seen particularly dramatic changes in their
life circumstances. The century began with dozens of hunting and gathering peo-
ples still pursuing ancient (though not isolated) lifeways in small communities, as
foragers with systems of local meaning centred on kin, plants, animals and the
spirit world. As the century proceeded, a wave of self-appointed civilizers washed
over the world’s foragers, bringing schools, clinics and administrative structures,
and, not incidentally, taking their land and resources.

The year 2000 will have seen the vast majority of former foragers settled and
encapsulated in the administrative structures of one state or another. And given
their tragic history of forced acculturation one would imagine that the millennium
will bring to a close a long chapter in human history. But will it? We believe not.
Hunter-gatherers live on, not only in the pages of anthropological and historical
texts, but also, in 40 countries, in the presence of hundreds of thousands of
descendants a generation or two removed from a foraging way of life, and these
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peoples and their supporters are creating a strong international voice for indige-
nous peoples and their human rights.

Among the public-at-large, images of hunters and gatherers have swung
between two poles. For centuries they were regarded as ‘savages’, variously ignorant
or cunning, beyond the pale of ‘civilization’. This distorted image was usually asso-
ciated with settler societies who coveted the foragers’ land; the negative stereotypes
justified dispossession.

In recent years a different view has dominated, with hunter-less gatherers as
the repository of virtues seemingly lacking in the materialism and marked inequal-
ities of contemporary urban life. How to balance these two views? For many cur-
rent observers the contrast between savage inequities of modernity and the relative
egalitarianism of the so-called ‘primitives’ gives the latter more weight on the scales
of natural justice. Jack Weatherford’s eloquently argued book, Savages and Civili-
zation: Who Will Survive? (1994), draws on a long intellectual tradition dating
from Rousseau which, contemplating the horrors of the modern world, raises the
question of who are the truly civilized: the ‘savage’ with his occasional blood-feud,
or the ‘civilized’ who gave the world the Inquisition, the Atlantic slave trade, the
Catling gun, napalm, Hiroshima and the Holocaust? (For an opposing view see
Robert Edgerton’s Sick Societies [1992].)

The present work thus grows out of the intersection between three dis-
courses: anthropological knowledge, public fascination and indigenous peoples’
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own worldviews. The Encyclopedia speaks to scholars, to general readers, and par-
ticularly to the members of the cultures themselves. The book offers an up-to-date
and encyclopedic inventory of hunters and gatherers, written in accessible lan-
guage by recognized authorities, some of whom are representatives of the cultures
they write about.

Foraging Defined

Foraging refers to subsistence based on hunting of wild animals, gathering of wild
plant foods, and fishing, with no domestication of plants, and no domesticated
animals except the dog. In contemporary theory this minimal definition is only the
starting point in defining hunter-gatherers. Recent research has brought a more
nuanced understanding of the issue of who the hunters are and why they have per-
sisted. While it is true that hunting and gathering represent the original condition of
humankind and 90 per cent of human history, the contemporary people called hunt-
er-gatherers arrived at their present condition by a variety of pathways.

At one end of a continuum are the areas of the world where modern hunter-
gatherers have persisted in a more or less direct tradition of descent from ancient
hunter-gatherer populations. This would characterize the aboriginal peoples of
Australia, north-western North America, the southern cone of South America and
pockets in other world areas. The Australian Pintupi, Arrernte and Warlpiri, the
North American Eskimo, Shoshone and Cree, the South American Yamana, and
the African Ju/’hoansi are examples of this first grouping, represented in case stud-
ies in this volume. In pre-colonial Australia and parts of North America we come
closest to Marshall Sahlins’ rubric of ‘hunters in a world of hunters’ (Lee and
DeVore 1968). But even here the histories offer examples of complex interrelations
between foragers and others.

Along the middle of the continuum are hunting and gathering peoples who
have lived in degrees of contact and integration with non-hunting societies, and
these include a number whose own histories include life as farmers and/or herders
in the past. South and South-east Asian hunter-gatherers are linked to settled vil-
lagers and their markets, trading forest products: furs, honey, medicinal plants and
rattan, for rice, metals and consumer goods. Some of these arrangements have
persisted for millennia. Similar arrangements are seen in central Africa where Pyg-
mies have lived for centuries in patron—client relations with settled villagers while
still maintaining a period of the year when they lived more autonomously in the
forest. And in East Africa the foraging Okiek traditionally supplied honey and
other forest products to neighbouring Maasai and Kipsigis.

South American hunter-gatherers present an even more interesting case, since
archaeological evidence indicates that in Amazonia farming replaced foraging several
millennia ago. In the view of Anna Roosevelt, much of the foraging observed in zropi-
cal South America represents a secondary readaptation. After the European conquests
of the 16th—18th centuries many groups found that mobile hunting and gathering
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made them less vulnerable to colonial exploitation. Other groups had been operating
this way far longer, back into the pre-colonial period. And almost all zropical South
American foragers today plant gardens as one part of their annual trek. There are paral-
lels here with Siberia, where most of the ‘small peoples classified as hunter-gatherers
also herded reindeer, a practice which greatly expanded during the Soviet period.

Finally, at the other end of the continuum are peoples who once were hunters
but who changed their subsistence in the more distant past. And that includes the
rest of us: the 5-billion-strong remainder of humanity.

Social Life

In defining foragers we must recognize that contemporary foragers practise a mixed
subsistence: gardening in tropical South America, reindeer herding in northern
Asia, trading in South/South-east Asia and parts of Africa. Given this diversity,
what constitutes the category ‘hunter-gatherer’? The answer is that subsistence is
one part of a multifaceted definition of hunter-gatherers: social organization forms
a second major area of convergence, and cosmology and worldview a third. All
three sets of criteria have to be taken into account in understanding hunting and
gathering peoples today.

The basic unit of social organization of most (but not all) hunting and gather-
ing peoples is the band, a small-scale nomadic group of 15-50 people related by
kinship. Band societies are found throughout the Old and New Worlds and share
a number of features in common. Most observers would agree that the social and
economic life of small-scale hunter-gatherers shares the following features.

First they are relatively egalizarian. Leadership is less formal and more subject to
constraints of popular opinion than in village societies governed by headmen and
chiefs. Leadership in band societies tends to be by example, not by fiat. The leader can
persuade but not command. This important aspect of their way of life allowed for a
degree of freedom unheard of in more hierarchical societies but it has put them at a
distinct disadvantage in their encounters with centrally organized colonial authorities.

Mobility is another characteristic of band societies. People tend to move their
settlements frequently, several times a year or more, in search of food, and this
mobility is an important element of their politics. People in band societies tend to
‘vote with their feet’, moving away rather than submitting to the will of an unpop-
ular leader. Mobility is also a means of resolving conflicts that would be more dif-
ficult for settled peoples.

A third characteristic is the remarkable fact that all band-organized peoples
exhibit a pattern of concentration and dispersion. Rather than living in uniformly
sized groupings throughout the year, band societies tend to spend part of the year
dispersed into small foraging units and another part of the year aggregated into
much larger units. The Innu (Naskapi) discussed by Mailhot would spend the
winter dispersed in small foraging groups of 10-30, while in the summer they
would aggregate in groups of up to 200-300 at lake or river fishing sites. It seems
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clear that the concentration/dispersion patterns of hunter-gatherers represent a
dialectical interplay of social and ecological factors.

A fourth characteristic common to almost all band societies (and hundreds of
village-based societies as well) is a land tenure system based on a common property
regime (CPR). These regimes were, until recently, far more common worldwide
than regimes based on private property. In traditional CPRs, while movable prop-
erty is held by individuals, land is held by a kinship-based collective. Rules of
reciprocal access make it possible for each individual to draw on the resources of
several territories. Rarer is the situation where the whole society has unrestricted
access to all the land controlled by the group.

Ethos and Worldview

Another broad area of commonalities lies in the domains of the quality of interper-
sonal relations and forms of consciousness.

Sharing is the central rule of social interaction among hunters and gatherers.
There are strong injunctions on the importance of reciprocity. Generalized reci-
procity, the giving of something without an immediate expectation of return, is the
dominant form within face-to-face groups. Its presence in hunting and gathering
societies is almost universal (Sahlins 1965). This, combined with an absence of
private ownership of land, has led many observers from Lewis Henry Morgan for-
ward to attribute to hunter-gatherers a way of life based on ‘primitive communism’
(Morgan, 1881; Testart, 1985; Lee, 1988).

Found among many but not all hunter-gatherers is the notion of the giving
environment, the idea that the land around them is their spiritual home and the
source of all good things (Turnbull, 1965; Bird-David, 1990). This view is the
direct antithesis of the Western Judeo-Christian perspective on the natural envi-
ronment as a ‘wilderness’, a hostile space to be subdued and brought to heel by the
force of will. This latter view is seen by many ecological humanists as the source of
both the environmental crisis and the spiritual malaise afflicting contemporary
humanity (Shiva, 1988, 1997; Suzuki, 1989, 1992, 1997).

Hunter-gatherers are peoples who live with nature. When we examine the cosmol-
ogy of hunting and gathering peoples, one striking commonality is the view of nature
as animated with moral and mystical force, in Robert Bellah’s phrase ‘the hovering
closeness of the world of myth to the actual world’ (1965, p19). As discussed by
Mathias Guenther (Cambridge Encyclopedia of Hunters and Gatherers), the world of
hunter-gatherers is a multilayered world, composed of two or more planes: an above/
beyond zone and an underworld in addition to the present world inhabited by
humans. There are invariably two temporal orders of existence, with an Early mythi-
cal or ‘dreamtime’ preceding the present. In the former, nature and culture are not yet
tully separated. Out of this Ur-existence, a veritable cauldron of cultural possibilities,
crystallizes the distinction between humans and animals, the origin of fire, cooking,
incest taboos, even mortality itself and virtually everything of cultural significance.
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The world of the Past and the above-and-below world of myth are in intimate
contact with the normal plane of existence. The Australian Aborigines present the
most fully realized instance of this process of world-enchantment. The famous
‘songlines’” of the Dreamtime criss-cross the landscape and saturate it with signifi-
cance. Every rock and feature has symbolic meaning and these are bound up in the
reproduction of life itself. It is these totemic elements that are the sources of the
spirit children that enter women’s wombs and trigger conception. Parallels are
found in many other hunter-gatherer groups.

The Trickster is a central figure in the myth worlds of many hunting and gather-
ing societies. A divine figure, but deeply flawed and very human, the Trickster is
found in myth cycles from the Americas, Africa, Australia and Siberia. Similar figures
grace the pantheons of most village farming and herding peoples as well. The Trick-
ster symbolizes the frailty and human qualities of the gods and their closeness to
humans. These stand in pointed contrast to the omnipotent, all-knowing but distant
deities that are central to the pantheons of state religions and their powerful ecclesi-
astical hierarchies (Radin, 1956; Diamond, 1974; Wallace, 1966).

Shamanism is another major practice common to the great majority of hunting
and gathering peoples. The word originates in eastern Siberia, from the Evenki/Tungus
word saman meaning ‘one who is excited or raised’. Throughout the hunter-gatherer
world community-based ritual specialists (usually part-time) heal the sick and provide
spiritual protection. They mediate between the social/human world and the dangerous
and unpredictable world of the supernatural. Shamanism is performative, mixing the-
atre and instrumental acts in order to approach the plane of the sacred. Performances
vary widely. Among the Ju/’hoansi the ‘owners of medicine’, after a long and difficult
training period, enter an altered state of consciousness called /kia, to heal the sick
through a laying on of hands (Marshall, 1968; Katz, 1982). The northern Ojibwa
practised the famous shaking tent ceremony or midewiwin, while other shamans used
dreams, psychoactive drugs, or intense mental concentration to reach the sacred plane.
The brilliant use of language and metaphor in the form of powerful and moving verbal
images is a central part of the shaman’s craft (Rothenberg, 1968). So powerful are these
techniques that they have been widely and successfully adapted to the visualization
therapies in the treatment of cancer and other conditions in Western medicine.

Ethos and social organization are both essential components of hunter-gatherer
lifeways. Laura Rival (Cambridge Encyclopedia of Hunters and Gatherers) makes the
point that two South American tropical forest peoples may well have a rather
similar subsistence mix, but different orientations: analysing them on the basis of
their social organization and mobility patterns, as well as mythology, rituals and
inter-personal relations, the researcher finds that one has a clearly agricultural ori-
entation, the other a foraging one.

What is remarkable is that, despite marked differences in historical circum-
stances, foragers seem to arrive at similar organizational and ideational solutions to
the problems of living in groups, a convergence that Tim Ingold, the foremost
authority on hunter-gatherer social life, has labelled ‘a distinct mode of sociality’

(Cambridge Encyclopedia of Hunters and Gatherers).
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Divergences

Despite these commonalities, there are a number of significant divergences among
hunters and gatherers. And consideration of these must temper any attempt to
present an idealized picture of foraging peoples. First the foragers as a group are
not particularly peaceful. Interpersonal violence is documented for most and war-
fare is recorded for a number of hunting and gathering peoples. Although peaceful
peoples such as the Malaysian Semang are celebrated in the literature (Dentan,
1968), for many others (Inupiat, Warlpiri, Blackfoot, Aché, Agta) raids and blood-
feuds are common occurrences, particularly before the pacification campaigns of
the colonial authorities (see for example Ember, 1992; Moss, 1992; Bamforth,
1994). But mention of the colonial context raises another important issue. Did
high levels of ‘primitive’ warfare represent a primordial condition, or were these
exacerbated by the pressure of colonial conquest? The question remains an ongo-
ing subject of debate (Divale and Harris, 1976; Ferguson, 1984).

Gender is another dimension in which hunting and gathering societies show
considerable variation. As Karen Endicott argues (Cambridge Encyclopedia of Hunt-
ers and Gatherers), the women of hunter-gatherer societies do have higher status
than women in most of the world’s societies, including industrial and post-industrial
modernity. This status is expressed in greater freedom of movement and involve-
ment in decision making and a lower incidence of domestic violence against them
when compared to women in farming, herding, and agrarian societies (Leacock,
1978, 1982; Lee, 1982). Nevertheless variation exists: wife-beating and rape are
recorded for societies as disparate as those of Alaska (Eskimo) and northern Austral-
ian Aborigines (Friedl, 1975; Abler, 1992) and are not unknown elsewhere; nowhere
can it be said that women and men live in a state of perfect equality.

A third area of divergence is found in the important distinction between simple
vs. complex hunter-gatherers. Price and Brown (1985) argued that not all hunting
and gathering peoples — prehistoric and contemporary — lived in small mobile
bands. Some, like the Indians of the North-west Coast (Donald, 1984, 1997;
Mitchell and Donald, 1985) and the Calusa of Florida (Marquardt, 1988), as well
as many prehistoric peoples, lived in large semi-sedentary settlements with chiefs,
commoners and slaves, yet were entirely dependent on wild foods. In social organ-
ization and ethos these societies showed significant divergence from the patterns
outlined above, yet in other ways a basic foraging pattern is discernible. For exam-
ple the North-west Coast peoples still maintained a concentration—dispersion pat-
tern, breaking down their large permanent plank houses in the summer and
incorporating them into temporary structures at seasonal fishing sites (Boas, 1966,
Daly, Cambridge Encyclopedia of Hunters and Gatherers). A related concept is James
Woodburn’s notion of immediate-return vs. delayed-return societies (1982). Although
both were subsumed under the heading of ‘band society’, in immediate-return
societies food was consumed on the spot or soon after, while in delayed-return soci-
eties food and other resources might he stored for months or years, with marked
effects on social organization and cultural notions of property (Woodburn, 1982).
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In a superb synthesis Robert L. Kelly has documented these divergences on
many fronts in his book 7he Foraging Spectrum: Diversity in Hunter-gatherer Life-
ways (1995). Recently Susan Kent (1996b) has attempted a similar exercise for the
diversity and variation in the hunting and gathering societies of a single continent,
Africa. The point is that hunter-gatherers encompass a wide range of variability
and analysts seeking to make sense of them ignore this diversity at their peril!

The Importance of History

Any adequate representation of hunting and gathering peoples in the 21st century
has to address the complex historical circumstances in which they are found. For-
agers have persisted to the present for a variety of reasons but all have developed
historical links with non-foraging peoples, some extending over centuries or mil-
lennia. And all have experienced the transformative effects of colonial conquest
and incorporation into states. Situating the foraging peoples in history is thus
essential to any deeper understanding of them, a point that was often lost on ear-
lier observers who preferred to treat foragers as unmediated visions of the past.

One recent school of thought has questioned the validity of the very concept
‘hunter-gatherer’. Starting from the fact that some hunter-gatherers have been
dominated by more powerful outsiders for centuries, proponents of this school see
contemporary foraging peoples more as victims of colonialism or subalterns at the
bottom of a class structure than as exemplars of the hunting and gathering way of life
(Schrire, 1984; Wilmsen, 1989; Wilmsen and Denbow, 1990). This ‘revisionist’
view sees the foragers’ simple technology, nomadism and sharing of food as part of a
culture of poverty generated by the larger political economy and not as institutions
generated by the demands of foraging life. (There is a large and growing literature
on both sides of this issue known in recent years as ‘the Kalahari Debate’. Readers
interested in pursuing this issue should begin with Barnard [1992a]).

While recognizing that many foraging peoples have suffered at the hands of
more powerful neighbours and colonizers, 7he Cambridge Encyclopedia of Hunters
and Gatherers challenges the view that recent hunter-gatherers are simply victims
of colonial forces. Autonomy and dependency are a continuum, not an either/or
proposition, and as John Bodley documents (Cambridge Encyclopedia of Hunters
and Gatherers), despite the damage brought by colonialism, foragers persist and
show a surprising resilience. Foragers may persist for a variety of reasons. As illus-
trated by the example of the Kalahari San of southern Africa, where much of the
debate has focused, some San did become early subordinates of Bantu-speaking
overlords, but many others maintained viable and independent hunter-gatherer
lifeways into the 19th and 20th centuries (Solway and Lee, 1990; Guenther, 1993,
1998; Kent, 1996a; Robertshaw, Cambridge Encyclopedia of Hunters and Gather-
ers). Archaeological evidence reviewed by Sadr (1997) strongly supports the posi-
tion that a number of San peoples maintained a classic Later Stone Age tool kit and
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a hunting and gathering lifeway into the late 19th century. When Ju/’hoan San
people themselves are asked to reflect on their own history they insist that, prior to
the arrival of the Europeans in the latter part of the 19th century, they lived as
hunters on their own, without cattle, while maintaining links of trade to the wider
world (Smith and Lee, 1997).

The general point to be made is that outside links do not automatically make
hunter-gatherers subordinate to the will of their trading partners. Exchange is a
universal aspect of human culture; all peoples at all times have traded. In the case
of recent foragers, trading relations may in fact have allowed foraging peoples to
maintain a degree of autonomy and continue to practise a way of life that they
valued (Peterson, 1991, 1993).

Another case in point is exemplified by the Toba of the western Argentinian
Gran Chaco. Gastén Gordillo (Cambridge Encyclopedia of Hunters and Gatherers)
notes how the foraging Toba have maintained their base in the Pilcomayo marshes
as a partial haven against direct exploitation. As the Toba say, ‘At least we have the
bush,” seeing their Pilcomayo territory as a refuge to come home to after their
annual trips to the plantations to earn necessary cash. The view of the ‘bush’ as a
refuge seems to be a common theme among many hunter-gatherers. What it brings
home is that foragers believe in their way of life: foraging for them is a positive
choice, not just a result of exclusion by the wider society.

To the contrary, the authors of this book, led by Lakota anthropologist Beat-
rice Medicine in the Foreword, question whether victimhood at the hands of more
powerful peoples is the only or even the main issue of interest about hunters and
gatherers. The authors start from the position that the first priority is to represent
the life-worlds of contemporary hunter-gatherers faithfully. This invariably includes
documenting the peoples’ sense of themselves as having a collective history as
hunter-gatherers. Whether this foraging represents a primary or secondary adapta-
tion, it often continues because that way of life has meaning for its practitioners.
It seems unwise, if not patronizing, to assume that all foragers are primarily so
because they were forced into it by poverty or oppression.

It is more illuminating to understand hunter-gatherer history and culture as
the product of a complex triple dynamic: part of their culture needs to be under-
stood in terms of the dynamic of the foraging way of life itself, part from the
dynamic of their interaction with (often more powerful) non-foraging neighbours,
and part from the dynamic of their interaction with the dominant state adminis-
trative structures (cf. Leacock and Lee, 1982).

A Brief History of Hunter-gatherer Studies

If a single long-term trend can be discerned in hunter-gatherer studies it is this:
studies began with a vast gulf between observers and observed. 18th- and 19th-
century treatises on the subject objectified the hunters and treated them as external
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objects of scrutiny. With the development of field anthropology, observers began
to know the foragers as people and the boundaries between observers and observed
began to break down. Finally in the most recent period, the production of knowl-
edge has become a two-way process; the role of observer has begun to merge with
the role of advocate and the field of hunter-gatherer studies has come to be increas-
ingly influenced by agendas set by the hunter-gatherers themselves (Lee, 1992).

The more formal history of hunter-gatherer studies parallels the history of the
discipline of anthropology. The peoples who much later were to become known as
‘hunters and gatherers” have been an important element in central debates of Euro-
pean social and political thought from the 16th century forward (Barnes, 1937;
Barnes and Becker, 1938; Meek, 1976). As described in the chapter by Alan Bar-
nard (Cambridge Encyclopedia of Hunters and Gatherers, Part 11), philosophers from
Hobbes, Locke and Rousseau onward have drawn upon contemporary accounts of
‘savages’ as a starting point for speculations about life in the state of nature and
what constitutes the good society.

These constructions became more detailed as more information accumulated
from travellers’ accounts, resulting in elaborate schemes for human social evolu-
tion in the works of the 18th-century Scottish Enlightenment — Smith, Millar and
Ferguson — as well as on the continent — Diderot, Vico and Voltaire (Barnes, 1937;
Harris, 1968).

Well before the 1859 publication of Darwin’s On the Origin of Species the ques-
tion of the antiquity of humanity became a central preoccupation of scholars,
initiated in part by John Frere’s famous 1800 essay which made the then heretical
suggestion that teardrop-shaped, worked-stone objects found buried in river grav-
els at Hoxne, Suffolk, UK in association with extinct mammals may indeed not
have been Zeus’ thunderbolts, but instead implements made by humans that could
be traced ‘to a very distant period, far more remote in time than the modern world’
(quoted in Boule and Vallois 1957, p11).

With the rise of European imperialism and the conquest of new lands came
the beginnings of anthropology as a formal discipline. In the academic division of
labour, while sociologists adopted as their mandate understanding urban society of
the Western metropole, anthropologists took on the rest of the world: classifying
diverse humanity and theorizing about its origins and present condition. The
19th-century classical evolutionists erected elaborate schemes correlating social
forms, kinship and marriage with mental development and levels of technology.
The world’s hunters were usually relegated to the bottom levels. In Lewis Henry
Morgan’s tripartite scheme, of ‘Savagery, Barbarism, and Civilization’, hunters
were either Lower or Middle Savages, depending on the absence or presence of the
bow and arrow (Morgan, 1877).

William Sollas was one of the first to define hunting and gathering as a specific
lifeway, and in Ancient Hunters and their Modern Representatives (1911) he linked
ethnographies of recent hunters with their putative archaeological analogues.
Modern Eskimo resembled Magdalenians, African Bushmen stood in for Aurigna-
cians, and so on.
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Essential to the development of modern anthropology was the decisive repu-
diation of the classical evolutionary schemes and their implicit (and often explicit)
racism. Franz Boas” watershed study Race, Language and Culture (1948) demon-
strated that the three core factors varied independently. A ‘simple’ technology
could be associated with a complex cosmology, members of one ‘race’ could show
a wide range of cultural achievements, and all languages possessed the capacity for
conveying abstract thought. It was only on the twin foundations of Boasian cul-
tural relativism and the emphasis on fieldwork that modern social and cultural
anthropology could develop.

It is striking that most of the founders of the discipline both in North America
and in Europe carried out landmark studies of hunters and gatherers. Boas himself
went to the Canadian Arctic in 1886 as a physical geographer (his doctoral dis-
sertation was on the colour of sea water), but his ethnographic study of the Central
Eskimo (1888) became one of the seminal works in American anthropology. He
went on to carry out decades of research with the KwaKwaKa'wakw (Kwakiutl) on
the North-west Coast of British Columbia, a classic example of a complex hunter-
gatherer group (Boas, 1966). Boas’ close associates A. L. Kroeber and Robert Lowie
also established their reputations through major research on hunting and gather-
ing peoples, Californian and Crow Indians respectively (Kroeber, 1925; Lowie,
1935).

Founders of British anthropology shared a similar early focus, beginning with
A. R. Raddliffe-Brown’s study of the Andaman Islanders in 1906-1908 (1922).
The great Bronislaw Malinowski, before going to the Trobriand Islands, wrote his
doctoral dissertation on the family among the Australian Aborigines (1913). In
France, while neither did hunter-gatherer fieldwork, both Emile Durkheim and
Marcel Mauss carried out intensive library research on foraging peoples, with the
former writing about Australian aboriginal religion in Elementary Forms of the Reli-
gious Life (Durkheim, 1912) and the latter writing his seminal essay on the sea-
sonal life of the Eskimo (Mauss, 1906). Two decades later Claude Lévi-Strauss
began his distinguished career with a 1930s field study of the hunting and gather-
ing Nambicuara in the Brazilian Mato Grosso, before returning to Paris to write
his influential works on the origins of kinship and mythology (1949, 1962a,
1962b, 1987).

Mention should also be made of the 1898 British expedition, led by A. C.
Haddon, to the Torres Strait Islanders with their affinities to the Australian Abo-
rigines, of the American Museum of Natural History’s Jesup North Pacific Expedi-
tion to Siberia in 1897 (see Grant, 1995), and of the brilliant series of expeditions
by Danish anthropologists to Greenland and the Canadian Arctic led by Matties-
sen and Rasmussen. Important research traditions can also be discerned in Aus-
tralia and Russia.

Modern studies of hunting and gathering peoples can be traced arguably to
two landmark studies of the 1930s. First is the 1936 essay by Julian Steward who,
in a festschrift for his mentor, A. L. Kroeber, wrote on “The social and economic
basis of primitive bands’ (1936). After four decades of scholarly emphasis on careful
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description without theory building, Steward sought to revive an interest in pla-
cing hunter-gatherer studies in a broader theoretical framework. Steward argued
that resource exploitation determined to a significant extent the shape and dynam-
ics of band organization and this ecological approach became one of the two foun-
dations of hunter-gatherer studies for the next 30 years.

The second base was the classic essay by Radcliffe-Brown on Australian Abo-
riginal social organization (1930-1931). The peripatetic R-B had begun his career
in South Africa and from there moved to Sydney, S3o Paulo and Chicago before
taking up the chair in social anthropology at Oxford. During his Australian tenure
he wrote a series of influential overviews of Aboriginal social organization. But
unlike Steward, for whom ecological factors were paramount, R-B saw structural
factors of kinship as primary. Australian Aboriginal societies were usually divided
into moieties, and these dual divisions were often subdivided into four sections or
eight subsections. These divisions had profound effects on marriage patterns, pro-
ducing an intricate and elegant algebra of prescriptive alliances between intermar-
rying groups. Radcliffe-Brown was far less interested than Steward in what the
Aborigines did for a living. While the clan and section membership ruled the kin-
ship universe and nominally held the land, it was the more informal horde, a band-
like entity, whose members lived together on a daily basis and shouldered the tasks
of subsistence.

In the 1940s Radcliffe-Brown’s kinship models were taken up by Lévi-Strauss,
who placed Australian Aboriginal moieties at the centre of his monumental work
Les Structures élémentaires de la parenté (1949). It is worthy of note that theories of
band organization have continued to be dominated by these two alternative para-
digms: an ecological or adaptationist approach which relies on material factors to
account for forager social life, and a structural approach which sees kinship, mar-
riage and other such social factors as the primary determinants. The two approaches
are by no means incompatible, and although the two tendencies are still discerni-
ble in hunter-gatherer studies, many analysts have posited a dialectic of social and
ecological forces in the dynamics of forager life (see Sahlins, 1972; Lee, 1979;
Leacock, 1982; Peterson, 1991, 1993 and others).

The Man the Hunter Conference

In 1965, Sol Tax announced the convening of a conference on ‘Man the Hunter’
at the University of Chicago; the conference, organized by Irven DeVore and Rich-
ard Lee, took place 6-8 April 1966 and proved to be the starting point of a new
era of systematic research on hunting and gathering peoples. One commentator
called the Man the Hunter conference ‘the century’s watershed for knowledge
about hunter-gatherers’ (Kelly, 1995, p14). Present at the conference were repre-
sentatives of many of the major constituencies in the field of hunter-gatherer stud-
ies (though no hunter-gatherers themselves), including proponents of the ecological
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and structural schools. There were critics of the late Radcliffe-Brown’s theories as
well as supporters; there were archaeologists, demographers and physical anthro-
pologists, reflecting the revival of interest in evolutionary approaches then current
in American anthropology. Among the key findings of the Man the Hunter con-
ference were the papers focusing on the relative ease of foraging subsistence, epito-
mized in Marshall Sahlins’ famous ‘Notes on the original affluent society’ (1968).
Gender and the importance of women’s work was a second key theme of the con-
ference. The name ‘Man the Hunter’ was a misnomer since among tropical forag-
ers plant foods, produced largely by women, were the dominant source of
subsistence.

After Man the Hunter

A burst of research activity followed the convening of Man the Hunter and the
publication of the book of the same title (Lee and DeVore, 1968). Scholars present
at the conference brought out their own monographs and edited volumes (Damas,
1969; Balikci, 1970; Bicchieri, 1972; Sahlins, 1972; Watanabe, 1973; Marshall,
1976; Binford, 1978; Lee, 1979; Laughlin, 1980; Helm, 1981; Suttles, 1990).

The field of hunter-gatherer studies has always been a fractious one and con-
sensus is rarely achieved. After 1968 new work critiqued key theses from Man the
Hunter. The irony of the mistitle was not lost on feminist anthropologists who
produced a series of articles and books with the counter theme of “Woman the
Gatherer’ (Slocum, 1975; Hiatt, 1978; Dahlberg, 1981). The feminist critics were
certainly taking issue with the concept of Man the Hunter, and not necessarily
with the book’s content since the latter had gone a long way toward re-establishing
the importance of women’s work and women’s roles in hunter-gatherer society.
This last point was taken up in detail by Adrienne Zihlman and Nancy Tanner in
an important article which drew upon the evidence assembled in Man the Hunter
to place ‘woman the gatherer’ at the centre of human evolution (Tanner and Zihl-
man, 1976).

At the same time a counter-counter-discourse developed among scholars who
questioned whether women’s subsistence contribution had been overestimated, and
several cross-cultural studies were produced to argue this view, summarized in
Kelly (1995, pp261-292). A related development was the discovery that women
in hunter-gatherer societies do hunt, the most famous case being that of the Agta
of the Philippines.

Original ‘affluence’ came in for much discussion and critique, with a long
series of debates over the definition of affluence and whether it applied to all hunt-
ers and gatherers at all times or even to all the !Kung (Hawkes and O’Connell, 1981,
1985; Koyama and Thomas, 1981; Altman, 1984, 1987; Hill et al, 1985; Bird-
David, 1992; Kelly, 1995, pp15-23). Seeking to rehabilitate the concept, Binford
(1978) and Cohen (1977) addressed some of these issues, while James Woodburn’s



Foragers and Others 55

introduction of the distinction between immediate- and delayed-return societies
(1982) helped to account for some of the variability in the level of work effort
among hunter-gatherers.

A major development in hunter-gatherer research was stimulated by this
debate. Struck by the often imprecise data on which arguments about affluence (or
its absence) had been based, a group of younger scholars resolved to do better.
They adopted from biology models about optimal foraging (Charnov, 1976) and
attempted to apply these rigorously to the actual foraging behaviours observed
among the shrinking number of foraging peoples where it was still possible to
observe actual hunting and gathering subsistence. Important work in this area was
carried out by a close-knit group of scholars, often collaborating, and variously
influenced by sociobiology and other neo-Darwinian approaches: Bailey (1991),
Blurton Jones (1983), Hawkes (Hawkes, Hill, and O’Connell, 1982; Hawkes,
O’Connell and Blurton Jones, 1989), Hewlett (1991), Hill and Hurtado (1995),
Hurtado (Hurtado and Hill, 1990), Kaplan (Kaplan and Hill, 1985), O’Connell
(O’Connell and Hawkes, 1981), Eric Smith (1983, 1991), and Winterhalder
(1983, 1986). Reviews and summaries of Optimal Foraging Theory are found in
Winterhalder and Smith (1981), Smith and Winterhalder (1992), Bettinger (1991)
and Kelly (1995). For critiques see Ingold (1992) and Martin (1983).

More classically oriented research on hunter-gatherers attempted to bring
together much of the rich historical and ethnographic material that had accumu-
lated since the 1940s. The Handbook of North American Indians, under the general
editorship of William Sturtevant, chronicled the 500 Nations of the continent in
a series of landmark regional volumes. Six of these deal largely if not exclusively
with hunting and gathering peoples: Northwest Coast, edited by Wayne Suttles
(1990); Subarctic, edited by June Helm (1981); 7he Great Basin, edited by Warren
D’Azevedo (1986); California, edited by Robert Heizer (1978); Arctic, edited by
David Damas (1984); and Northeast, edited by Bruce Trigger (1978) (see also Trig-
ger and Washburn 1996). On other continents Barnard (1992b) and Edwards
(1987) produced overview volumes on the Khoisan peoples and Aboriginal Aus-
tralians respectively.

A New Generation of Research

While the optimal foraging researchers based their work on models from biology
and the natural sciences, a larger cohort of hunter-gatherer specialists were moving
in quite different directions. Drawing on symbolic, interpretive and historical
frameworks this group of scholars grounded their studies in the lived experience of
foragers and post-foragers seen as encapsulated minorities within nation states,
who still strongly adhered to traditional cosmologies and lifeways. Examples include
Diane Bell's Daughters of the Dreaming (1983), Hugh Brody’s Maps and Dreams
(1981), Julie Cruikshank’s Life Lived like a Story (1990), Fred Myers’ Pintupi
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Country, Pintupi Self (1986), Elizabeth Povinelli’s Labors Lot (1993), and Marjorie
Shostak’s Nisa: The Life and Words of a !Kung Woman (1981).

The Conferences on Hunting and Gathering Societies

(CHAGS)

One way of tracking broader trends in hunter-gatherer research is to follow the
CHAGS series of conferences through the 1970s, 1980s and 1990s. In 1978 Mau-
rice Godelier convened a Conference on Hunting and Gathering Societies in Paris
to observe the tenth anniversary of the publication of Man the Hunter. The confer-
ence brought together scholars from a dozen countries including the Dean of the
Faculty of the University of Yakutia, himself an indigenous Siberian (Leacock and
Lee 1982). The conference proved such a success that Laval University offered to
host a follow-up conference in Quebec in 1980. Organized by Bernard Saladin
d’Anglure and Bernard Arcand, the conference continued the tradition begun in
Paris, wherein anyone who wanted to participate could do so as long as they were
self-financing. Inuit broadcasters were among the several members of hunter-
gatherer societies present.

By now it was becoming clear that a need existed for continuing the series, and
Professor I. Eibl-Eibesfeldt of the Max Planck Institute in the Federal Republic of
Germany took on the task of organizing CHAGS III. The Munich CHAGS in
1983 was a smaller, by-invitation affair, and the book that resulted reflected one
particular school (revisionist) of hunter-gatherer studies (Schrire, 1984). CHAGS
IV, held at the London School of Economics in September 1986, returned to the
more open policy with a wide range of constituencies represented. The active Brit-
ish organizing committee led by James Woodburn and Tim Ingold along with
Alan Barnard, Barbara Bender, Brian Morris and David Riches produced two
strong thematically organized volumes of papers from the conference (Ingold et al,
1988a, 1988Db).

CHAGS then moved to Australia. Hosted by Les Hiatt of Sydney University,
CHAGS V convened in Darwin, capital of the Northern Territory, in August
1988. CHAGS V proved to be a marvellous world showcase for the active com-
munity of anthropologists, Aboriginal people, and activists working on indigenous
issues in Australia.

Fairbanks, Alaska was the location of CHAGS VI (1990), the first of the
CHAGS series to be held in the US since the original 1966 Chicago conference.
Convened by the late Linda Ellanna, the Fairbanks conference was memorable for
being the first CHAGS at which a large delegation of Russian anthropologists was
present, flying in from Provedinya just across the Bering Straits in Chukotka.
Indigenous Alaskans played a prominent role in Fairbanks as well (Burch and
Ellanna, 1994). CHAGS VII, in Moscow in August 1993, convened by Valeriy

Tischkov and organized by Victor Shnirelman at the Russian Academy of Sciences,
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is discussed below. The international hunter-gatherer community convened for
CHAGS VIII, at the National Museum of Ethnology in Osaka, Japan, in October,
1998, with future meetings projected in the new millennium for Scotland, India
and southern Africa.

This ongoing series of CHAGS gatherings held on four continents has pro-
vided an excellent monitor on the state of hunter-gatherer research in recent dec-
ades, and a unique perspective on its increasingly international and cosmopolitan
outlook.

While the theoretical debates of the Man the Hunter conference of 1966 had
revolved around issues of the evolution of human behaviour, the recent series has
moved relatively far from evolutionary and ecological preoccupations. In their
stead hunter-gatherer specialists have developed several major foci of inquiry.

At the Moscow CHAGS in August 1993 and at Osaka, 1998, a large and
active scholarly contingent focused on foragers in relation to the state; papers on
land rights, court battles, bureaucratic domination and media representations docu-
