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Preface

The Townsville meeting of global rangeland stakeholders was a signifi-
cant milestone in the series of International Rangeland Congresses.
This sixth Congress drew over 1000 participants from 78 countries
including 280 delegates from many developing countries in Africa,
Middle East, Asia and South America. It concentrated on rangeland
people and their future.

This publication is the result of an attempt to obtain and distil the
most important concepts, findings and suggestions for future directions
that arose from the various scientific sessions. Summaries are provided
by many of the session coordinators. This major distillation covers at
least 18 subject areas and represents the most up-to-date description of
the state of the art in the global rangeland situation.

The Congress Organizing Committee attempted to include range-
land research, education, extension and development as major building
blocks of the Congress. The result was a balanced programme of the
science and art of rangeland planning and management: a programme
that was based on feedback from our original questionnaire to over 300
international contributors to previous rangeland congresses, including
members of the Continuing Committee chaired by Margaret Friedel of
Australia.

This publication aims to crystallize out the main streams of thought
and discussion subsumed in the two-volume proceedings of the
Congress. The hard work and efficiency of our editorial committee of
David Freudenberger and David Eldridge produced these volumes.
They were ably supported by our production editor, Ann Milligan, who

xiii



Xiv Preface

went far beyond the call of duty to produce the full-published proceed-
ings available to delegates on arrival in Townsville on 17 July 1999 —a
major achievement for which the organizing committee records its
deep gratitude.

It is my sincere hope that this publication will act as an important
‘snapshot in time’ of the global rangeland position. It can be used as a
benchmark which helps us all identify not only what needs to be done,
but the priority actions and resources for ensuring a future for range-
land communities and the resources on which they depend. The
following chapters draw together the main points and significant
outcomes of each Congress session.

It is my earnest hope that this compilation will make a substantial
contribution to publication in global rangelands literature and provide
a basis for further advances.

Emeritus Professor Brian Roberts
Chairman, Organizing Committee,
VI International Rangeland Congress
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Challenges for Rangeland 1
People

Anthony C. Grice and Kenneth C. Hodgkinson

The People of Rangelands

According to Leakey and Lewin (1992) the human species evolved in
the rangelands of Africa about 7 million years ago and began spreading
around the world around 1 million years ago. Thus people have lived
in and exploited lands that we now categorize as rangelands for varying
but substantial lengths of time. The ecosystems that typically constitute
rangelands — grasslands, savannas, shrublands and woodlands — would
have shaped early human development. Rangelands were first used by
hunter-gatherer societies that depended on the natural environment for
most, if not all, of their needs and this lifestyle prevailed for much of
human history.

By around 11,000 years ago, isolated groups of rangeland people
began to domesticate animals and plants and to set up subsistence
pastoral systems (Diamond, 1998). While depending very strongly on
the natural resources of rangelands they increasingly interchanged
goods with people developing specific skills and living in non-
rangeland areas.

During historical times, rangelands began to be exploited by com-
mercial pastoralists (Walker, 1996) who, like subsistence pastoralists,
relied upon domestic livestock to exploit the resources of the range-
lands, but who had a much stronger reliance on goods and services
from outside the rangelands. Likewise, non-rangeland communities
now have very little dependence on the products of commercial range-
land livestock industries. Food and fibre are produced for them from

©CAB International 2002. Global Rangelands: Progress and Prospects
(eds A.C. Grice and K.C. Hodgkinson) 1



2 A.C. Crice and K.C. Hodgkinson

high intensity production systems, often in other parts of the world,
and only a few urban people venture into rangelands for recreation.

Hunter gathering, subsistence pastoralism and commercial pastor-
alism thus represent three human lifestyles that continue to utilize the
resources of lands that we now recognize as rangelands. Although all
three still exist, there has been a tendency for subsistence pastoralists
to replace hunter-gatherers and for commercial pastoralists to replace
both as the major (in terms of area utilized) occupiers of rangelands.
Indeed, the establishment and development of commercial pastoralism
has been the principal means whereby Europeans colonized and then
exploited the natural resources of sub-Saharan Africa, Australia, North
and South America. The establishment of commercial pastoralism
severely weakened most, if not all, indigenous societies.

The Term Rangelands

Explicit recognition of the notion of rangelands occurred only
relatively recently. The term ‘range’ has been used since the 1400s in
England to describe extensive areas of land that were either grassed or
wooded (Oxford English Dictionary, 2000). Early colonists took it to the
USA where it came to be associated with extensive, often unenclosed
areas of ‘natural’ lands that were exploited for the grazing of livestock.
‘Rangeland’ is now an international term but within a country there is a
host of substitute terms such as ‘wild lands’ (USA) and ‘outback’
(Australia), which mean much the same thing. Rangelands occur in
areas of relatively low rainfall or where winters are long and cold. The
vegetation is always dominated by natural plant communities rather
than by sown pasture.

In general, the human populations of these lands occur at low
densities though the large areas of rangeland mean that the total popu-
lation of humans living in rangelands is significant. On this basis, there
are some large differences between so-called ‘developed’ and ‘develop-
ing’ countries. Human populations of rangelands in developed
countries tend to be of lower density than in comparable lands in
developing countries (though there may be large urban centres).
Furthermore, increasing urbanization at the margins of rangelands is
occurring in both the developed and developing parts of the world —
a situation that is having major impacts on the use of rangeland
resources, especially where people hunt wildlife for recreation.

Currently, the term ‘rangelands’ focuses on biophysical and land
use aspects. This restriction emerged during the 20th century as
areas of natural vegetation were increasingly used by people for the
production of livestock products from extensive grazing systems.
For example, rangelands have been identified as ‘uncultivated land
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that will provide the necessities of life for grazing and browsing
animals’ (Holechek et al., 1989) and as ‘semi-natural ecosystems in
which man seeks to obtain a productive output by simply adding
domestic stock to a natural landscape’ (Harrington et al., 1984). Under
commercial pastoralism, the rangelands have provided products that
in the main are used by communities of people that live outside the
rangelands.

As such, rangelands do not comprise a distinct ecosystem. They
have been shaped and defined in large measure by the way humans
have used them. Importantly, as described above, human use is always
evolving so that during the 20th century the dominant land use over
large tracts of rangelands in Australia, USA, Argentina, etc., was
commercial pastoralism. In many rangelands, the initial phase of
colonization for commercial pastoralism gave way to a phase of consol-
idation involving increasing refinement of rangeland management.
Technologies that helped increase animal production from rangelands
were developed and implemented. Fencing, for example, gave greater
control over animal movements together with the provision of
reliable water supplies for livestock. Typically, degradation of natural
resources occurred as a result of this intensification. Re-organization of
pastoral businesses and institutions then occurred and the cycle began
again (Holling, 1992).

However, there still exists a very broad spectrum of systems for
exploiting rangelands — people may have personal preferences that
lower the efficiency of resource use and may even degrade the natural
resources.

Eventually, commercial pastoralism in rangelands prompted the
emergence by the mid-20th century of a formal science to deal with
the management of rangelands. Range science departments were estab-
lished in many universities, professional societies were formed and the
publication of range management journals together with national and,
later, international rangeland conferences. These developments were
centred in, though not exclusive to, the USA. For example, the
US-based Society for Range Management was formed in the late 1940s,
and its journal, the Journal of Range Management, was first published
in 1948. Comparable developments took place later in Australia. The
Australian Rangeland Society was formed in 1975 and it published the
first volume of The Australian Rangeland Journal (subsequently The
Rangeland Journal) in 1976.

The inclusion of both biophysical and land use aspects in the
definition of rangelands was integral to the emergence of the science of
rangeland management. For example, range management has been
defined as ‘the science and art of obtaining maximum livestock produc-
tion from range land consistent with conservation of land resources’
(Stoddart and Smith, 1955). The strongest emphases of publications in
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rangeland journals have related to grazing and grazing management,
particularly by domestic livestock, and much of the work reported
sought to understand and devise ways of overcoming the biophysical
constraints to animal production in rangelands. Research on the social
and economic systems of rangelands has, in comparison, received only
very minor attention (Walker, 1996).

Four Growing Themes

Against this general background of rangelands as principally consti-
tuting a pastoral resource, and of rangeland science aiming at a better
understanding of how that resource may be more sustainably and
efficiently utilized by domestic livestock, four themes are paramount.
These are increasingly challenging traditional definitions of rangelands
and are enlarging the scope of rangeland science and management.

The first theme is multiple uses. In spite of the strong emphasis on
pastoral use, there is a growing recognition that rangelands are used by
people in many ways in addition to production of animal products by
pastoralism. A number of examples can be given. Mining industries are
prominent in many of the world’s rangelands. Although utilizing only a
very small proportion of the world’s rangelands, the mining industries
are economically very important, directly and indirectly, for the
sustainability of rangeland people and their businesses. Mining does
not specifically require a rangeland environment, but where it occurs
there may be substantial direct and indirect economic benefits to
rangeland people.

Another example is tourism. Today there are pastoral businesses in
many countries, both developed and developing, where tourism is an
important business component. Sport hunting of various wildlife
species, an important tourist activity in the USA and southern Africa,
has been culturally and commercially important there and may become
increasingly important in other countries.

Provision of ecosystem services for people is another use (United
Nations Development Programme et al., 2000). The provision of clean
water for human consumption and the natural occurrence of plants,
animals and other organisms meet aesthetic and cultural values of
rangeland people and are examples of ecosystem services. Large areas
of rangelands have also been set aside or reserved specifically to meet
conservation, aesthetic and recreational needs.

Finally, many areas of the world’s rangelands are home to indi-
genous peoples. Despite the development of commercial pastoralism,
some indigenous human populations continue to use rangeland
resources with something resembling their traditional lifestyles and
economies.
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The theme of multiple uses is not new. For example, its impact on
the traditional pastoral use of Australia’s rangelands was stressed by
Vickery. He wrote:

Australian rangelands have hitherto been the exclusive domain of the
Pastoral Industry, but during the past decade pressures for multiple use
embracing recreation, conservation, public works and Aboriginal
occupation have emerged, particularly in the Arid Zone, and it is clear
that the Pastoralist must be prepared to share the rangeland resource
with these land-users on a mutually co-operative basis and without
confrontation.

(Vickery, 1976)

Similarly, Box (1986) criticized the II International Rangeland
Congress when he said:

It did not adequately address rangeland products other than livestock. To
focus on commercial pastoralism, a human lifestyle of developed nations,
is to further marginalize the people issues of rangelands. More attention
to other goods and services will help develop the flexibility needed for
the proper use of rangelands.

(Box, 1986)

In spite of public declaration of the importance of multiple uses of
rangelands, subsequent Congresses failed to strongly develop this
theme.

The second theme is the maintenance of the basic resources upon
which all rangeland uses depend. Stoddart and Smith (1955), in their
authoritative text on rangeland management, argued that the level of
production from rangelands must be commensurate with the long-term
maintenance of the resource base. In the language of the late 20th
century, this is an issue of sustainability, highlighted by its thematic
status during the V International Rangeland Congress held in 1995
(West, 1996). Although self-evident, there are still many rangeland
areas that are not routinely monitored in terms of the status and trend
in condition of their resources. In many rangelands there is an
inadequate understanding of how specific landscapes function and,
often, poor commitment by various jurisdictions to monitoring.

The third theme is the importance of social and economic
processes in resource management. Rangeland science has commonly
only dealt with the biophysical constraints of livestock production in
rangelands. There have been numerous reminders that factors, other
than biophysical ones, also limit management options and the
sustainability of rangeland enterprises, industries and communities. It
is now recognized that socio-economic factors are often crucial in
determining whether particular technical solutions to rangeland
problems can be employed in practice (Walker, 1996). Consilience,
defined by Wilson (1998) as ‘a jumping together of knowledge by the
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linking of facts and fact-based theory across disciplines to create a
common groundwork of explanation’, is now required.

The fourth theme concerns interrelationships. Rangelands do
not exist in isolation from non-rangeland systems. This is true in bio-
physical terms because of the natural and anthropogenic interchange of
materials and energy between rangelands and non-rangelands. It is also
true in socio-economic terms because of the cultural and economic
interchanges between rangeland and non-rangeland human communi-
ties and societies. Rangelands cannot be managed in isolation from
the non-rangeland systems with which they interact. Increasingly,
rangelands and the human communities of rangelands are influenced
by decisions made principally by communities living outside the
rangelands.

This is due to a number of factors. In many countries, increasing
urbanization means that smaller proportions of people are directly
reliant on the rangelands for their livelihood. On the other hand, the
markets for many of the traditional rangeland livestock products have
always been outside the rangelands. Further, at least in the so-called
‘developed’ world, urban populations have a considerable stake in the
non-traditional products of rangelands such as water resources and
recreational space. Moreover, they express an interest in the condition
of the natural resources of the rangelands, often expressed in terms of
political pressure. These demands and expectations have the potential
to powerfully influence the ways in which rangelands are utilized.
Moreover, the influences of non-rangeland peoples upon the uses of
rangelands extend across national boundaries as the forces of globaliza-
tion come to bear on rangeland and urban people alike. Moving
geographical boundaries between rangelands and non-rangelands
further complicates this. Boundaries shift in response to changing
human needs, technologies and climatic circumstances.

The Challenge

The study of rangelands has, since its inception in western USA in the
early 20th century, been driven by productivity decline and associated
accelerated soil erosion (Young, 2000). It has recognized that rangeland
people and their distant ‘urban cousins’ are somewhat dependent upon
the complex, more-or-less natural ecosystems for products of pastoral
industries, for recreational opportunities and spiritual enlightenment.
Living with this complexity continues to challenge people who live
and work in the rangelands. The modern challenges that confront
rangeland people are captured in the four growing themes outlined
above: multiple uses, sustainability, importance of socio-economic ver-
sus biophysical factors, and interactions with non-rangeland systems.



Challenges for Rangeland People 7

In July 1999, the VI International Rangeland Congress, held in
Townsville, Australia, focused on the ‘people issues’ of the world’s
rangelands by adopting the theme ‘People and rangelands: building the
future.” This focus on rangeland people and the need to comprehen-
sively address the four growing themes of the rangelands arose from
a challenge given at the previous Congress in Salt Lake City (Walker,
1996). Here, Brian Walker’s plenary address stressed that the
challenges and opportunities confronting rangelands and their people
require far more than technical or scientific solutions. Rangeland
science is just one of a number of inputs into sound rangeland manage-
ment; on its own it is not a major driver of change. Moreover, rangeland
management is not simply an issue of pastoral management for natural
or semi-natural systems but of utilizing complex ecosystems to meet
the needs and expectations of complex human societies. Meeting
these challenges requires a diverse range of skills and the input of all
stakeholders and may require significant modification of the traditional
approach to managing rangelands.

Some of the chapters in this book deal with traditional topics about
the use of rangelands for raising livestock. Most emphasize some aspect
of the ways in which human communities, societies and institutions
influence, or are influenced by, the biophysical properties of range-
lands. An opening trilogy focuses on the people of rangelands. ‘Future
Shocks to People and Rangelands’ (Mark Howden, Barney Foran and
Roy Behnke) identifies the challenges and issues likely to confront the
rangelands and their people in the near future. ‘Indigenous People in
Rangelands’ (Graham Griffin) shows the plight of most indigenous
peoples and suggests a way forward for them. ‘Rangelands: People,
Perceptions and Perspectives’ (Denzil Mills, Roger Blench, Bertha
Gillam, Mandy Martin, Guy Fitzhardinge, Jocelyn Davies, Simon
Campbell and Libby Woodhams) considers the importance of individ-
ual and community perceptions of rangelands.

The next ten chapters attempt to link the concerns of rangeland
people with the major biophysical components of rangelands. A group
of five chapters describes progress and the current status in scientific
knowledge about soils, plants and biodiversity. ‘Desertification and
Soil Processes in Rangelands’ (David Tongway and Walter Whitford)
and ‘Understanding and Managing Rangeland Plant Communities’
(Steve Archer and Alison Bowman) concentrate on biophysical aspects
of rangelands in relation to soil and plant community processes,
respectively, summarizing current understanding of the key processes
in each case and identifying where further knowledge would be
useful to people. ‘Range Management and Plant Functional Types’
(Sandra Diaz, David Briske and Sue McIntyre) and ‘People and Plant
Invasions of the Rangelands’ (Mark Lonsdale and Sue Milton) address
issues of plant vegetation classification and ‘People and Rangeland
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Biodiversity’ (David Bowman) evaluates the issues connected with
nature conservation.

Another group of five chapters, ‘Managing Grazing’ (Mick Quirk),
‘Rehabilitation of Mined Surfaces’ (Gerald Schuman and Edward
Redente), ‘Accounting for Rangeland Resources’ (Paul Novelly and
Lamar Smith), ‘Building on History, Sending Agents into the Future —
Rangeland Modelling, Retrospect and Prospect’ (Timothy Lynam, Mark
Stafford Smith and William Parton) and ‘Integrating Management of
Land and Water Resources: the Social, Economic and Environmental
Consequences of Tree Management in Rangelands’ (Tom Hatton),
discusses concepts and tools for monitoring rangelands, for modelling
processes within rangelands and for understanding and managing
grazing, mined surfaces and water resources in rangelands.

A fourth group of chapters discusses issues relating to communica-
tion and decision-making processes in rangelands. These include ‘Land
and Water Management: Lessons from a Project on Desertification in
the Middle East’ (Scott Christiansen), ‘International Perspectives on the
Rangelands’ (Wolfgang Bayer and Peter Sloane), ‘Policies, Planning and
Institutions for Sustainable Resource Use: a Participatory Approach’
(Nick Abel, Mukii Gachugu, Art Langston, David Freudenberger, Mark
Howden and Steve Marsden) and ‘Economics and Ecology: Working
Together for Better Policy’ (Nick Milham).

A fifth group of chapters provides personal perspectives on the
future of rangeland people: ‘Building the Future: Practical Challenges’
(Joe Kotsokoane), ‘Rangeland Livelihoods in the 21st Century’ (Brian
Walker) and ‘Building the Future: a Human Development Perspective’
(Dean Freudenberger).

Finally, the main insights emerging from this international gather-
ing of rangeland people are synthesized into some key take-home
messages in ‘Synthesis: New Visions and Prospects for Rangelands’
(Ken Hodgkinson, Ron Hacker and Tony Grice). We recognize that this
synthesis and the knowledge and insights on which it is based are a
snapshot of a changing scene. As such, this book will have a short
shelf-life as new issues evolve and old ones fade. Whatever the future,
humans in the rangelands will need to be adaptive to survive. This
remains the major challenge for rangeland people.
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Future Shocks to People and 2
Rangelands

S. Mark Howden, Barney Foran and Roy Behnke

Introduction

The rangelands of the world have undergone significant changes over
the last centuries and decades. More is in store. In some regions there
is rapid and fundamental change in the basic socio-economic and
political institutions following the removal of state controls on range-
lands, precipitating rapid and fundamental alterations to the people
and management of the rangelands. In other regions, changes in social,
economic and political attitudes and institutions resulting from global-
ization of markets and other forces are more gradual but still signifi-
cant. There are changes in the species of plants and animals in many
rangeland regions resulting from either deliberate or accidental intro-
ductions. Human activities that emit gases like CO; and CH, are driving
atmospheric change that affects the whole globe and may result in
climate change at both global and regional levels. Lastly, there is
population growth and movement, which occurs in some regions more
than others in response to the above and other forces. These different
sources of change may interact and are likely to have differential
impacts from region to region on the human and biophysical compo-
nents of the rangelands. These impacts will require considerable
adaptation in institutions, technology, management and perhaps
expectations of what the rangelands can provide.

We outline some of the possible future changes in the forces oper-
ating on and within rangelands, addressing the role that rangeland

©CAB International 2002. Global Rangelands: Progress and Prospects
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science may contribute to assessing the impacts of these changes and
forming adaptation strategies.

Key Drivers of Change

Early analyses of global change impacts on rangelands focused on
climate change impacts on forage and livestock production (e.g.
McKeon et al., 1988). Later assessments included the interactive effects
of increasing atmospheric levels of carbon dioxide and climate change
on production aspects as well as on vegetation distributions (e.g.
Allen-Diaz et al., 1996). There was also a growing recognition of the
rangelands as contributors to greenhouse emissions as well as the
possibility for them to be managed as a sink for carbon. It is only more
recently that attempts have been made to integrate broader aspects of
ongoing global change (such as the impacts of globalization of markets
or major geo-political institutional reform) into assessments of future
issues for rangelands.

Foran and Howden (1999) proposed a set of nine major drivers
for future change in rangelands: population growth, food security at
a national level, globalized trade effects on product prices, institu-
tional capacity for change, energy futures, greenhouse gas emissions,
climate change opportunities, urban-rangeland relations and cultural
homogenization. To this list needs to be added biological invasions
arising from enhanced opportunities for spread of pests and diseases.
There are many further issues unlisted. We outline these drivers of
future change in the rangelands below and follow with some sugges-
tions of the contribution rangeland science may make in addressing
such changes.

Human population growth

World population may grow to more than 10 billion people over the
next century. In the developed world, populations may remain largely
stable but the less developed world may more than double its popu-
lation over the next 100 years (Table 2.1). Most of this population
growth will occur in urban and more intensively farmed areas.
However, growth in local rangeland populations and demand for prod-
ucts from outside the rangelands will place both direct and indirect
pressures on the ecosystem integrity of rangelands particularly in
developing countries (Wu and Richard, 1999). For example, increased
population growth in nations such as Kenya has led to an imbalance of
animal numbers and human numbers amongst subsistence pastoralists
and the population in general, and a lack of land resources relative to
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Table 2.1. Projections of total population (in millions) according to mid-range
assumptions of fertility, mortality and migration in the years 2020, 2050 and 2100
(from Lutz, 1996).

1995 2020 2050 2100
Africa 720 1332 2040 2366
Asia East 1956 2444 2760 2704
Asia West 1445 2228 2995 3136
Europe 808 825 766 624
Latin America 477 693 906 1056
North America 297 359 406 467
Less developed 4451 6541 8554 9137
More developed 1251 1340 1319 1216
World 5702 7879 9874 10350

current and future demand for food and lifestyle (e.g. Prins, 1992).
Rangeland institutions can hope to influence local population increase
only.

Food security at a national level

To date, the technological basis for world food security appears to
be just keeping up with the dual demands of population growth
and consumption growth. Per capita grain consumption continues
to oscillate around 320 kg, but in 1998 there were only 57 days of
consumption in carryover stocks of grain: below the suggested thresh-
old of 70 days (Brown, 1998). In addition, likely future constraints are
apparent. Globally, there are continuing trends towards degradation
across much of the area used for food production (e.g. Dregne et al.,
1991). Whilst some analyses suggest there are still vast areas available
for increased productivity (e.g. 550 million ha with some rainfed crop
potential which are currently uncropped; Fischer and Heilig, 1997),
this broader view of resource availability (enough land with sufficient
rainfall) becomes significantly constrained in more focused regional
studies. Regions including western Asia, south-central Asia, and
northern, eastern, western and southern Africa face future constraints
if they wish to feed their populations from land within their own
boundaries. For example, nearly all the suitable land in China and all
the surface water of India will be required if those two countries are to
meet their basic food demands by 2040 (Penning et al., 1997).
Furthermore, the growing affluence of some urban populations in
the developing world will demand more meat products whilst rural
poverty levels dictate that prospective crop yields may never be
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attained due to inputs not being adequate to maximize production.
These forces, combined with continuing encroachment of cropping
on to marginal rangeland areas previously used for grazing, suggest
increasing risks of unsustainable resource use. In some locations, this
risk is exacerbated by changes in access to resources such as water and
dry season grazing which have the capacity to destabilize entire
transhumant pastoral systems (de Haan and Gauthier, 1999).
Additionally, non-food and bio-energy crops may be more financially
competitive than basic food production on the better quality land.

These factors suggest that within the global context described
above, rangelands will continue to be minor contributors to food
security issues on a regional or a per country basis. Some developed
nation rangelands will probably continue to supply animals for fatten-
ing in higher rainfall regions, or alternatively for export of live animals
to specific niche markets. An optimistic view for rangelands in some
developing nations is that they might provide a marginal surplus in
livestock products to trade for other food groups and essentials for
daily lifestyle. A pessimistic view is that they will just respond to a
growing domestic demand for livestock products, which for periods of
some decades they might meet (although even now some nations rely
on food aid), until resource depletion and climatic events coincide to
cause severe degradation of the production system and associated
social and economic costs (de Haan and Gauthier, 1999).

Globalized trade and product prices

In 25-50 years’ time, the impact of world trade liberalization, globaliza-
tion of economies and dominance of markets by multinational compa-
nies is difficult to foresee. A medium-term view of the next 10 years
might predict continued downward price pressure on agricultural and
mineral commodities, relieved for short periods by upward price move-
ments brought on by climatic, political or market shocks. Also in the
medium term, globalization tends to advantage consumers in richer
countries more than workers in poorer countries. The inequitable
distribution of world consumption patterns has been maintained or
even increased over the last 25 years in spite of the huge changes in the
global marketplace (UNDP, 1998).

Rangeland production systems can make only a minor contribution
to any world trade effect and thus are driven by it with no ability to
control it. To counter this trend, rangeland production systems (in the
broadest context) may get leverage from the ideals and rhetoric of
sustainable production systems, clean products and regional branding
and promotion to provide some market advantage. With the exception
of mineral products, the general inability of rangeland ecosystems to
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provide volume and continuity of supply due to climate variability
restrict their economic potential to that of a marginal player in the
mainstream commodity markets although they are important in some
regional contexts (e.g. live cattle and sheep trade for Australia). The
amount of higher rainfall land currently set aside from grazing or other
agricultural production in eastern and western Europe and North and
South America could, if brought back into production, quickly displace
rangeland products if demand increases sufficiently to increase prices.

There is, however, a number of opportunities that might emerge
from regionally integrated approaches. The next 50 years will see
continued growth in population and affluence in Asia and its gradual
emergence as the centre of world food trade (Daviron, 1996). Inter-
national markets for cereals are stable or declining while markets for
meat, fish, fruit and vegetables are expanding. The integration of
established dryland industries (pastoralism, tourism, mining) with
irrigated systems (e.g. dates, cotton, etc.) may allow some regional
rangelands to take advantage of globalization, reversing the trend
against declining product prices. However, optimism should be
restrained. The volume and continuity constraints mentioned
previously, and the doubtful long-term sustainability of arid land
irrigation systems given other more economic options for water use and
continuing degradation, impose realistic limitations. Furthermore,
tourism and investment are highly sensitive to perceived instability in
regions and recent experience demonstrates that the magnitude
and rapidity of financial flows in the globalized marketplace has
the potential to significantly destabilize developing nations. These
instabilities and other geo-political changes such as the break-up of the
USSR have also reduced the demand for rangeland products such as
wool and meat (Kerven and Lunch, 1999).

Institutional capacity for change

In both developed and developing countries, the institutions which are
charged with, or assume, management and development responsi-
bilities with respect to rangeland ecosystems and societies have often
done badly in the past 100 years, and are often poorly equipped to deal
with the next 100 years. For example, degradation crises identified
repeatedly over the past 120 years in Australia remain unresolved
in spite of dozens of inquiries and the development of substantial
institutional structures. The plethora of institutional structures can
even generate an ‘institutional gridlock’ crisis where competing
government agencies and their jurisdictional statutes require excessive
evaluation of development proposals (Abel, 1999).
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In other nations such as China, successive institutional change
(from nomadism to state control to privatization of livestock and
private control over capital investment) has tended to intensify range-
land use but without recognition of the environmental and
socio-economic constraints under which rangelands operate, resulting
in marginalization of pastoral communities, increasing inequities and
decreasing resource condition (Wu and Richard, 1999). The new
sedentary pastoral system has also lost the flexible mechanism that
enables effective response to environmental changes. Furthermore,
vulnerability to change may be increased by replacing a diverse
multi-resource economy with a single-product ranching system with
rigid marketing and prices that do not reflect the true cost of
production.

In other regions, particularly in the nations which separated from
the USSR, there has been a demise of institutions which previously
imposed strict controls on land use and management but also provided
support through fodder production, financial backing and subsidized
inputs (Kerven and Lunch, 1999; Wright and Kerven, 1999). The
evolution of new institutional and other arrangements provides an
opportunity for these rangeland regions to be more attuned to the needs
of a globalized world; however, in the process, there has been consider-
able human costs, increased inequities and resource degradation
(Kerven and Lunch, 1999). The capacity to adjust to future change is
uncertain given low levels of capital, degrading infrastructure such as
roads and wells, the lack of scientific and technical groups and the
uncertain tenure arrangements.

In all these cases, authors have expressed the need for reform to
develop locally based institutions which use and enhance indigenous
or local knowledge, that recognize cultural, socio-economic and
environmental factors, that transfer rights and responsibilities to the
local institutions and that develop the meeting places, the language and
the processes whereby regional proposals, issues and disputes might be
explored and resolved (e.g. Abel, 1999). However, institutions are
generally based on precedent not foresight and in a rapidly changing
world, there is the likelihood that they will become outdated as
markets, cultures and environments change. Thus, an adaptive process
needs to be incorporated which can allow for such change. In the past,
rangeland science was seen as a key information source for such
adaptation. However, an evaluation by Scholes (1999) suggests that
classical theoretical, reductionist approaches based on ecological
factors only are likely to make limited contributions to such processes.
Instead, what is required is a more inclusive, comprehensive frame-
work for analysing rangeland issues which incorporates social,
economic and ecological aspects and which provides pathways for
implementation of the decisions made by local institutions. These
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pathways need to link with regional or national governments; however,
both experience and theoretical analyses show that responses by
governments to local institutions dominated by one group of stake-
holders can result in reductions in adaptive capacity rather than
increases (Abel, 1999; Janssen et al., 2000). Furthermore, rangeland
institutions are usually imposed from, or dominated by, forces from
outside the rangelands (e.g. Abel, 1999; Wu and Richard, 1999). Thus
there is little feedback to, or control of, those external institutional
forces to initiate such change (Ebohon et al., 1997; Savich, 1998).

Energy futures

The development of easily accessed and deliverable fossil fuel supplies
has underpinned growth and development in the 20th century. For
rangeland industries this has meant easy and relatively cheap access
to transport, communications and advanced technology and infra-
structure. These are all critical in overcoming the disadvantages of
distance and location that are inherent in rangelands. This era in range-
land development may change in the next 25 years as supplies of
conventional oil are depleted. Petroleum analysts such as Campbell
(1998) caution that by 2015 the lack of major new oil finds and an
expanding rate of consumption may rapidly deplete the world’s
conventional oil reserves.

Alternative viewpoints to those of Campbell abound. These relate
to how depleting conventional oil supplies will encourage the search
for more oil and gas, the extraction of unconventional supplies (oil
from coal or oil shale, gas from methyl hydrates on the ocean floor),
the introduction of a biomass-based fuel cycle (methanol, ethanol,
hydrogen) or rapid technological change leading to a four- to tenfold
reduction in fuel consumption for the delivery of the same service. In
most cases, there are likely to be increases in either the price of the
alternative fuel or in the new, more efficient technologies. This will
increase costs for rangelands, further reducing already declining terms
of trade.

Greenhouse gas emissions

Whatever the approximation of the energy scenarios described above,
there seems little doubt that atmospheric concentrations of carbon
dioxide will double pre-industrial levels (280 p.p.m.) by the end of
this century. This will produce a number of direct and indirect bio-
physical effects in rangeland ecosystems but perhaps more importantly
may give rise to a profound change in the structure and function of
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world, national and regional governance, institutions and industrial
metabolism arising from carbon trading. These changes would be in
response to a recognition that even the least emission-intensive of the
future scenarios developed by the Intergovernmental Panel on Climate
Change (Nakicenovic and Swart, 2000) suggests that atmospheric
concentration of carbon dioxide will rise from 364 p.p.m. currently
to 600 p.p.m. by 2100 with a corresponding rise in average global
temperature of about 1.5° to 4°C and other climatic changes. Climatic
changes may generate additional risks to food, fibre and forestry
production, human health, infrastructure and the natural environment
(Watson et al., 1997).

The aim of the Framework Convention on Climate Change is to
limit these risks and the Kyoto Protocol is the first step in limiting
emissions of greenhouse gases. The Protocol commits most developed
nations to reducing emissions compared with 1990 levels as well as
fostering technology transfer to developing nations through various
activities. In line with the main theme of marginalization in this
chapter we anticipate that rangeland areas will accept policies rather
than set them. However, the combination of lower population densities
than other regions, larger areas, limited ecosystem productivity and
fewer vested interests might provide unanticipated opportunities in a
global carbon market.

It is too early to be definitive about the implications for emission
trading for rangelands, but it is likely that there may be both
opportunities and costs. Opportunities arise from the possibility of
storing carbon in managed vegetation (2.5-25t C ha™', Glenn et al,
1993; 20-30t Cha™, Moore et al., 1997) and in rehabilitation of
degraded soils (8t C ha™, Ash et al., 1996) for purchase as emission
offsets by countries and industries that emit carbon dioxide from the
use of fossil energy. Such arrangements may offer a 30—50-year adapt-
ation period until the carbon pool on a particular area of land is filled to
capacity, or a longer period if successive parcels of land are taken up
and managed for carbon accumulation. Disadvantages arise from the
greater methane emissions per unit product and per unit economic
return for rangeland livestock when compared with those from
livestock in more mesic regions stemming from greater emissions per
unit feed intake and lower rates of productivity (Howden and Reyenga,
1999; Kurihara et al., 1999) and the potentially greater costs of fossil
fuel-based inputs.

Climate and atmospheric change impacts

In addition to possible impacts on rangelands relating to emissions
trading, there may be impacts arising directly from increased levels
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of CO; in the atmosphere and from the associated climate changes.
The impact of these global changes will be experienced differentially
by latitude, nation and region (Watson et al., 1997). Yet again the
rangelands will be affected by the global changes and may have
comparatively fewer opportunities for adaptation, although some are
noted below.

Increasing CO, and temperature and rainfall changes might allow
some rangelands in developed nations to become more productive in
plant, animal and financial terms (e.g. Campbell et al., 1997; Hall et al.,
1998; Howden et al., 1999b) provided there is not a large decrease in
rainfall or an increase in El Nifio-like climate events. However,
increases in animal production may be partly offset by greater fre-
quencies of thermal stress on the grazing animals (Howden et al.,
1999a). Land use options in these rangelands may also be expanded to
include more intensive uses such as cropping in the wetter margins
where soil types permit (e.g. Howden et al., 1999b; Reyenga et al.,
1999). Trade effects induced by disruption or enhancement of pro-
duction systems in other countries may have significant, currently
uncertain impacts (Parry et al., 1999).

The effects on rangelands in Asia will be at best neutral and
perhaps submerged by biophysical issues such as hydrological changes
in the Himalayas and the impact of population growth over the
entire region. Assessments that crop yields will generally decrease
with climate change notwithstanding increased CO, effects (McLean
et al., 1997) suggest that increased pressure will be exerted on the
rangelands for food production as is already happening now (Wu
and Richard, 1999). This will be exacerbated by possible reductions
in grazing areas and productivity from expansion of timberlines
and increases in aridity (Wu, 1999). Increase in disease risk may
have significant implications for human populations (McLean et al.,
1997).

The impacts of temperature rise and rainfall change in African
rangelands could be most severe because of the challenged nature
of the rangeland resources currently, and the prospect of further
population increase, institutional decay and resource degradation
(Zinyowera et al., 1997). However, increased atmospheric CO; concen-
trations may partly offset the impacts of periodic droughts, making
grasslands more resilient to climate variability and human influences
in those areas where soil nutrients are adequate (e.g. Campbell et al.,
1997). A global land-use change study (IIASA, 1999) found that the
interzone area between rangelands and croplands in western
Kenya could be advantaged under rising temperature regimes giving
larger areas of cultivation potential and allowing higher altitude
areas to be brought under cultivation. In this example the issues
described in previous rangeland drivers, particularly population
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growth and institutional decay, could undercut the biophysical
assessment.

Urban-rangeland relations

Since 1950, the number of people living in the world’s urban areas has
jumped from 750 million to 2.64 billion people or 46% of the total (up
from 30% in 1950) (Brown, 1998). Every week more than 1 million
people are added to urban centres, and by the year 2000 nearly half
of the world’s poorest people, some 420 million, were urban.
The investment and management challenge required to meet basic
habitation requirements in the developing world, and to remake the
developed world’s cities into pleasant liveable places, will dwarf the
challenges of rangeland management. Thus rangelands will be driven
by the side effect of the main influences rather than participating in
them.

The rangeland implications of this urban growth is that rangelands
have become, and will continue to be, distanced from the real affairs of
the majority of people and their political decisions. As a percentage of
total populations, probable rangeland populations account for 2%,
15% and 3% for developed nation, African and South Asian regions
respectively (UNDP, 1998). In the past century the economic
importance of rangelands, their myths and their legends have served
them well in terms of political activity, international visibility and
investment decisions. The 21st century is likely to herald the start of
the megacity millennia, where large concentrations of urban people are
seen as the central point of economic growth and the investment
needed to sustain it. The relative importance of rangelands might
only be maintained if they supply services and products central to the
maintenance and survival of those urban concentrations. This supply
may be dependent on the other drivers discussed here.

Cultural homogenization

The rangelands of the world still harbour original, relatively intact and
stunningly different human cultures. African pastoral tribes such as the
Masai and the Boran, the Aboriginal peoples of Australia and the
Indian tribes of North America are examples. However, homogen-
ization of the cultures of the rangelands, akin to that already occurring
in the world’s cities, may occur from a number of forces. These include
uniformity of production methods to meet mainstream commodity
standards at the expense of traditional methods and livestock types,
constraining of management and investment activities to stereotypes
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that meet the perceived needs of global financial markets and the
expectations of tourists for constant levels of facilities and access. The
increased exposure of rangeland peoples to external media may also
lead to greater homogeneity of expectations in terms of lifestyles and
material goals. Furthermore, the communications revolution and the
rapid delivery of information through the Internet may have large
impacts by itself. For example, what were once vastly different lands
and peoples, the remote rangelands are now more and more simply
market places or tourism destinations that are becoming recognizable,
but similar, the world over. Camel rides, humped cattle, romantic
tribesmen and wilderness are now accessed through the travel agent or
the Internet provider. Once a rangeland has been experienced, tasted
and sampled, the global consumer may move at will to the next option
on the global menu. We doubt if rangelands can resist these pressures
although the theme of marginalization may help.

Globalization forces may also engender counter-currents that lead
to cultural differentiation rather than homogenization. For example,
currency and political instabilities arising from globalization of
financial markets are currently resulting in often violent re-establish-
ments of ethnic and regional culture. Internet communications are
providing some Aboriginal groups in arid Australia the means to
re-establish cultural linkages and to be more politically effective in
gaining land rights and access to health and education. Similarly, the
Internet is a potent means of differentiation of tourism markets in
ways that can maintain local cultural integrity if managed by the local
inhabitants.

There is thus a tension between the potentially destructive and
constructive elements of globalization in regard to the development
and preservation of rangelands cultures. Rejecting homogenization
requires cultural visions that are developed and maintained at multiple
scales (i.e. local, regional, national and international).

Invasive Species

Homogenization is also occurring in the flora and fauna of rangelands
through both the deliberate and accidental introduction of non-native
plants, animals and diseases (Huenneke, 1999). Deliberate intro-
ductions arise through the human drive to introduce species for
enhanced food and fibre production, resource conservation and other
uses. Accidental introductions arise through seed lots, feedstuffs,
transport along roads and other transport routes. The likelihood of
accidental introduction seems to be increasing because of reduced
quarantine standards due to governmental cost-cutting and changing
trade regulations, increased global mobility, increased road use and
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increased disturbance including that arising from tourism and leisure
activities. Establishment could be being enhanced by increased nitro-
gen availability from atmospheric deposition from urban and industrial
centres and from increased use of nitrogen-fixing legumes in pastures.
These factors are generally expected to trend upwards leading to
increased potential for invasions (Huenneke, 1999). In addition,
increases in CO, concentrations, increased climate-related disturbance
(droughts, floods, storms, heavy rainfall) from climate change and
changes in geographical ranges of pests and diseases with climate
change may also increase problems arising from such invasive species.
Improved cost-benefit analyses are needed to evaluate this issue
(Mack, 1999) along with perhaps revised ideas of the desirable species
mix of rangeland communities.

The Roles of Science in Adapting to Future Shocks

Extrapolation of these drivers over the next 200 years suggests that
existing downward trends in ecological, social and economic status are
likely to continue and rangelands are likely to become more
marginalized in world and national affairs than they have been in the
past and will suffer continuing and substantial shocks. An additional
aspect of this marginalization is that in most cases there is a lack of
feedback from the rangelands into the causal agents of these drivers
thus providing little capacity for modifying them. Consequently, Foran
and Howden (1999) suggest that a key strategy is establishing adaptive
mechanisms to such changes. Components of such a strategy are to start
to redesign local institutions, to better integrate science with social and
economic considerations and to think laterally and creatively about
how to best use the human and other resources in rangelands. Range-
land science can contribute to the development and implementation
of these strategic tasks, but in many cases this will require both a
substantial change in modus operandi towards approaches which
integrate biophysical, cultural and economic goals as well as a commit-
ment to continuing adaptation.

If historical institutional arrangements have failed to maintain
the function and resilience of rangeland ecosystems and societies,
increasing marginalization can only increase the degree of institutional
failure. Measures to construct more appropriate institutions will
include some of the following:

¢ Intervention by, and enthusiasm from, local communities to take
control of their own development destinies and to use science in
developing and implementing their visions.
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Development of appropriate fora and methods of information
exchange (stories, language, data, experience, culture, structured
interactions, information technology) which enable equitable
participation by all stakeholders and more effective involvement of
science.

Foster the rationale, skills and capacity at a regional level to
interpret the local implications of externally imposed legislation
or other changes, and provide a certification venue for regional
development proposals which includes scientific assessment.
Devise theory and design for new institutions which are sensitive
to the dynamics of societies and ecosystems but which transfer
learning and adaptation so that local ownership and action of
scientific information is maintained.

The new science approaches in rangelands veer inevitably

towards maintaining resource function, diminishing the effects of
marginalization, the development of adequate lifestyle and living
infrastructure and redressing the inequities of poverty, education and
future opportunity. The science itself must be driven by the challenge
of integrating biophysical, social and economic factors and by specific
issues such as future energy options, climate and atmospheric change
and carbon storage opportunities. Some emergent themes are as
follows:

Development of systems and theory which allow regional institu-
tions and their stakeholders to integrate biophysical, social and
economic dynamics and to compare alternative development
strategies over timeframes spanning human generations (25-50
years) (e.g. Abel, 1999).

Developing new modes of habitation and service provision which
embody low levels of energy and materials, have low fossil energy
running requirements and which maximize the local use of labour
for construction and maintenance.

Modelling the material flows needed to maintain a rangeland
regional economy and using industrial ecology concepts to design
alternative regional structures and functions which attempt to
‘close the loop’ on water, material and nutrient flows.

Designing ways of living in rangelands that are less dependent on
transport in and transport out to reduce reliance on possibly erratic
supplies of fossil fuels or expensive alternatives. For example, use
information technology to substitute for material movement where
possible.

Attempting to overcome the limitations imposed by distance,

geomorphology and climate variability has been the goal of rangeland
science for the past 50 years or more. However, these limitations of
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rangelands might have produced somewhat fortuitously a number of
comparative advantages. In spite of past and current degradation, many
rangelands are still essentially natural and lack the pollution problems
in so much of the world’s croplands and highly modified peri-urban
areas. For example, grazing industries can target higher quality markets
that demand and pay for ‘naturalness’ and for features such as freedom
from pesticide and herbicide residues and from diseases such as BSE
(bovine spongiform encephalopathy). Science has a role in identifying
culturally and environmentally appropriate production systems to
meet these market needs. Similarly, increasing woody vegetation, until
now the béte noire of many woody weed ecologists, may provide a
sustaining income for one to two generations of pastoralists as carbon
trading attempts to help urban and industrial societies make the
transition to a new energy economy. Science has a role in quantifying
the trade-offs between different land uses and in developing effective
measurement and monitoring techniques. While distance and erratic
productivity were seen as limitations to livestock productivity in the
past, the space and naturalness that define rangelands can now be
promoted as their greatest cultural asset in a world where more than
50% of all people will live in densely populated urban areas. For
example, instant information transfer can allow erratic production of
uniquely rangeland ‘clean and green’ products to be used as a market-
ing edge to urban consumers seeking experiences different from those
with commodities that are constantly available. There are possibilities
for the use of seasonal forecasting to enhance this marketing capacity.

Conclusion

Throughout this chapter the emphasis has been on rangeland science
needing to be better integrated with the cultural, institutional, business
and environmental concerns of the rangeland stakeholders. This
will require a significant departure from many of the past practices
for rangeland science but will ensure that it remains relevant in an
uncertain future.
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Introduction

Almost 300 million people of the world, across all continents (Fig. 3.1)
are indigenous. The term is both spatially and temporally scale-
dependent (all humans are indigenous to the earth). ‘Indigenous’ has
come to mean the original inhabitants of an area that has been
subsequently occupied by migrants (Seymour-Smith, 1986). Most
colonization has been by migrants from western Europe over the last
few centuries. Even this definition can be problematic, given the long
history of repeated population movements and colonization world-
wide. Frequently the term is reserved for populations which occupy an
economically or politically marginal role compared with later arrivals,
in what the ‘indigenous’ people regard as their own land. But far more
people consider themselves indigenous than this. Peoples not affected
by recent migration, but none the less having a very long history of
occupation and association with land, number 1.5-2 billion. They are
members of local communities practising traditional lifestyles, mostly
in the rangelands of Africa, central Asia, the Americas, the Middle East
and Australia (United Nations Environment Programme, 1992; United
Nations Environment Programme, 1996).

Alienation and displacement of indigenous peoples over the past
few centuries have created massive poverty, inequality and the
degradation of traditional lifestyles. Many groups have been concerned
about the persistence of their cultural and ethnic identity in the face of
technological and population change. Debates about associated social
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Fig. 3.1.  Distribution of rangelands (hatched area) (adapted from the distribution of hyperarid, arid, semi-arid
and dry sub-humid climate regions (United Nations Environment Programme, 1992)) and regional concentrations

of indigenous peoples (shaded area) (as defined by Burger, 1990) who live in rangelands (adapted from Burger,
1990).
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and environmental issues are often highly emotive and politically
sensitive. This is partly due to contrasting world views, including
competing perceptions of natural resources and appropriate resource
use. Many indigenous people perceive themselves as intrinsic elements
of the natural resources, able only to live within their means and not
export elements of the environment to other places and people. This
contrasts directly with many features of modern technological societies
that wish to exploit resources for high levels of wealth generation
by harvest and export. Indigenous people are increasingly asserting
their right to own and control these resources and to return to less
exploitative resource use (Schwartz, 1994; Peers, 1997). They are often
seen as bastions of traditional lifestyles, being less technologically
advanced, but, according to some, more environmentally friendly than
land users from western societies.

It is frequently argued that non-industrial societies evolved sound
subsistence strategies suited to their environment (see for example
Hammett, 1992; Alcorn, 1993; Dwyer, 1994; Agrawal, 1995). However,
there is ample evidence of substantial damage to resources and land
degradation caused by most human groups under most forms of land
use (Blaikie and Brookfield, 1987; Flannery, 1991; Kay, 1994; Kohen,
1995). Indeed, colonizing populations assumed that indigenous
systems of resource management were primitive and unstructured, and
hence were best replaced with what were perceived as modern and
efficient resource uses (see for example Miller, 1999). Colonizing popu-
lations rarely regarded indigenous ways of using and valuing resources
as significant. In addition to physical immigration, new technologies
and different social and cultural ideologies have permeated many
indigenous societies, particularly over the latter half of the last century,
resulting in further alienation and displacement (Milton, 1999).

Most indigenous rangeland groups practised semi-subsistence
hunting, gathering, grazing and/or seasonal agriculture. Compared with
farming areas in higher rainfall regions, rangelands were variable and
of low productivity, leading to flexible patterns of land use, rarely
based on individual ownership or precisely circumscribed areas of
occupation. Indigenous populations were usually of low density and
mobile. However, these areas were among the most biologically diverse
lands in the world (International Society of Ethnobotany, 1988) and
included highly productive grazing land (FAQO, 1980).

What changes were experienced by indigenous populations
through colonization, displacement and incorporation into global
economies? What problems arose when indigenous people competed
for access to rangeland resources with people from different cultural or
technological backgrounds? How are these problems recognized and
articulated? Are there ways in which the inequalities and damage of the
past and present might be redressed?
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Colonization

In the vast majority of cases, colonization curtailed indigenous people’s
land ownership and resource access, restricted alternative livelihoods
and opportunities, and marginalized them politically. A wide range of
social, economic and environmental indicators show indigenous
people to be among the world’s poorest and most disadvantaged (FAO,
1993, 1996). While some colonizers tried to remove indigenous
populations from the rangelands, most were prepared to coexist with
them, under the immigrants’ terms. Land was settled and used for
commercial grazing, agriculture and mining. Indigenous people
were often co-opted into the new enterprises as labour. Tenure and
access conditions were altered to bring indigenous people into the new
economies and limit their potential to resist further immigration
(Brown and Jones, 1999). Even social and economic development
programmes aimed at improving the well-being of indigenous popu-
lations often had profound impacts, as national governments and aid
agencies perceived the traditional way of life as incompatible with
modern values.

East African pastoralists have steadily lost land to farming and
tourism developments over the last 30 years (Fratkin, 1999). In most
areas, neighbouring peoples displaced local populations. Land was
appropriated for commercial farming, funded by international aid
agencies. Competition for land resources was exacerbated by popu-
lation growth, drought, famine, commoditization, sedentarization,
urban migration, political turmoil and civil war. In Namibia, central-
ization of land tenure control and state control of wildlife has alienated
resources; as a result indigenous people lost their livelihood and
wildlife populations declined (Brown and Jones, 1999).

The extent of colonization, displacement and disruption to
indigenous populations over the past few centuries is illustrated in
Table 3.1. The nature and impact of colonizations in different regions
and continents has been vastly different. In some areas there have been
attempts to completely remove indigenous populations from vast areas
(Moore, 1989). In others the colonizers have attempted to coexist with
indigenous people. Attempts to incorporate indigenous people into the
broader economy and newer land use practices have failed (Fratkin,
1991, 1999; Milton, 1999). Where coexistence evolved, indigenous
people remain marginalized and experience declining living con-
ditions. To overcome these problems governments have privatized
large areas of formerly communal rangelands. However, indigenous
people have resisted attempts to restrict their activities to the newly
tenured land parcels. Where local subsistence economies have been
replaced, this has often had profound social and environmental effects,
leading invariably to poorer people in socially and economically
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Table 3.1.

Colonization of lands and effects on the distribution and lives of
indigenous herders, foragers and hunters.

Population of

indigenous
peoples in
rangelands
(estimated
Foragers and from Burger,
Region  Immigration  hunters Herders 1990) References
Africa Extensive Extensively ~ Across most 26 million  Schneider,
mobility and  across most  of Africa, 1979;
colonization  of Africa. particularly Crummey and
within regions in the north Stewart, 1981;
and between (Sahara and Sandford,
ethnic groups. Sahel) and 1986; Galaty
Recent south. Some and Bonte,
colonization adaptation to 1991; Barnard,
mainly from new herding 1992; Smith,
western economies. 1992; Majok
Europe over and Schwabe,
last 300 years. 1996; Spencer,
Nation building 1998;
by centralized Lanyasunya
States and civil etal., 1999
wars continue
to disrupt.
Australia Colonized Over the None. 250,000 Peterson and
from western entire Some recent Langton, 1983;
Europe over  continent. adoption of Schrire and
last 200 years. Strong pastoralism in Gordon, 1985;
land rights arid and tropic Peterson and
development areas. Long, 1986;
recovering Dingle, 1988;
land in remote Lourandos,
regions. 1997
Central  Massive Over most of Most of 89 million  Smith, 1991;
Asia internal Asia. Mostly  central Asia Bothe et al.,
population confined now and northern 1993; Minority
movements, to far north,  and western Rights Group,

displacement
and
immigration
over millennia.
Civil war,
sedentarization
and
segregation
continue.

far south and
south-east in
mountainous
regions.

areas of the
former USSR.
Extensive use
in rangelands
persists.

1994;
Slezkine,
1994; Harris,
1996;
Humphrey and
Sneath, 1996,
1999;
Tsundue, 1999

Continued
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Table 3.1. Continued
Population of
indigenous
peoples in
rangelands
(estimated
Foragers and from Burger,
Region Immigration  hunters Herders 1990) References
Middle Massive Few isolated Continued 104 million Behnke, 1980;
eastand internal groups extensive use Chatty, 1986;
south population persist, of rangelands. Maisels, 1990;
Asia movements, mainly in Harris, 1996;
displacement mountainous Badjian and
and areas. Baktiar, 1999
immigration
over millennia.
Civil war,
sedentarization
and
segregation
continue.
North Complete Across Limited 1.5 million  Williams and
America colonization the entire herding Hunn, 1982;
from western continent. practised. McNeil, 19883;
Europe over Land rights Schwartz,
last 500 years. evolving and 1986; Young
recovering etal., 1991;
land, Fixico, 1998;
particularly in Marks, 1998;
the far north. Ross, 1999
South Colonization  Across the Across the 3 million Moore, 1989
America  of most central and southern
regions northern central and
over last parts of the eastern
500 years. continent regions.
Indigenous
populations
now very
small.
Civil war,
sedentarization
and
segregation

continue.
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marginalized communities. Not all indigenous peoples have been
colonized in recent centuries and some have only experienced partial
colonization. Some indigenous groups persist with their social and
cultural systems still largely intact.

The continued persistence and sustainability of traditional land
use systems does present many challenges. Government attempts over
the last 30 years to nationalize Middle Eastern rangelands to displace
herders’ customary law (Rae et al., 1999) have failed. Indigenous
institutions for rangeland management persisted and ensured that use
of the rangeland was sustainable. However, growing populations, land
scarcity and demands for commercialization of production are placing
enormous pressures on the land and on existing indigenous manage-
ment systems. Diverse use of land by peasants and nomads in Iran
appears to be effectively maintaining both the resources and people’s
livelihoods (Ansari, 1999; Badjian and Baktiar, 1999; Shahvali and
Badjian, 1999). Tsundue (1999) also recorded the way in which
traditional herding methods were adapted to the environment in Tibet
but identified that international aid programmes targeting development
have been detrimental to the persistence of indigenous lifestyles and
practices. Indigenous systems and land use persist in Tibet in the face
of enormous pressure for change by the Chinese government (Miller,
1999). While the competition for resource use is limited because of the
harsh climate, the political pressure to sedentarize, commercialize and
modernize land use practices is substantial. Likewise in Africa, Fratkin
(1999) and Lanyasunya et al. (1999) demonstrated the viability of
subsistence pastoralism and argue for economic and political strategies
that support pastoral sustainability rather than displace it. Rae et al.
(1999), pointing to the persistence and effectiveness of customary
institutions, concluded that these represented substantial resources for
policy-makers, if they were prepared to devolve management to local
organizations.

Redressing the Balance

The emergence and spread of human and indigenous rights movements
over recent decades has led to some redressing of inequalities (Kottak,
1999) in some areas (Australia, Canada and North America). Trad-
itional knowledge about resources and environmental processes has
contributed substantially to the understanding of the rangelands and
their potential. Compensation for, and recognition of, the source of this
knowledge is growing. There are also increasing attempts to restore
land ownership or use rights to indigenous people in recently
colonized countries. The few documented examples of access and use
conflict resolution suggest that some success comes from mutually
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acknowledging and respecting each party’s values and perceptions.
This includes both resource identification and use (see for example
Croll and Parkin, 1992; Price Cohen, 1998; Suksi, 1998; Havemann,
1999).

Despite the highest ideals and directives (United Nations High
Commissioner for Human Rights, 1997)! many activists are concerned
that indigenous societies and subsistence practices are unlikely to
persist in the face of economic globalization. Concurrent with this is
the sense that the loss of indigenous cultural (and, with it, biological)
diversity threatens the persistence of humans, and, more generally, the
diversity of life in the rangelands. While many indigenous peoples
have resisted assimilation into the new societies, most have had no
option but to substantially modify their lifestyles. Changed population
levels, social and environmental conditions, and lifestyle aspirations
mean that it is not feasible for most indigenous peoples to return
to their traditional lifestyles and land use practices. Traditional
rights, especially those maintained by warfare, invasion and social
inequalities, are incompatible with most modern nation-state political
ideologies. However, many indigenous cultures have shown remark-
able resilience, and new lifestyles have emerged drawing on traditional
skills. None the less, indigenous people require access to land and
resources if they are to retain at least some elements of their culture,
lifestyle and knowledge. National and international agreements and
legislation to protect indigenous knowledge and resource use are
developing (Table 3.1), but must tackle complex issues regarding
knowledge and ownership (see for example Johannes, 1989; Brown,
1998; Fourmile, 1998).

Future

New strategies for understanding different perspectives, values and
involvement in rangeland resource use are emerging in some areas.
Participatory rural appraisal and rapid ecological assessment
programmes are reversing the effects of over a century of colonialism in
Namibia (Brown and Jones, 1999). In parts of Africa, communal-area
conservation agreements provide opportunities to manage resources
such as grazing by domestic stock, wood products and water (Matzke
and Nabane, 1996; Pilotlight, 1998). Significant areas of land have been
returned to Aboriginal ownership in the arid rangelands of Australia.
On Aboriginal-owned lands, Indigenous Protected Area agreements

! Article 14: ‘The rights of ownership and possession of the peoples concerned over the lands
which they traditionally occupy shall be recognized,” and, Article 15: ‘to participate in the
use, management and conservation of these resources’.
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between government and indigenous people are tackling conservation
issues (Noble and Ward, 1999). Participatory planning strategies have
set land use strategies based on Aboriginal priorities in Australian
rangelands (Davies et al., 1999). Service delivery programmes devel-
oped for and by indigenous people benefit cultural aspects of American
Indian communities on their own lands (Tippenconic Fox and Stauss,
1999). Recognizing and incorporating traditional ecological knowledge
in resource management as well as providing a mechanism for indige-
nous people to benefit from the use of their knowledge are positive new
developments in some countries. Whilst such approaches are relatively
recent and localized, they demonstrate the possibility of national
programmes supporting rather than undermining indigenous people’s
use of rangeland resources. While traditional rangeland science may
not have a lot to offer in this process it will be critical for rangeland
scientists to include the recognition of differing human values and
perceptions into their understanding of resources and resource uses.
Rangeland scientists should, like members of the broader society,
recognize the variety of valid perceptions of and involvements in range-
lands and their resources and not perceive western technological land
use and commercial pastoralism as the only or best option for the
persistence and sustainability of the rangelands and the people who
live in them.
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A very important question is, ‘What do people of rangelands want
landscapes they live and work in to look like?” Rangeland landscapes
have always been ‘managed’ in some form, and have mostly slowly
changed through time. Are the people of the rangelands going to allow
this change to continue, or are they going to manage for some preferred
‘state’? How do they deal with the notion of pristine, and if it is
accepted that there can never be a ‘pristine state’, then where should
the line be drawn?

Sustainability is discussed, but what does it look like, given that it
is a process rather than an outcome? We need to consider the question
of what state is to be sustained. Given that social systems and ecosys-
tems are seen as incompatible by some, and that ‘most [modern
environmentalists] equate productive work in nature as destruction’
(White, 1996), there is obviously going to have to be compromise.
Scientists and people of rangelands appear never to ask the questions,
‘What do we want the rangelands to look like?’; “‘Who do we want to be
there?’; and ‘What do we want them to be doing?’ One attempt has been
made to define these issues in Australia (National Rangeland Manage-
ment Strategy, 1996) by recording in some detail the community expec-
tations for use of rangelands. However, in spite of the progress made by
this report, it is still ignored as a foundation on which to build future
action.

What is this need to ‘dialogue with the landscape’; an urge
which, we believe, is shared by most rangeland people whether they be
indigenous, scientist, grazier, institution or even urban people?

©CAB International 2002. Global Rangelands: Progress and Prospects
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Background

In managing rangelands, regardless of the scientific information
available to them, people draw, either consciously or unconsciously,
on knowledge that derives from their memes and relationships with
particular places, ecosystems and landscapes. Memes are ideas, habits,
skills, behaviours, inventions, songs and stories copied from other
humans, especially parents and ancestors (Dawkins, 1976; Blackmore,
2000). Rangeland cultures are made up of memes and are inseparable
from local knowledge systems, having co-evolved with them.

Rangeland landscapes are the product of local knowledge and
practice. Yet the significant role of local knowledge in rangeland
decision-making is rarely recognized (but see Heywood et al., 2000)
because such knowledge often fails to fit the conventional scientific
paradigms of rangeland management, being contextual, value-laden,
holistic and not readily amenable to reductionist analysis. Hence local
knowledge is not readily understood if transported to other contexts.

Local knowledge is the basis for creative and spiritual expression of
attachment to place, through a variety of forms such as painting, song,
dance, literature and oral stories largely passed on by imitation. It
is also the basis on which people learn about, manage and monitor
the state of their general environment and specific landscapes.
Recently, increasing attention to the traditional ecological knowledge
of rangeland peoples has highlighted differences between local and
scientifically based knowledge and indicated the potential contrib-
utions of local knowledge to strategies for sustainable development in
the rangelands.

All rangelands occupy a unique place in the ethos and context
of nations that have rangelands within their borders. For example,
Australians see themselves as a nation that has been built on myths and
legends forged mostly in the arid and semi-arid heartlands: the range-
lands. Although most Australian people live outside the rangelands,
there is a connection, often mythical, with the lives of ‘stockmen’. Also
the urban people outside the rangelands believe the special lands
are being degraded and this sets up tensions that cross many scales,
communities and institutions.

In the forefront of the battle to balance community expectations
with ecological necessity are such issues as threats to the health
and sustainability of the ecosystem through inappropriate use, low
levels of economic and social capital and the diminishing rangeland
communities. The environment in which these decisions take place
is one of sentimentality devoid of experience; the tendency to look
at landscape and community as separate issues, and the persistent
application of inappropriate understandings. A holistic approach to
rangeland management that includes the requirements of both social
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systems and natural ecosystems is urgently required (Fitzhardinge,
1999).

People

The most immediate and pressing problems for rangeland management
are ‘people problems’.

Rangeland communities throughout the world suffer enormously from
isolation. Isolation in this context includes geographical, temporal,
political and perceptual isolation. This ‘rural/urban distinction under-
lies many of the power relations that shape the experiences of people
in nearly every culture’ (Ching and Creed, 1997). Nowhere is this
becoming more of a reality than in the rangeland areas of Australia. The
depressed socio-economic environment of most regions contrasts
markedly with the booming national economy and the ethos of global-
ization, youth, multiculturalism and conspicuous consumption that
characterizes cities. Changes in demography and pastoral industry
economics have meant a loss of political and economic power. All this
has led to a loss of what Pretty calls ‘social capital’ (Pretty, 1997).
The reduction of services, of schools and educational facilities, of
communication facilities, transport and other facilities has led to fur-
ther isolation. The concept of social capital is especially important in
the context of recognizing the need for and dealing with change. A
community’s ability to recognize the need for change and to manage the
process would appear to be strongly related to the strength and matu-
rity of that community. This is akin to Pretty’s social capital.

Perceptions

Different understandings about these problems may result from the
different values, objectives and methods in different knowledge systems.

Local knowledge derives from people’s direct experience of the
distinctive social and physical character of particular places and is
underpinned by people’s attachments to those places. It can be defined
as comprising ‘the categories, meanings and cultural practices that
“local” people use to make sense of their world’ (Murdoch and Clark,
1994). Local knowledge systems are thus ways of seeing the landscape,
which both reflect and shape social values and local people’s uses and
management of land. They are ‘learned ways of knowing and looking
at the world. They have evolved from years of experience and trial
and error problem solving by groups of people working to meet the
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challenges they face in their local environments, drawing upon the
resources at hand’ (McClure, 1989, in De Walt, 1994).

Local knowledge also embodies claims to power over land and
resources, especially in the face of counter claims from ‘outsiders’.
Hence, when noted Aboriginal artist from the Walmajarri Tribe, Jimmy
Pike, learned that the designation of his country in north-western
Australia as Vacant Crown Land meant that it belonged to the Queen,
he is reported to have declared: ‘The Queen never bin fuggin walk
around here! Bring her here and I'll ask her: All right, show me all the
waterholes!” (Lowe, 1997).

However, although indigenous peoples have local knowledge
systems of long standing, it is a mistake to equate local knowledge only
with traditional or indigenous knowledge (De Walt, 1994). All people
have local knowledge, though clearly not all local knowledge is the
same. Just as each local ‘community’ comprises a mix of often diverse
and disparate social groups and cultures, so local knowledge systems
can present varied and contested ways of knowing and of managing the
same local environments, all of which may be different from those of
‘outsiders’.

Such is the situation in the Australian rangelands, where local
knowledge systems of Aboriginal people and graziers contest with each
other for power as well as interfacing variously with the ‘outsider’
perspectives of conservationists, government officials and scientists.
This contestation limits the opportunities for sustainable development
to build from the local knowledge systems of both Aboriginal people
and graziers.

What Aboriginal people and graziers share are inextricable linkages
of people and landscape in their respective cultures. Each group’s local
knowledge has co-evolved with their uses of landscape.

Culture in the rangelands embraces both first and second settler histories
and readings of landscape.

However, European settlers ‘didn’t know the landscape’. There is
not a long history of intergenerational experience, and when Europeans
came to Australia they devalued the knowledge of those who did know
the landscape. The first settlers came with expectations derived in
another part of the world, and a language, culture and ‘knowledge’ that
made little sense in their newfound home. Perceptions of landscape
in many cases were dependent on what people expected to find (for
example, Martin, 1993; Seddon, 1997). Even the term ‘landscape’ itself
is a cultural invention. As Seddon says, it was the ‘explanation of the
unfamiliar by the familiar’ (Seddon, 1997).

This has had ramifications for the slow evolution of scientific
understandings of the Australian ecosystem and its sustainable
management. It has also influenced the development of art. Using
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paintings, stories and other art forms as readings of landscape promotes
social cohesion. It reinforces common values and allows points of
conflict to become apparent in non-threatening ways.

Art, or creative activity in all its manifestations, is a prime mode
of communication in local knowledge systems. For settler cultures
in Australia, artistic expression reflects the development of under-
standings and attachments to place.

As George Seddon comments, drawing from Brian Elliott’s succinct
reasoning, in his essay ‘Sense of Place’ behind the need for art:

The first need in a new country or colony must obviously be in one way
or another to comprehend the physical environment. In poetry we find
this need reflected, in colonial times, in an obsessive preoccupation with
landscape and description. At first the urge is merely topographical, to
answer the question, what does the place look like? The next is detailed
and ecological: how does life arrange itself there? What plants, what
animals, what activity? The next may be moral: how does such a place
influence people? And how, in turn, do the people make their mark upon
the place? How have they developed it? Next come subtler enquiries:
what spiritual and emotional qualities do such a people develop in such
an environment? In what way do the forces of nature impinge upon the
imagination? How do aesthetic evaluations grow? How may poetry come
to life in such a place as Australia?

The most important parallel between language and the physical
environment is that both function as media, whether explicable or not,
for complex symbolic expression. Although learning in the object
world occurs both before and during language acquisition, cognitive
processes have largely been analyzed through linguistic models that
present language as the primary determinant of perception, and suggest
that cultural identity requires mutual agreement on categories and
concepts. Such linguistic models fail to adequately explain how the
physical, visual and non-verbal symbolic universe contributes to
cognitive interaction. Recently, linguistics, psychology and anthropology
have begun to correct this imbalance, acknowledging fully the object
world’s role as ‘vehicles of meaning’ (Miller, 1987). As Piaget (1951) has
pointed out, language is incorporated at a relatively late developmental
stage in constructing a symbolic universe. In addition, language is
often limited by its explicit and linear form, requiring consecutive
interpretation, while visual or physical symbolism is more lateral in its
nature, permitting simultaneous absorption of a complex of meanings.
Thus the physical and visual worlds, rather than language, are the
primary media in which every object or image carries meanings,
associations and values, which may be expressed through language,
ritual, art and action.

(Seddon, 1997)

This discussion of the role of the non-verbal helps account for the
use of objects and topography, as in song lines or Polynesian shell-star
maps, to define relationships and meaning, not without words, but
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using words as the cement in the building blocks of knowledge and
values attributed to the landscape.

For the attainment of sustainable systems, both the ecosystem and the
socio-economic systems must be healthy.

Agricultural systems as introduced to Australia from England
and Europe were a product of a long co-evolution between the social
system and the ecosystem; an evolution that took place in another part
of the world. For those who doubt the importance of this fact, it is
worth contemplating how Australia would look had the land been
colonized by Arabs, for example. No doubt we would have a different
balance of imported animals, a different land tenure system, and
perhaps even a different financial system, remembering that under
Islam the payment of interest is haram (anathema) (Buchan, 1997)!

How has this cultural preconditioning and lack of co-evolution
with the ecosystem manifested itself in the rangelands? The impact of
previously developed cultural mores has penetrated almost every area.
It affects the land tenure system, with a current manifestation of that for
Australian landholders being the challenges posed by Aboriginal land
rights. It affects how properties are run and managed (with introduced
sheep and cattle, ‘drought’ assistance). As a flow on from this, it affects
how we value land (‘What is it good for?’) and other natural resources,
such as water. However, probably the most damaging outcome in terms
of the ecological and social sustainability of the rangelands has come
from an unlikely source: the financial system.

In simple terms, the financial system enables the consumers of
goods and services to reward the providers of these in a way that is
a measure of their usefulness (value). Thus, graziers with flocks of
sheep for wool production were rewarded for their labours by the
price of wool. In terms of the wool production system, everything had
a value in terms of the value of the final product. Things such as land,
water, trees, biodiversity and the like could now be valued (in terms
of their contribution to production). This then sent a clear message in
a very practical sense to graziers about the ‘ecosystem value’ the
community placed on natural resources. Levels of resource use were
justifiable in terms of the financial rewards provided. It is only recently
that there has been a general recognition of the problems this approach
presents.

The reasons are clear. Monetary value is a very poor measure of real
‘value’ in all situations outside the financial system. It is hard to value
biodiversity, for example. With the growing awareness of the ecological
vulnerability of the Australian landscape, there is a growing raft of
concerns and sentiments held by the larger community that are not
measurable in a strictly monetary sense. This is the real hub of much of
the problem of rangelands management. Individual graziers are being
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rewarded for doing one thing, but being asked to do something else. It
will not be until there is a closer alignment of rewards with appropriate
or desirable behaviour (as decided by the wider community) that
substantial and sustainable changes in practice will be made.

Respect for all forms of local knowledge is important for social cohesion,
regardless of the perceived utility of that knowledge in promoting
production or ecological goals such as biodiversity conservation.

Epistemological explorations of local knowledge — that is, examin-
ations of its nature, methods and limitations — often compare it to
science, drawing out similarities and differences. Science is presented
as an objective way of knowing, free of contamination from social
factors such as values (Clark and Murdoch, 1997). Its methods aim to
remove the influence of the emotions, feelings, perceptions and
intuition — the factors that determine the way that meaning is
constructed out of experience in local knowledge systems (Kersten
and Ison, 1994). Science is claimed to be powerful because its under-
standings are universally applicable whereas local knowledge can
only achieve understanding in the particular contexts in which it
was developed (Kloppenburg, 1991; De Walt, 1994; Murdoch and
Clark, 1994).

However, attempts to rigidly distinguish scientific and local
knowledge are flawed. Agrawal (1995) argues that both scientific and
local knowledge systems are too heterogeneous to maintain a dichot-
omy and, further, that long-standing exchange and transformation of
knowledge between cultures has now created pervasive interconnec-
tions. Recognizing that local knowledge is context dependent, Agrawal
points out that scientific knowledge also has a context and that failure
to appreciate this is a reason why technological solutions have so often
failed when applied in rural development.

Science’s claim that it is unique in being a system of value-free
knowledge can be readily criticized, for example, because science has
privileged value systems that see people as rightfully dominant over
nature and has excluded values of harmony and cooperation. As
feminists have pointed out, it reinforces patriarchal values. Indeed,
what science studies is a product of tradition, fashion and other social,
political and economic factors, and of practical logistics. These things
determine what proposals will attract funding, what methods will be
acceptable to peers and what outcomes scientists will seek. There is
little that is objective or value-free about them (Kloppenburg, 1991;
Murdoch and Clark, 1994; Turnbull, 1997).

The capacity of science to generate knowledge that is transportable,
allowing it to be applied in many different contexts, is actually a
function of how scientific knowledge is validated and transmitted, not
of scientific modes of investigation. Science is, in fact, produced
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locally. It shares this localism with all other knowledge systems.
Science starts with the detailed study of local phenomena — it then
faces the problem of how to make itself universal (Clark and Murdoch,
1997).

All information or insight must be communicated to and accepted
by other people before it becomes part of a system of knowledge. In
local knowledge systems, information is disseminated using stories,
art, ceremony, ritual, community associations, cooperative work
practices and social gatherings. These build and reinforce the trust
and authority needed for any information to be accepted as valid
knowledge (Turnbull, 1997; Weeks and Packard, 1997). Science
works in different ways. It creates models (temporal and spatial
measurement, maps, algorithms, taxonomic hierarchies and dichoto-
mous keys) to structure the messy nature of information in ways
in which it can be more consistently described. In this sense it is the
same as producing an art work — you put ‘form’ around a mass of
perceptions (‘seeing’) and structure them into a picture that can be
‘read’. In doing so, you generally ‘pull out’ the significant features —
simplify to get the whole picture. Science uses methods such as
disciplinary societies, peer review, published journal articles and
reproducible experiments to validate knowledge and transmit it from
one local setting to another (Clark and Murdoch, 1997; Turnbull, 1997).
It is this well-developed impersonal capacity for organizing, validating
and transporting knowledge through space and time that allows
science to claim universality.

The legacy of the ideology that science is somehow better and
more ‘fit for survival’ than local knowledge systems remains apparent
in the ‘deficit models’ applied to rural development and extension
activities. Deficit models conceive that people behave in ways that are
undesirable (to the outside observer) because, being dependent on local
knowledge, they lack the proper information (Weeks and Packard,
1997). Thus in environmental management, extension activity has
frequently assumed that farmers mismanage soil and water as they lack
the information on how to manage natural resources properly: ‘What
rural people know is assumed to be “primitive” and “unscientific”, and
so formal research and extension must “transform” what they know in
order to “develop” them’ (Pretty and Shah, 1997). Only recently has
mainstream science and public policy in Australia recognized value in
local knowledge systems and sought to work with them. One example
of this is found in the Landcare Movement.

Landcare can be characterized as a social movement — since it
transforms knowledge as people take action — ‘cooperating, sharing,
combining knowledge — to overcome the limits on the knowledge
that they individually possess’ (Wainright, 1994 in Hassanein and
Kloppenburg, 1995). A significant proportion of graziers, perhaps 50%,
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are now involved in a Landcare or similar group.! Involvement seems
to be positively correlated with education levels (Holmes and Day,
1995), suggesting the possibility that the more exposure that graziers
have had to scientific concepts, the more likely they are to become
involved in these participatory learning and action processes.

While innovative and creative, the participatory processes that are
now active in Australian rangelands remain constrained by the
conservatism of tradition. Grazier landcarers aim to establish more
viable industries and higher quality of production. They are accommo-
dating some conservation objectives but are unable or uninterested in
redefining their role to be land stewards first and production managers
second, as Holmes (1996) and Stafford Smith (1994) suggest is needed
for sustainable management, at least in the many rangeland regions
which do not have high future potential for grazing businesses.
Conservatism also entrenches lack of effective communication between
Aboriginal people and non-Aboriginal graziers. Differences in range-
land production systems, social and professional networks and
communication styles isolate the participatory learning and action
processes that the two groups are engaged in. Economic stress and a
lack of creative thinking applied to rangeland tenures (Holmes, 1996)
contribute to this conservative environment for planning. Even in
regions where Aboriginal people and graziers are both accessing the
same suite of government programmes to fund their participatory learn-
ing and action activities, there is little or no interface between what
each group is doing and their ways of knowing.

Significant values and ways of seeing now held in common by
non-Aboriginal graziers (Holmes, 1986; Holmes and Day, 1995) and
Aboriginal people include their shared identity with rangeland
landscapes, their sense of stewardship, and the way that their own
personal experiences structure their readings of the landscape. Such
commonalities suggest there is some basis for graziers and Aborigines
to apply their local knowledge together in sustainable development
of the rangelands. Social sustainability in the rangelands depends on
this since, outside the towns, Aboriginal communities and pastoral

! Limited data are available on Landcare participation in the rangelands but 55% of the South
Australian pastoralists who responded to Holmes and Day’s (1995) survey are members of a
Landcare group or similar organization. Critical comparison of Landcare in the rangelands
and elsewhere would be valuable and is likely to reveal differences in participation and in
the nature of Landcare activities which reflect biophysical and socio-cultural differences
between rangelands and other rural regions. For example, as Baker (1997, p. 65) points out,
it is probably no coincidence that many successful Landcare groups are found in small river
valleys. In such places geography imparts a strong sense of community. In contrast,
rangeland landscapes and land ownership patterns tend to disperse people. The high
incidence of statutory organizations (e.g. Soil Conservation Boards in South Australia; Land
Conservation District committees in Western Australia) amongst rangeland Landcare and
similar groups suggests that government has needed to catalyse participatory learning and
action in rangelands to a far greater extent than in other regions.
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families are typically the only rangeland residents. However, recent
power struggles over native title rights have imposed further barriers to
doing so.

Science is most effective in promoting change where it builds on adaptive
capacity.

There remain critically useful areas for science to be applied to
link local knowledge into larger frameworks, and of course, vice versa.
Sufficient research into learning theory and application in various
group techniques makes it clear that local or indigenous knowledge is
often accurate and should be valued along with the external data — but
it cannot be admitted if it is patently illogical or physically incorrect.
This includes learning that is described as ‘heuristic’, which is often
held up as an important element of the learning obtained through
group, adult or experiential learning systems. A useful definition of
heuristics is ‘specific mental strategies to solve specific problems’ or a
heuristic as ‘a simple and approximate rule which solves a certain class
of problems’ (Piatelli-Palmarini, 1994).

It is important to note that it is not a question of the nature or the
accuracy of the base information available to the person making a
decision that produces the errors, but the manner in which the person
has learned to process or decide about the available information. The
key is providing the skills for people to ‘think through’ their opinions
and decisions — to identify the roots of preferences and prejudices to
produce a ‘map’ of the principles that are being invoked. For example,
in clearing timber beside the road in the front paddock, family
members were distressed not because it destroyed the koala’s trees but
because it destroyed the landscape of the father’s story concerning his
first arrival at the property.

The answer is not more information but ‘friendly’ ways to construct
new heuristics that are more accurate. This suggests that an ideal and
very important function for modelling/science is the development and
presentation of heuristics (or ‘rules of thumb’) that are logical and
integrated with a wider system or knowledge framework.

The Future — Integrating Knowledge

Key challenges for the future are to maintain the adaptive, resilient
capacity of local knowledge systems, to integrate science with local
knowledge in ways that promote sustainability and to encourage a
system that rewards sustainable production, rather than production.
Strategies that might be adopted to address these important
challenges include integration of local knowledge within educational
systems and paying particular attention to language issues that inhibit
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communication. Extension strategies that inform and facilitate rather
than rely on prescription should be encouraged, and the context of the
scientific knowledge that is being used should be understood and
available. The Australia National Rangeland Management Strategy
(1996) should be adopted as a foundation on which to move forward in
sustainable rangeland management in Australia. Promotion of aware-
ness of outcomes from integration and the use of cultural media such as
art to reflect on and challenge understandings are also strategies worth
considering.

Finally, it is important to provide non-threatening forums to
people of all backgrounds and ages to channel their knowledge into
meaningful discussion of environmental issues.
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Desertification and Soil 5
Processes in Rangelands

David Tongway and Walter Whitford

Introduction

The term desertification was coined to graphically represent the state of
the Sahelian lands in the 1970s when major drought accompanied by
big increases in the human population served apparently to cause the
desert margins to move into formerly more productive land (UN, 1977).
The image of an encroaching desert is powerful and evocative and
resulted in major international efforts to understand and deal with
the problem. Since that time, the concept of desertification has been
modified to the extent that the desert is no longer seen as inexorably
increasing in size, nor restricted to the Sahel (Zuozhong and
Xiangzhen, 1999; Arnalds, 2000). Most rangeland areas in the world
have suffered some sort of degradation and recent reviews (Archer and
Stokes, 2000) have shown the process to be not at all restricted to
hot deserts or areas of high population density. This is not to deny,
however, the major effects on the human populations using these lands
and no doubt, much hardship has been endured.

Subsequently, attention has been directed towards assessing the
loss of productive potential of the affected lands and understanding the
biogeochemical implications of desertification. The temporal nature of
loss of edaphic productivity has always been a key element of these
studies. Is the loss of productivity long term? Can soil productivity be
returned sooner rather than later?” Was the observed effect ‘superficial’
and spontaneously reversible on the return of favourable seasons?
What soil processes were affected by desertification and how can

©CAB International 2002. Global Rangelands: Progress and Prospects
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a better understanding of these improve our management of the
macroscopic human problem in future?

This chapter provides a global perspective on the effects of deserti-
fication on soil processes. The human dimension of desertification has
been covered previously (UN, 1977). In particular we ask whether
approaches developed, processes identified and solutions elucidated
in one part of the world can be applied in other regions without the
need for additional primary research. If landscapes and soil processes
can be understood at a sufficiently fundamental level, this systems
knowledge can be adapted to other biomes in a relatively straight-
forward manner. This would reduce the need for the difficult and
expensive research on fine-scale biological processes in rangelands
that are remote from laboratory facilities. This position contrasts with
macroscopic studies where differences in human culture, species,
climate, geology and so on conspire to make every locale unique. We
also consider to what extent knowledge at fine or micro levels could
provide insight at coarser scales and thus contribute to the develop-
ment of monitoring systems that will identify critical thresholds or
early warning signs. Is there a sufficient accumulation of knowledge
that could be used to provide appropriate cost-effective rehabilitation
of potential soil productivity?

Soil Processes and Desertification

In any biome, the physical, chemical and biological properties of
the soil determine how stable it is to erosion, whether water is able
to infiltrate into it, how much water it can store, and the rates and
directions of nutrient cycling. These characteristics in turn determine
soil productivity. In rangelands, the maintenance of soil processes
and properties relies mostly on natural biological processes, in contrast
to agricultural lands where management practices intervene to manipu-
late soil properties overtly and regularly. Herrick and Whitford (1999),
discussing the continuum of processes from the 0.2 um scale up to
catchment scale, emphasize that at each scale there are processes
mediated by different sets of biota, all contributing to the macroscopic
behaviour of soil in terms of its stability and porosity (Fig. 5.1).
In desertification, the central issue is the breakdown of processing
of organic matter which provides both energy and nutrients to soil
organisms. Most of the organic matter has its origin in vascular plants
that capture atmospheric carbon. A hierarchy of soil organisms is
involved in processing organic matter (Whitford and Herrick, 1995;
Lavelle, 1997). The roles of these organisms are understood in general
terms, but not in as much detail as many above-ground processes.
Unanswered questions relate to the consequences flowing from the
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replacement of perennial plants with annuals or ephemerals in terms
of altering the dynamics of the availability of organic matter and its
quality in terms of mineralization potential. Whitford and Herrick
(1995) have shown that profound changes can occur, and that these
changes affect the ongoing functioning of the system. For example,
there are changes in the below-ground carbon allocation between
guilds of organisms; the nature of root exudates affects rhizosphere
processes and mycorrhizal symbioses. Knowledge of pathways
involved in the transfer of organic compounds between plants and soil
organisms is poor at a global level.

To maintain key processes, a continual supply of ‘fresh’ organic
matter is required (Oades, 1993). As desertification proceeds, the
supply of organic matter to soil organisms is greatly attenuated, either
because above-ground material is harvested by large herbivores or
simply because production slows. The question of what happens to the
soil-dwelling organic matter processing organisms during this hiatus is
central to understanding the effect of desertification at fine scales.
Kinnear and Tongway (1999) showed that some mite (Acarina) species,
which have a central role in organic matter processing, were adversely
affected by heavy grazing pressure, a precursor to desertification. Mites
occupy and rely on very small air-filled pores in the soil. Their
disappearance implies both lack of organic matter and partial collapse
of soil structure. Soil compaction is often recorded as a consequence of
desertification. This may operate at very fine scales where soil fauna
provide both the mechanism and the structures that typify ‘healthy’
soils. Restitution dynamics appear positive in this case, but more study
is necessary for a more complete understanding.

In rangelands, processes such as resource trapping by plants
and other surface ‘obstructions’ during ‘normal’ times modify the
immediate edaphic environment of vascular plants, improving their
nutrient and water supplies to levels not predicted by macroscopic
climatic summaries. Runoff/run-on and erosion/deposition processes
result in distinct ‘fertile patches’ associated with perennial plants
(Allsopp, 1999; Mazzarino and Bertiller, 1999; Northup and Brown,
1999a,b). These fertile patches support the production of above-
and below-ground organic matter. Intuitively there should be a direct
link between relatively easily observed surface features, such as
plant density, through to elevated soil property levels and the
micro-processing of organic matter. There is a strong feedback link
from the latter to plant rhizosphere processes (Herrick and Whitford,
1999) and nitrogen cycling (Mazzarino and Bertiller, 1999) (Fig. 5.2).

Above-ground patchiness has been used by Tongway and Hindley
(2000) in proposing an indicator system for monitoring desertification
processes. They used the framework of Ludwig and Tongway (2000)
which acknowledges the below-ground processes referred to above, at
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Fig. 5.2. Feeding relationships of soil fauna of a semi-arid ecosystem.

least in principle. Typically, the marked differences in soil properties
at the plant/interplant scale have been referred to as ‘heterogeneity’.
This was necessary to show how different natural landscapes are from
managed agricultural landscapes that are homogenized by ploughing,
fertilizer and water additions. However, it is not the heterogeneity per
se that is important here, but the fact that the fertile patches had
soil property values well above critical thresholds for the maintenance
of perennial plants in adverse climates. The loss of these plants and
their fertile patches (Tongway, 1991) triggers the soil degradation or
desertification process: that is, the edaphic environment falls below a
critical threshold and there are few autogenous processes for their
reconstitution. Feedback mechanisms close down. This has been
widely reported (Belnap et al., 1999; Eldridge et al., 1999; Zuozhong
and Xiangzhen, 1999).

Ludwig and Tongway (2000) have suggested a ‘systems’ approach
to the assessment of landscape function. They advocated an objective
description of the loss of soil productive potential in place of the
emotive term of desertification. They proposed a conceptual structure
or framework to organize knowledge and make provision for
cross-scale analysis, using information such as that referred to above.
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This framework uses processes and their interactions as its basic input
information set, expressly recognizing spatial effects and sequences of
processes. It is possible to construct various simulation modules as
part of this framework, representing runoff/run-on or nutrient cycling
processes and to take into account consumptive processes such as fire
and grazing.

Future Directions

Knowledge of within-soil processes is minimal for our purposes, but
by using a framework that expressly covers a broad functional scale
and integrates up to patch and local catchment scales, workable
monitoring procedures for assessing soil productive potential are
possible. Greater knowledge of the biology of soil processes is required,
particularly in relation to alternative pathways and ‘bottlenecks’, the
capacity of suites of organisms to survive in desertified circumstances
and the consequences if they do not. Recolonization pathways for
key groups of organism must be better known at both scientific and
management levels to ensure that the processes they mediate can be
restarted.

We propose Fig. 5.3 as exemplifying the activity in the soil
processes area. If these activities are kept in balance and in
mutual communication, the technical tools necessary to deal with
desertification are within our grasp.

] New knowledge
Fine scale High precision
relationships Simple relationships
A Reductionist
A 4
Integrative
Landscape spatial Complex systems
context Explicitly spatial
Predictive Action plans
understanding Policy
e.g. rehabilitation

Fig. 5.3. Interactions between basic research, integrated landscape frameworks
and policy instruments needed to deal with desertification.
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