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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
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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

xiv Preface
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1Challenges for Rangeland
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
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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

2 A.C. Grice and K.C. Hodgkinson
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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

Challenges for Rangeland People 3
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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.

4 A.C. Grice and K.C. Hodgkinson
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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

Challenges for Rangeland People 5
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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.

6 A.C. Grice and K.C. Hodgkinson
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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 Díaz, 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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2Future Shocks to People and
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 CO2 and CH4 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

12 S.M. Howden et al.
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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

Future Shocks to People and Rangelands 13

1995 2020 2050 2100

Africa
Asia East
Asia West
Europe
Latin America
North America

Less developed
More developed

World

720
1956
1445
808
477
297

4451
1251

5702

1332
2444
2228
825
693
359

6541
1340

7879

2040
2760
2995
766
906
406

8554
1319

9874

2366
2704
3136
624

1056
467

9137
1216

10350

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).
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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

14 S.M. Howden et al.
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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).

Future Shocks to People and Rangelands 15
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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

16 S.M. Howden et al.
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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 (2.5–25 t C ha−1, Glenn et al.,
1993; 20–30 t C ha−1, Moore et al., 1997) and in rehabilitation of
degraded soils (8 t C ha−1, 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

18 S.M. Howden et al.
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of CO2 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 CO2 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 Niño-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 CO2 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 CO2 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 CO2 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 bête 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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3Indigenous People in
Rangelands

Graham Griffin

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

CAB International 2002. Global Rangelands: Progress and Prospects
(eds A.C. Grice and K.C. Hodgkinson) 29

45
Z:\Customer\CABI\A4241 - grice\A4334 - Grice - Global Rangelands #C.vp
Wednesday, June 19, 2002 10:42:16 AM

Color profile: Disabled
Composite  150 lpi at 45 degrees



30
G

. G
riffin

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 (FAO, 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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Region Immigration
Foragers and
hunters Herders

Population of
indigenous
peoples in
rangelands
(estimated
from Burger,
1990) References

Africa

Australia

Central
Asia

Extensive
mobility and
colonization
within regions
and between
ethnic groups.
Recent
colonization
mainly from
western
Europe over
last 300 years.
Nation building
by centralized
States and civil
wars continue
to disrupt.

Colonized
from western
Europe over
last 200 years.

Massive
internal
population
movements,
displacement
and
immigration
over millennia.
Civil war,
sedentarization
and
segregation
continue.

Extensively
across most
of Africa.

Over the
entire
continent.
Strong
land rights
development
recovering
land in remote
regions.

Over most of
Asia. Mostly
confined now
to far north,
far south and
south-east in
mountainous
regions.

Across most
of Africa,
particularly
in the north
(Sahara and
Sahel) and
south. Some
adaptation to
new herding
economies.

None.
Some recent
adoption of
pastoralism in
arid and tropic
areas.

Most of
central Asia
and northern
and western
areas of the
former USSR.
Extensive use
in rangelands
persists.

26 million

250,000

89 million

Schneider,
1979;
Crummey and
Stewart, 1981;
Sandford,
1986; Galaty
and Bonte,
1991; Barnard,
1992; Smith,
1992; Majok
and Schwabe,
1996; Spencer,
1998;
Lanyasunya
et al., 1999

Peterson and
Langton, 1983;
Schrire and
Gordon, 1985;
Peterson and
Long, 1986;
Dingle, 1988;
Lourandos,
1997

Smith, 1991;
Bothe et al.,
1993; Minority
Rights Group,
1994;
Slezkine,
1994; Harris,
1996;
Humphrey and
Sneath, 1996,
1999;
Tsundue, 1999

Continued

Table 3.1. Colonization of lands and effects on the distribution and lives of
indigenous herders, foragers and hunters.
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Region Immigration
Foragers and
hunters Herders

Population of
indigenous
peoples in
rangelands
(estimated
from Burger,
1990) References

Middle
east and
south
Asia

North
America

South
America

Massive
internal
population
movements,
displacement
and
immigration
over millennia.
Civil war,
sedentarization
and
segregation
continue.

Complete
colonization
from western
Europe over
last 500 years.

Colonization
of most
regions
over last
500 years.
Indigenous
populations
now very
small.
Civil war,
sedentarization
and
segregation
continue.

Few isolated
groups
persist,
mainly in
mountainous
areas.

Across
the entire
continent.

Across the
central and
northern
parts of the
continent

Continued
extensive use
of rangelands.

Limited
herding
practised.
Land rights
evolving and
recovering
land,
particularly in
the far north.

Across the
southern
central and
eastern
regions.

104 million

1.5 million

3 million

Behnke, 1980;
Chatty, 1986;
Maisels, 1990;
Harris, 1996;
Badjian and
Baktiar, 1999

Williams and
Hunn, 1982;
McNeil, 1983;
Schwartz,
1986; Young
et al., 1991;
Fixico, 1998;
Marks, 1998;
Ross, 1999

Moore, 1989

Table 3.1. Continued
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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

Indigenous People in Rangelands 35

51
Z:\Customer\CABI\A4241 - grice\A4334 - Grice - Global Rangelands #C.vp
Wednesday, June 19, 2002 10:42:19 AM

Color profile: Disabled
Composite  150 lpi at 45 degrees



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)1 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

36 G. Griffin

1 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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4Rangelands: People, Perceptions
and Perspectives

Denzil Mills, Roger Blench, Bertha Gillam,
Mandy Martin, Guy Fitzhardinge, Jocelyn
Davies, Simon Campbell and Libby Woodhams

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
(eds A.C. Grice and K.C. Hodgkinson) 43
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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

44 D. Mills et al.

60
Z:\Customer\CABI\A4241 - grice\A4334 - Grice - Global Rangelands #C.vp
Wednesday, June 19, 2002 10:42:20 AM

Color profile: Disabled
Composite  150 lpi at 45 degrees



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.1 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
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1 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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5Desertification and Soil
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
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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 µm 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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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.
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6Understanding and Managing
Rangeland Plant Communities

Steve Archer and Alison Bowman

Introduction

An understanding of plant communities and their dynamics is
central to management aimed at minimizing degradation, promoting
restoration or sustaining productivity of the world’s rangelands. The
spatial organization and temporal dynamics of communities are
influenced by resource availability (e.g. water, nutrients), stresses (e.g.
temperature, salinity) and disturbances (e.g. fire, grazing) as these affect
plant performance. The differential responses of plants variously
adapted to acquire resources and tolerate stress and disturbance affects
species interactions and population dynamics (recruitment, longevity
and mortality). Resource availability, stress and disturbance also
vary with time and across space. Soils and topography modulate plant
and community responses to these. This spatial and temporal variation
produces patterns and ‘behaviours’ in communities and may induce
fluctuation or directional change in community composition.

The challenge facing ecologists and managers is to recognize and
understand the constraints imposed by these factors at various spatial
and temporal scales and determine how and when they might be
effectively manipulated or modified to reach desired goals. There are
various approaches to achieving this recognition and understanding.
This chapter will argue that: (i) the role of nitrogen as a determinant
of plant communities in rangelands has been underestimated; (ii)
the importance of positive species interactions (facilitation) has
been under-appreciated; and (iii) the benefits that might accrue

CAB International 2002. Global Rangelands: Progress and Prospects
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from explicitly combining descriptive, experimental, monitoring and
modelling approaches in a hierarchical framework have yet to be
realized.

Contrasting Perspectives on Community Organization

Limiting factors: water vs. nitrogen?

Low and variable annual rainfall is a prominent feature of
many rangelands. Moisture has typically been regarded as the
limiting resource and driving force in community dynamics. However,
nutrient availability may also exert a strong influence. There are
clear evolutionary trade-offs between features enabling plants to
tolerate nutrient-poor conditions and features conferring competitive
superiority under nutrient-rich conditions (Chapin, 1980, 1993;
Berendse and Elberse, 1990; Aerts and van der Peijl, 1993). Further-
more, plants can modify soil nutrient status (Hobbie, 1992) in ways
which may promote or deter community change (Tilman and Wedin,
1991; Binkley and Giardina, 1998; Schlesinger and Pilmanis, 1998).
Linkages between nutrient cycling and plant community dynamics
may thus be strong (Rietkerk and van de Koppel, 1997; Wedin,
1999). To what extent has our focus on water in isolation from
nutrients constrained our understanding and management of plant
communities?

It is generally assumed that at lower levels of annual precipitation,
above-ground net primary productivity is limited primarily by water,
whereas at higher levels of precipitation, it is limited primarily
by nitrogen. Hooper and Johnson (1999) tested this assumption by
synthesizing results from fertilization experiments in arid, semi-arid
and subhumid rangelands. Their survey found no strong evidence of
a shift from a water to a nutrient limitation across a wide geographic
rainfall gradient. Indeed, responses to N addition were typically
positive, even at dry locations and even in years of below average
rainfall. Such results suggest tight coupling between water and
nitrogen and co-limitation (Chapin et al., 1987; Chapin, 1991), an inter-
pretation also supported by process-based dynamic simulation models
(Schimel et al., 1997).

Plant community studies that focus solely on water without
accounting for plant-available soil nitrogen may be overlooking a
critical factor. Contradictions in predictions of plant community
response to moisture might be resolved if nitrogen is factored in.
The physiological and evolutionary responses of plants to nutrient
limitation and the responses of microbial decomposers to plant
tissue chemistry create feedbacks that may reinforce N limitations

64 S. Archer and A. Bowman
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(Vitousek, 1982; Hobbie, 1992; Chapin, 1993). Disturbances such as
grazing and fire may alter or disrupt the feedbacks between vegetation
and N availability (Fig. 6.1) (Holland et al., 1992; Seastedt, 1995;
Wedin, 1995, 1999) and propel a community into alternate stable states
(Jefferies et al., 1994; Pastor and Cohen, 1997; Rietkerk and van de
Koppel, 1997; Rietkerk et al., 1997).

All temperate and tropical biomes receive more N via wet and
dry deposition today than pre-industrially; and northern hemisphere
temperate ecosystems receive more than four times that of pre-
industrial levels (Holland et al., 1999). Given these recent increases in
N deposition, there is a pressing need to understand how water and N
influence ecosystem processes both independently and interactively
(Burke et al., 1991; Vitousek et al., 1997). If, for example, N deposition
reduces or alleviates N limitations in rangelands, primary production
and species composition may become more sensitive to temporal
variation in rainfall and change the nature of management risk and
uncertainty.

Managing Rangeland Plant Communities 65

High nutrient availability

Rapid growth

Plants with low
carbon-based
2o compounds

Plants with high
carbon-based
2o compounds

Slow growth

Low nutrient availability

Moderate
grazing

Heavy 
grazing

Rapid
decomposition

Rapid leaf
turnover

Nutrient return
(faeces/urine)

Erosion/leaching
& volatilization

Change in
species

composition

Slow
decomposition

Slow leaf
turnover

Fig. 6.1. Conceptual model of plant–soil feedback in low (upper panel) and high
(lower panel) fertility sites and how prolonged heavy grazing might transform a
high fertility site to a low fertility site, by altering species composition and
plant–soil interactions (adapted from Chapin, 1993). In this conceptual model,
nutrients, rather than water, drive community response to grazing.
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Species interactions: competition vs. facilitation?

Established plants exert a sphere of influence on soils and micro-
climate in the vicinity of their canopies. This sphere of influence has
typically been viewed from the perspective of competition (Keddy,
1989; Walker et al., 1989). However, plants may also serve as recruit-
ment foci and create conditions conducive to the germination,
establishment or growth of other plants. As such, positive interactions
among species (facilitation) may play an important, but under-
appreciated role in the organization and dynamics of plant communi-
ties. Under what conditions is facilitation likely to occur and to what
extent has the focus on competition rather than facilitation constrained
our understanding and management of plant communities?

Bertness and Callaway (1994) and Callaway (1995) persuasively
argue that evidence for the importance of facilitation in community
organization and dynamics has accrued to the point where it
warrants formal inclusion into community ecological theory. Plants
may facilitate other plants directly or actively by ameliorating
harsh environmental conditions, by altering soil properties or by
increasing availability of resources. Facilitation may be indirect or
passive if a plant eliminates competitors, introduces or attracts
other beneficial organisms (e.g. microbes, pollinators), provides
protection from herbivory, or serves as a focus for the concentration of
propagules.

Positive interactions are prominent in some communities and
conspicuously absent in others. It appears that their relative
importance varies with species traits (Callaway, 1998a) and changes
with time and the life stages of the interacting plants (e.g. Greenlee
and Callaway, 1996; Barnes and Archer, 1998) or with features such
as plant density (cf. Scholes and Archer, 1997). There may also be
variation among individuals within a community (Callaway and Tyler,
1999). Generalizations regarding facilitation, as with those regarding
competition, should therefore be made cautiously.

Interactions among plants have been shown to shift from comp-
etition to facilitation along environmental continua (Archer, 1995;
Callaway, 1998b). Facilitation may be most common in communities
developing under high physical stress and in communities with high
consumer pressure (Bertness and Callaway, 1994; Callaway and
Walker, 1997). In these situations, amelioration of stress by neighbours
may enhance growth more than competition restricts it. In intermediate
habitats, where the physical environment is relatively benign and
consumer pressure is less severe, rapid resource acquisition is
possible and competitive interactions may be a dominant structuring
force. Incorporation of facilitation into models of community organiza-
tion that are largely dominated by competition, lottery events and
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fluctuations in stress and resource availability, may pave the way to
clearer understanding (Fig. 6.2).

Main effects vs. interactions

Ecologists and range managers tend to view categories of variables
associated with resource availability, stress and disturbance as inde-
pendent ‘main effects’. Consider the vast number of papers focused on
the role of precipitation, the role of grazing, the role of fire, the role of
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diversity, etc. in shaping plant communities. Typically, these factors
are considered independently and in isolation from each other when,
in fact, they are highly interactive. For example, the effects of grazing
may be minimized in years of good rainfall and intensified in years of
low rainfall. Grazing and rainfall will also affect fine fuel biomass
and continuity and thereby fire frequency and intensity. Thus, a
realistic understanding of the effects of grazing, fire or precipitation on
community structure and function is contingent upon understanding
their interactions.

Major funding programmes over the decades have changed the
emphasis of research, yet the tendency to focus on ‘main effects’
persists. In the 1960s–1970s there was a focus on abiotic (climatic)
factors with little emphasis on biotic effects on ecosystem structure
and function (i.e. the International Biological Programme). In the
1970s–1980s, there was widespread recognition of the role of animals
in affecting plant communities; however, plant–animal interaction
studies were often conducted with little regard for abiotic influences
(e.g. climate, nutrients and fire). To what extent has the focus on
‘main effects’ constrained our understanding and managing of plant
communities?

Field experiments are usually restricted to examining a limited
subset of possible effects, to the exclusion of dominant interactive
effects. Results of field experiments are therefore highly context-
dependent. O’Connor (1999) illustrates the context problem using a
series of separate, long-term factorial experiments initiated in 1948,
that were designed to investigate the effect of nutrients, fire, mowing
and rotational livestock grazing on a grassland community. Each of
the experiments clearly demonstrated that resource availability and
type of disturbance had significant effects on community composition.
However, despite the impressive, long-term nature of this experiment
the relative importance of these independent factors remains open
to debate as does the question of ‘How would the community have
responded if some or all of these factors had interacted?’ In the
absence of explicit theoretical predictions to guide experimentation,
there is a preoccupation with simply demonstrating that a factor is
‘important’. Preoccupation with demonstrating that specific factors
are important will produce catalogues of examples. These in turn
foster analyses of whether an observed phenomenon is caused by
this or that factor or the relative importance of selected factors. In
interacting systems, this may be fruitless enterprise as it is
conceptually impossible to assign quantitative values to specific
causal factors or separate them in this way (Levins and Lewontin,
1985). The emphasis should instead be on how factors interact and
the nature of their interconnectedness. We should not be searching
for factors per se. Rather, we should be endeavouring to construct
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coherent conceptual frameworks for predicting the consequences of
factor interactions.

Description vs. experimentation

Early studies of communities were primarily descriptive and
quantified how communities looked or how they changed. Processes
were inferred from patterns and space was substituted for time as a
means for assessing community change. However, inferences from
descriptive studies can be misleading (Austin, 1977; Shugart et al.,
1981; Likens, 1988; Cale et al., 1989). Furthermore, descriptive studies
often lack explanations of why observed community changes occur.
Long-term observations can suggest importance of exogenous events
(such as drought or a late freeze) on communities, without revealing
how endogenous processes were modified to produce the observed
response.

The following example illustrates the pitfalls of making inferences
from descriptive studies. Field observations of plant distributions and
soil properties in a savanna parkland landscape demonstrated that
large groves of woody vegetation occurred where argillic horizons
(zones of clay accumulation) were poorly expressed. Where the argillic
horizon was well developed, small shrubs and grasses dominated
(Archer, 1995). Soil trenches revealed that burrowing rodent and leaf
cutter ant activity was substantial in soils with the poorly developed
argillic horizons associated with tree groves and minimal in non-grove
soils. These observations led to the ‘explanation’ that mixing of soils by
cutter ants and burrowing rodents had disrupted a laterally continuous
argillic horizon and hence promoted the development of tree groves.
This explanation was logical, intuitively appealing and consistent with
field data. Using the method of multiple working hypotheses
(Chamberlin, 1965), it was reasoned that if this explanation were valid,
the clay content of grove and non-grove soils should be comparable
when summed across the entire soil profile. As it turned out, this
was not the case. It therefore appears that woody plants, cutter ants and
burrowing rodents were exploiting a pre-existing condition on the
landscape, where for pedogenic reasons, the argillic horizon had never
formed. Subsequent research has supported the latter explanation
(Boutton, 1996; Stroh et al., 2001).

Reductionist approaches based on experimentation and manipula-
tion have been advocated as an alternative to descriptive approaches.
The hypothesis testing approach seeks to answer the why question
via rigorous application of the scientific method and to avoid the
pitfalls exemplified in the preceding example. However, to control and
manipulate the environment typically necessitates working on small
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scales and over short time frames. Surveys of experimental studies
reveal that about 50% have been conducted in plots 1 m2 and 40% have
been completed in 1 year or less (Kareiva and Anderson, 1988; Brown
and Roughgarden, 1989; Tilman, 1989). Do such studies really advance
our understanding of dynamic, complex communities?

Field experiments: problems and pitfalls

. . . there is no single, simple approach that can ever unambiguously
demonstrate how or why a particular process, physical factor, or
species has an effect on another element of the ecosystem . . . ecological
research requires a synthetic approach in which observation,
experimental, and theoretical approaches are pursued in a simultaneous,
coordinated, interactive manner.

(Tilman, 1989, p. 136)

We tend to measure things for which we have tools and we assume
that what we measure is important. There is also a tendency to avoid
rather than include stochasticity, biocomplexity and variability. Field
experiments are often too short in duration, too small in spatial
scale and too narrowly focused to effectively capture characteristic
behaviours of communities (e.g. Watson et al., 1996). Additional
processes, undetected or not represented at the scale of the experiment,
may dictate the structure and dynamics of communities at spatial and
temporal scales relevant to management (Turner and Dale, 1998). Field
experiments may therefore be highly contextual, with artificialities that
make their extrapolation in time and space tenuous (Bender et al.,
1984; Diamond, 1986; Yodzis, 1988; Inchausti, 1994).

For example, experiments whose results support the notion that
plant species diversity enhances ecosystem productivity and resilience
(Tilman and Downing, 1994; Tilman et al., 1996) have been challenged
on the basis that these traits are determined largely by the most produc-
tive species in the experimental plots, irrespective of plot diversity
(Aarssen, 1997; Grime, 1997). The correlation between diversity and
community productivity and resilience may simply reflect the fact that
the most productive species used in the study had a greater chance of
being included in the more diverse plots than in the less diverse plots
(Huston, 1997).

Biological variability and complex organismic interactions should
be included rather than avoided in experiments, even if the price to
be paid is a less clear-cut mechanistic insight. Reductionist, highly
controlled experiments may contain ‘hidden treatments’ (Huston,
1997) and exclude or limit effects critically affecting community
dynamics. Large-scale, long-term experiments focused on factor
interactions, even if expensive and messy, are needed if we are to
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understand plant communities at scales relevant to management
and socio-economic policy. Further, there needs to be an explicit
integration of experimentation with theory. In the absence of explicit
theoretical predictions to guide experimentation, we end up with
catalogues of important but disconnected variables. Experiments
should be harnessed to adjudicate theory or major conceptual frame-
works or to measure quantities that can be employed with the theory
to make more specific predictions for further tests (Werner, 1998).
Proliferation of small-scale, short-term experiments divorced from
theory will contribute information and data to a body of knowledge, but
may do little to advance our understanding.

Hierarchical perspectives

The questions before us are not whether we should do experiments in
community ecology or to what extent. We should, and in abundance.
Nor is the question whether experiments are the only way to contribute
toward a predictive ecology. They are not.

(Werner, 1998, p. 3)

Plant communities comprise myriad interacting and interdependent
elements. How do we simplify their daunting complexity to manage-
able proportions? Hierarchy theory is one approach (Allen and Starr,
1982; O’Neill et al., 1986; Rosswall et al., 1988). In this conceptual
view, ecological systems are represented as a graded series with several
levels of organization. An entity representing a given level of organiza-
tion consists of smaller entities and is a component of a higher level of
the hierarchy (Fig. 6.3).

For example, an individual plant comprises interacting leaf, stem
and root subsystems. However, this same plant, if rooted in a soil
along with other plants, is a component of a higher-level entity, which
might be recognized as a patch. Patches arrayed across a soil type may
collectively represent a community; communities are distributed along
catenas to form landscapes, etc.

As this example implies, there are distinctions between structural
entities at a given level of organization (e.g. between roots, stems and
leaves at the plant level; between plants, animals and microbes at the
patch level); and distinctions between successive levels (between
leaves, plants, patches, communities). Each level of organization is
characterized by processes that operate at certain spatial and temporal
scales. Plant level processes would typically focus on gas exchange,
water relations and allocation. Patch level processes might focus on
infiltration rates, seedling establishment, competitive interactions,
and herbivore forage selection. At the community level, distinctions
between individual plants are lost, but runoff–runon, dry deposition,
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(a)

(b)

(c)

(d)

Fig. 6.3. The perspective taken on a system will influence the information
accessible at various levels of organization. This hypothetical system consists of
two entities, each with three parts (a). The complete system is not visible within
any single observation set. Inside the surface, looking inward (b) is the only
position from which the parts and their interconnections can be seen without
distortion. If the observer moves far enough away from the surface, the other
whole is identifiable as a separate entity, responsible for part of the environmental
influence (c). Seen from outside, the parts are obscured by the intervening surface
and the other entity is manifested only as an environmental influence of undefined
origin (d). The eye indicates the position from which the system is observed in each
case (after Allen et al., 1984, 1999).
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diversity, boundary dynamics and edge effects are now recognized.
Thus, higher levels in an ecological hierarchy contain, constrain,
behave at lower frequencies and exhibit less bond strength than lower
levels. In addition, higher levels buffer lower levels and filter environ-
mental influences and variability (Allen et al., 1984, 1999). Therefore,
unexplained variance or behaviour at lower levels might be accounted
for when higher order effects are explicitly acknowledged.

As with the parable of the blind men who each felt a different part
of an elephant and proceeded to describe the whole without knowledge
of the other parts, our perception and understanding of communities
may be largely a matter of perspective. In contrast to reductionist
approaches, the hierarchical approach permits evaluation of complex
systems without reducing them to a series of simple, disconnected
components. No single level in an ecological hierarchy is fundamental;
understanding a system at one level requires knowledge of levels both
above and below the targeted level. Interpretation of system behaviour
at one level of organization without consideration of adjacent levels is
therefore out of context. For example, the views of Clements, Gleason
and Tansley may be more complementary than contradictory when
viewed from a hierarchical perspectives (Fig. 6.4) (Hoekstra et al.,
1991).
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ANIMAL CLIMATE

PLANT SOIL

ECOSYSTEM

TANSLEY

GLEASON

CLEMENTS

Fig. 6.4. A schematic representation of the different scales of perception involved
in the individualistic concept of community (Gleason, 1926), viewed from inside
the community, where the focus is on the autonomy of the component species;
the superorganismal concept of community (Clements, 1905), viewed from
outside the community so as to emphasize its integrity; and Tansley’s (1935)
conception of the ecosystem, viewing the system from a greater distance, so
that the autonomy of the biota is obscured as it is integrated with the physical
environment. The three images of an eye represent the locations of the observers
(from Hoekstra et al., 1991).
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Holistic and reductionist approaches should not be viewed as
mutually exclusive. Each provides a unique perspective. The
reductionist approach dissects lower levels of organization and
provides mechanistic explanations and insights into how systems
work. However, reductionist studies strictly looking ‘inside’ the system
do not see the whole and its emergent properties. The holistic approach
views a system in the context of the higher levels in which it is
embedded, and provides insight into the significance of phenomena at
lower levels. The search for mechanisms should therefore be balanced
by concern for significance (Passioura, 1979; Lidicker, 1988). Studies
focused at one level of organization without regard for higher levels can
thus generate vast amounts of information, but little understanding.

The Way Forward

We have a wealth of detailed observations on the natural history of
our planet, but are only beginning to uncover (or invent) the general
principles which can organize this mass of observations.

(Keddy, 1989)

We are drowning in information, while starving for knowledge. The
world henceforth will be run by synthesisers, people able to put together
the right information at the right time, think critically about it, and make
important choices wisely.

(Wilson, 1998)

The above quotes indicate that what is needed is more understanding
and new perspectives, not simply more data. Community composition
and dynamics are outcomes of the interactions among constellations of
driving variables. Therefore, extrapolations from context-dependent
experiments and descriptive studies should be made with caution, and
static management ‘prescriptions’ based on case studies should be
viewed with scepticism. How do we then progress with understanding
and managing plant communities?

The preoccupation with ‘main effects’ is partially due to logistical
constraints: the duration of contract/grant funding typically relegates
most studies to short (2–3 year) time frames and a very specific,
narrow focus. A clear articulation of the need for more comprehensive
studies designed to focus on key interactions may be a necessary first
step in overcoming this logistical barrier. Descriptive, experimental
and modelling approaches have advantages and disadvantages, each
providing perspectives the others cannot. Natural resource administra-
tors and science programme managers should therefore promote
multidisciplinary ventures that proactively integrate these approaches
(Fig. 6.5).
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The ‘multiple working hypotheses’ approach (Chamberlin, 1965;
Ward, 1993) has clear utility in community ecology, yet remains
under-utilized. Astronomers, geologists, climatologists and ocean-
ographers have achieved marked successes in inferring process from
pattern, in constructing and evaluating complex models, and in testing
hypotheses without the benefit of experimental manipulation and
replication (Brown, 1994). We must move beyond our traditional,
simplistic ‘either–or’ mentality (either water or nitrogen as the limiting
factor; either competition or facilitation as the driver of species inter-
actions; either descriptor or experimentation or modelling as the
approach to studying communities). Perspectives which embrace the
duality of resource constraints (e.g. water and nitrogen) and processes
(e.g. competition and facilitation) as determinants of plant communi-
ties and which integrate complementary approaches for studying
these (e.g. experimentation and description and modelling as
guided by theory) are likely to provide us with a richer, more robust
understanding of plant communities and ecosystems.
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Gradient analysis

descriptive studies

Modelling

(spatial/temporal)

Long-term monitoring

remote sensing comparisons

Experimentation

Microcosm Plot Landscape

(Process) (Pattern)

Fig. 6.5. Conceptual integration of descriptive, experimental and modelling
approaches. To date, most of these approaches have been used in isolation.
Gradient analysis may suggest hypotheses, which could be tested via
experimentation and monitoring. These, in turn, may suggest new suites of
environmental variables for gradient analysis while providing input for simulation
models. Simulation models and modelling experiments feed back to help prioritize
and refine experiments and monitoring protocol. Linked remote sensing–modelling
approaches hold the promise to provide monitoring of function as well as structure
over large areas (e.g. Asner et al., 1998; Wessman, 1992; Wessman et al., 1997).
Experimentation and monitoring should be conducted at spatial and temporal
scales appropriate to specified levels of hierarchical organization (Fig. 6.3).
Experiments should be harnessed to adjudicate theory or major conceptual
frameworks or to measure quantities that can be employed with the theory to
make more specific predictions for further tests.
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7Range Management and Plant
Functional Types

Sandra Díaz, David D. Briske and Sue McIntyre

Plant Functional Types: New Developments for an Old Idea

A changing context

One of the recurrent themes in plant ecology and range management
is the need to scale information from specific case studies towards
broader ecological patterns and processes. Information must be
interpreted and applied at larger scales because the most serious
challenges to natural resource management operate at regional and
global scales. A central problem encountered when scaling vegetation
responses to regional levels is our limited ability to quantify and
interpret complex floristic responses involving a large number of
individual species. This provides a strong justification for the develop-
ment of a more generalized pattern of vegetation responses involving
a manageable number of plant groups that have similar life history
strategies and responses to environmental stress and disturbance
(McIntyre, 1999).

The concept of plant functional types provides a promising tool to
bridge the gap between specific, detailed studies and broader scale
problems. Plant functional types are sets of plants exhibiting similar
responses to environmental conditions and having similar effects
on the dominant ecosystem processes (Gitay and Noble, 1997). The
classification of plant species into similar groups based on their
morphological and physiological traits provides new insights into
the dynamics of vegetation change and associated ecological processes.

CAB International 2002. Global Rangelands: Progress and Prospects
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Plant functional groupings are potentially useful communication tools
for land managers, who may not necessarily relate to taxonomic units,
particularly when dealing with species-rich natural rangelands. As a
contribution to the above problem we provide: (i) a description of the
concept of plant functional types and their potential contribution to
natural resource management; (ii) insight into the ecological basis of
plant functional types and ways in which they might be identified; and
(iii) an overview of the application and relevance of plant functional
types to rangeland management with emphasis on vegetation response
in grazed systems.

The concept of plant functional types

The search for a plant classification, which can account for how plants
respond to their environment, is at least as old as the Linnaean
classification. This is an acknowledgement that plants originating from
phylogenetically distant groups may possess similar ecological traits, if
they evolve in similar types of environments. The following examples
illustrate the importance of environmental selection pressures on plant
form and function.

� Succulent, spiny species within a range of families including
Cactaceae, Chenopodiaceae, Euphorbiaceae, Fouquieriaceae and
Asphodelaceae are well adapted to arid environments.

� Numerous shrub species from unrelated families in the fynbos
biome have evolved a low stature, with small, evergreen,
sclerophyll leaves (Bond, 1997), suggesting that these traits are
strongly selected in this environment.

Conversely, plants with close phylogenetic relationships, growing
under very different environmental contexts, can, over evolutionary
time, exhibit very different morphology and physiology. For example:

� South American species of Acacia are deciduous, with tender,
highly palatable compound leaves, while Australian species in the
same genus are evergreen, often with tough, mostly unpalatable
phyllodes.

� Salix humboldtiana is a fast-growing temperate–subtropical tree
while Salix arctica is a forb-like dwarf that grows in the Arctic
tundra.

These examples also provide justification for classifying unrelated
taxa on the basis of morphological and physiological traits. The clear
involvement of environmental selection pressures on plant form and
function provides the basis for development of plant functional types.
The definition of plant functional types presented here reflects two
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important issues. First, how do plants respond to selection pressures
such as those arising from climate and disturbance? Although similar
traits can be selected for in phylogenetically unrelated species, there
can be more than one solution or strategy for survival in specific
environments. This implies that a number of plant functional types
may occur in any particular vegetation type. For example, in the fynbos
described above, an alternative plant functional type that co-occurs
with the dominant low growing shrubs are grass-like forms, converging
in appearance, from the Poaceae, Cyperaceae and Restionaceae (Bond,
1997). However, while such clear examples can exist, the task of
identifying plant functional types can be extremely difficult and often
involves identifying a small number of discrete ‘types’ from an array of
more or less continuous variation between plant species. A second
important issue in the search for plant functional types concerns
how plants influence major community and ecosystem processes and,
therefore, the main ecosystem services to human populations.

Response Plant Functional Types and Effect Plant
Functional Types

Groups of plant species which respond to the abiotic and biotic
environment in similar ways can be defined as response plant
functional types (Landsberg, 1999; Walker et al., 1999). This approach
to the classification of plant functional types is the most common and
the oldest one. It attempts to answer the questions: ‘What kinds of
plants tend to thrive in particular environments?’ and, ‘How many
plant strategies for survival exist in a particular environment?’ The
most widely recognized and implemented response plant functional
type system is the Raunkiaer’s Life Form Classification (Raunkiaer,
1934), which groups plants according to the position of the meristems
that enable plants to persist through unfavourable seasons. Other
examples of widely used response plant functional type classifications
are the distinction between ‘increaser’ and ‘decreaser’ species based
on their response to grazing (Dyksterhuis, 1949), and the prediction of
species responses to fire and grazing based on vital plant attributes
(Noble and Slatyer, 1980).

On the other hand, groups of plants which have similar effects on
the dominant ecosystem processes, such as productivity, nutrient
cycling and trophic transfer, can be defined as effect plant functional
types (Landsberg, 1999; Walker et al., 1999). Effect plant functional
types and response plant functional types can, and often do, overlap to
various degrees. They can be identified using the same methodological
steps (both a priori and a posteriori approaches, see below). The basic
distinction between effect plant functional types and response plant
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functional types is the kind of question underlying the study. In the
case of effect plant functional types, the crucial questions are ‘What is
the functional role of species in ecosystems?’ (Lawton, 1994) and ‘Does
a loss of biodiversity compromise ecosystem function?’ (Schulze and
Mooney, 1994). These questions address the effect of various plant
types on ecosystem dynamics. Circumstantial evidence is accumu-
lating that supports the occurrence of biotic control of ecosystem and
landscape processes (Schulze and Mooney, 1994; Mooney et al., 1996;
Chapin et al., 1997), but this concept remains the focus of considerable
debate. Examples of classification systems based on effect plant
functional types are much less common than those based on response
plant functional types, although the work of Grime (1977) and Leps
et al. (1982) are early examples of the incorporation of ecosystem
effects into functional classifications of plants. Subsequent reference to
plant functional types will cover both response plant functional types
and effect plant functional types unless specified otherwise.

Approaches for Identifying Plant Functional Types

A priori and a posteriori approaches

The application of the plant functional type approach to range manage-
ment and vegetation assessment obviously requires identification of
meaningful plant functional types. Two main approaches exist for their
development: (i) define plant functional types before the study is
carried out (a priori approach); and (ii) identify plant functional types
based on the selection of multiple plant traits at the end of the study
(multivariate or a posteriori approach).

Most plant functional type classifications have been determined
a priori by selecting a single criterion to define types prior to data
collection (e.g. bud position, C3 or C4 photosynthetic pathway, grasses
or forbs, geophytes, therophytes, or hemicryptophytes). In contrast, a
posteriori approaches have become increasingly common in recent
years. This approach is based on the identification of multiple traits of
numerous species and the important plant traits for developing plant
functional types are defined a posteriori, following analysis of these
multiple traits. The strength of the a posteriori approach is that it
attempts to establish, through statistical correlation, actual links
between a putative trait and its functional role in the ecosystem.
This approach provides a means for rigorously testing functional
classifications.

Several research groups in different parts of the world have taken
the a posteriori approach, building extensive databases and defining
plant functional types and ‘best’ traits (e.g. Montalvo et al., 1991; Díaz
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et al., 1992; Leishman and Westoby, 1992; Chapin et al., 1996; Díaz and
Cabido, 1997; Grime et al., 1997; Reich et al., 1997; Wardle et al., 1998;
Lavorel et al., 1999). These studies vary in scale from very detailed (e.g.
Díaz et al., 1992; Boutin and Keddy, 1993; Golluscio and Sala, 1993) to
very coarse (e.g. Chapin et al., 1996; Díaz and Cabido, 1997), and from
responses mostly to climate (e.g. Chapin et al., 1996; Díaz and Cabido,
1997; Reich et al., 1997), to resource availability in situ (e.g. Golluscio
and Sala, 1993; Grime et al., 1997), or to disturbance (Montalvo et al.,
1991; McIntyre et al., 1995; Lavorel et al., 1999).

Typically, in the a posteriori approach, numerous traits are initially
considered but only a few of them prove useful in defining the main
trends of variation among species. Those traits prove to be good candi-
dates for further investigation. In general, vegetative traits (e.g. canopy
height, specific leaf area, leaf and plant longevity, position of dormant
buds) tend to define clearer groups than regeneration traits (e.g. seed
size, dispersal mode, pollination mode, flowering phenology), and the
two groups of traits are not consistently related. It is frequently
observed that fundamental plant traits do not vary independently, but
rather they tend to be associated in consistent patterns of specializa-
tion, or plant syndromes (see Landsberg et al., 1999, for an exception).
This suggests that there are physiological trade-offs between major
processes including growth rate, herbivore defence and resource
storage that plants are unable to overcome (e.g. Grime, 1977; Chapin,
1980; Coley, 1983). Plants are also assumed to make trade-offs between
abundant resources to effectively acquire scarce resources to promote
growth and survival (Chapin, 1980). The existence of recurrent sets
of highly correlated traits has some practical implications. If these
associations among traits can be proven consistent, it would not be
necessary to measure all traits in order to identify plant syndromes and
develop plant functional types. However, considerable work is still
required to be able to confidently predict trait correlations (syndromes)
in an unstudied vegetation type.

Selection of important plant traits

The initial selection of plant traits to be considered in a functional type
analysis represents a critical step in the search for functional types.
Evaluation of the maximum number of variables has not proven to be a
good approach because it often results in extensive species lists
that make this task operationally unfeasible and/or economically
prohibitive for most research groups. The introduction of numerous
variables that are strongly correlated (e.g. individual plant biomass and
plant height) may lead to severe distortion in the multivariate analysis.
Therefore, a relatively small number of traits is required for a plant
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functional type methodology that will be adopted by a large number of
researchers and that will be sufficiently robust for global comparisons.
These traits must meet the following criteria: (i) ecologically relevant
with respect to the processes and scale of interest (e.g. climate, soil
quality, grazing, fire); (ii) feasibility for rapid and standardized
measurement in various regions and vegetation types; and (iii) the
procedures must be cost-effective.

Ideally, the list of plant traits to be evaluated to identify plant
functional types would be attained by a general consensus among
research groups. A standardized approach would facilitate global
comparisons and increase the potential for identification of general
patterns of vegetation responses. Complete consensus regarding key
traits and specific protocols to measure them is unlikely, nor is it
totally desirable, as continued exploration of new traits will build our
knowledge. Nevertheless, there have been several new contributions to
the issue of trait selection, notably Westoby’s (1998) leaf–height–seed
(LHS) scheme and Hodgson et al.’s (1999) operational definition
of Grime’s CSR scheme. A further contribution to the issue of trait
selection was achieved in 1998, as part of GCTE Task 2.2.1, when a
diverse group of scientists agreed on a core list of traits considered to be
of general importance in the identification of plant functional types
(Weiher et al., 1999; Table 7.1). It is important to stress, however, that
even a core list of traits will require further refinement in order to
usefully describe specific ecological variables (e.g. see grazing-related
core traits, McIntyre et al., 1999) or environments. For example,
plant phenology can show considerable inter-annual variation in arid
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Trait Function

Seed weight

Seed shape
Method of seed dispersal
Vegetative growth
Specific leaf area, leaf water

content
Height
Above-ground biomass
Life history

Onset of flowering
Ability to resprout after a

disturbance
Density of wood

Dispersal distance, longevity in seed bank,
establishment success, fecundity

Longevity in seed bank
Dispersal distance, longevity in seed bank
Space acquisition
RGR, plasticity, stress tolerance,

evergreenness, leaf longevity
Competitive ability
Competitive ability, fecundity
Plant longevity, space-holding ability,

disturbance tolerance
Stress avoidance, disturbance avoidance
Disturbance tolerance

Plant longevity, carbon storage

Table 7.1. The common core traits proposed by Weiher et al. (1999).
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environments that limits its diagnostic value in these regions and C3
versus C4 metabolism may not be a useful trait in temperate-cool
regions, but it may be a key trait for modelling large-scale data sets.

Calibration between ‘soft’ and ‘hard’ traits

As discussed above, there is a strong case for the adoption of
easily measured structural–functional traits, such as those proposed by
Box (1996) or Díaz and Cabido (1997). This is a legitimate approach
in its own right. However, its strength would be substantially increased
if the ‘soft’ (i.e. easily measured) traits could be calibrated against
‘hard’ traits that have a direct and well-established relationship
to ecosystem function (e.g. decomposition rate, nutrient content) but
evaluating them is often time-consuming. The process of calibration
between ‘soft’ and ‘hard’ traits is in the early stages of development in
most regions of the world, although some promising results have
recently emerged. For instance, Díaz et al. (1999b) showed a significant
association between the ‘soft’ traits of specific leaf area and leaf
toughness and the ‘hard’ traits of leaf N content, palatability for inverte-
brate herbivores and decomposition rate, over a very wide spectrum of
plant families and growth forms. This process of calibration among
traits may substantially enhance the applicability of plant functional
types to various management applications by making the process more
cost-effective.

Plant Functional Response Types: Climate and
Disturbance History

Although the concept of response plant functional types is intuitively
appealing, and they have been sought since the earliest days of ecology,
it is still difficult to predict what response plant functional types
will predominate under different frequencies and/or intensities of
disturbance, such as grazing, fire or flooding. For example, the
presence of aerenchyma in roots and of a persistent seed bank seem
important traits in defining response plant functional types in areas
with seasonal droughts and floods; the presence of thick bark,
lignotubers and serotinous seeds seem important in fire-prone areas;
and leaf toughness and nutrient content, architectural plasticity and
bud position seem important in some areas chronically subjected to
grazing. As documented by Noy-Meir and Sternberg (1999), even two
disturbances which involve removal of above-ground biomass, such as
grazing and fire, are associated with different sets of plant traits in the
same geographical area.
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An added level of complexity in trying to identify key plant
traits associated with disturbance response is the consideration of
disturbance history. The predominant plant groups or plant traits
which appear under different grazing intensities, for example, seem to
depend strongly on a combination of climate and evolutionary history
of herbivory (Milchunas et al., 1988; Milchunas and Lauenroth, 1993;
Díaz et al., 1999a). Different plant traits can predominate in areas with
the same annual precipitation and livestock density, depending on
whether grazing has been a strong selective pressure over evolutionary
time or not. For example, heavy grazing is associated with high abun-
dance of annual species in many regions. In the Eastern Mediterranean,
however, heavy grazing promotes geophytes and legumes (Hadar et al.,
1999). Annuals do not substantially increase, since they represent
most of the biomass in both grazed and ungrazed sites in this region,
which has a very long evolutionary history of grazing (Perevolotsky and
Seligman, 1998).

In summary, the question of ‘What plant traits or types pre-
dominate under different grazing regimes?’ does not have a straight-
forward answer. Most of the published evidence is related to very
specific cases, is at the species level, and is scattered in the ecological,
agronomic and phytosociological literature. At present, and before a
more comprehensive framework is developed, the traits and response
plant functional types likely to predominate in the face of different
land-management situations are likely to be strongly site-specific, as
illustrated in the next section.

Plant Functional Response Types in Grazed Systems

The application of response plant functional types to describe
vegetation responses to grazing for application in range management
and grassland agriculture is not a novel concept. The most recognized
and most widely applied response plant functional type for grazing
application is the concept of increaser and decreaser species associated
with range condition and trend analysis (Dyksterhuis, 1949). A closely
associated response plant functional type classification is based on
the distinction among grass growth forms including short, mid and
tall grasses (Arnold, 1955). These response plant functional types
were initially based on empirical data, but specific plant traits were
subsequently associated with species responses to grazing (Hendon
and Briske, 1997; Briske, 1999). In fact, it is often assumed that grazing
resistance is based on the occurrence of a relatively small number
of traits, or even a single trait, associated with the developmental
morphology or physiological function of individual species (Simms,
1992).
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These response plant functional types have provided a large
amount of valuable information concerning the relative responsiveness
of plants to grazing. Several plant traits, including the location
and availability of meristems, architectural attributes influencing
palatability and residual leaf area following defoliation, have proved
especially important to our understanding of grazing resistance in
plants (Briske and Richards, 1995). However, an increasing number of
cases exist where grazing resistance has not been effectively explained
by the presence or absence of specific plant traits (e.g. Hendon and
Briske, 1997). Although both traditional response plant functional type
systems mentioned above are still used to various degrees, it has
become clear that the plant traits traditionally associated with grazing
resistance are not always sufficient to predict or interpret species
responses to grazing (Noy-Meir and Sternberg, 1999). The limitations
encountered by these traditional response plant functional types can
be organized into three general categories: (i) the existence of multiple
categories of resistance traits; (ii) the occurrence of trade-offs among
categories of resistance traits; and (iii) the disproportionate expression
of categories of resistance traits at various ecological scales (Briske,
1999).

Multiple categories of resistance

It has previously been emphasized that plant adaptation to stress and
disturbance often involves the evolution of multiple traits (Grime,
1977). Similarly, recognition of several strategies of resistance to
grazing demonstrates that more than a single trait is involved in
determining the grazing resistance of plants (Simms, 1992; Briske,
1996). Inordinate emphasis on a small number of specific plant traits
may have inadvertently diverted attention from the identification and
interpretation of more pervasive strategies of grazing resistance.

Temporal variation displayed by various resistance traits further
challenges the development of effective response plant functional
types to evaluate plant responses to grazing. The dynamic expression of
morphological and physiological traits, including canopy architecture,
various inducible defences and compensatory physiological processes,
has been documented within and between species (Briske and
Richards, 1995; Briske, 1996). Species with a high degree of phenotypic
plasticity may even shift the expression of grazing resistance from a
tolerance to an avoidance strategy with an increasing intensity of
grazing (Hodgkinson et al., 1989). In other cases, traits may be difficult
to recognize because they represent more of a life history expression
than a distinct morphological or physiological trait. This is clearly
illustrated by the ‘phenological trait’ associated with the extended
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display of green biomass by perennial grasses to annual grasses in
Mediterranean grasslands (Noy-Meir and Sternberg, 1999). Examples of
the dynamic expression of various resistance traits indicate that grazing
resistance does not represent a static value that can invariably be
assigned to individual species in all situations.

Effective interspecific comparisons of grazing resistance are
constrained by our inability to incorporate multiple resistance traits
into a standardized expression applicable to various growth forms,
life history strategies and phenological stages. Grazing tolerance is
by definition based on the rate or magnitude of biomass production
following defoliation (Rosenthal and Kotanen, 1994; Briske, 1996).
However, insight necessary to prioritize or weight the various traits and
processes associated with growth following defoliation, including leaf
and shoot number, canopy height and volume, biomass partitioning
to various organs and reproductive effort, is very limited. A limited
understanding of the relative importance of specific plant traits has
impeded the development of a comprehensive interpretation of grazing
resistance in plants.

Trade-offs among resistance categories

The expression of grazing resistance by plants can be divided into
tolerance and avoidance strategies (Rosenthal and Kotanen, 1994;
Briske, 1996). The tolerance strategy promotes rapid leaf replacement
following defoliation while the avoidance strategy minimizes the
frequency and intensity of grazing. Although both strategies contribute
to grazing resistance, the specific traits involved are very likely unique
to a particular strategy (Westoby, 1999). Tolerance is associated with
traits that contribute to rapid leaf replacement following defoliation
while avoidance is associated with traits that defend plants from
grazing. An attempt to identify traits without recognition of the unique
strategy involved would very likely produce inconsistent results as the
absolute expression of tolerance and avoidance varies among species
(Westoby, 1999). For example, decreaser species may rely on tolerance
mechanisms for grazing resistance to a greater extent than increaser
species because tolerance traits are closely correlated with the
competitor strategy of the first group (Briske, 1996). In contrast, large
investments in grazing avoidance may divert resources from growth
and potentially reduce the expression of grazing tolerance. The
expression of greater tolerance by dominant compared to subordinate
species can be suppressed prior to the expression of avoidance mecha-
nisms because grazers can potentially remove biomass more rapidly
than it can be replaced by tolerance mechanisms. Selective grazing of
dominants compared to subordinate species would potentially shift the
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competitive advantage from dominants to subordinates and induce a
shift in species composition.

The tolerance and avoidance strategies of grazing resistance have
only recently been placed in a conceptual framework to hypothesize
that the relative expression of these two strategies may determine the
productivity and composition of grazed plant communities (Augustine
and McNaughton, 1998). Grazing tolerance is assumed to be of equal or
greater importance than grazing avoidance (i.e. selective grazing) in
systems where highly palatable species retain dominance. The reverse
is assumed to be the case in systems where dominants are replaced by
subordinate species. Although this interpretation is highly plausible,
the relative expression of grazing tolerance and avoidance has not been
quantified for most species or vegetation types and the potential
trade-offs between these two strategies of grazing resistance are only
currently being considered (Mauricio et al., 1997).

Expression of resistance at various scales

The initial response plant functional type classifications analysed in
the previous section were developed in the mid-20th century, when a
more reductionist view of science prevailed. Emphasis on individual
plant traits associated with grazing resistance makes is difficult to
incorporate and interpret associated processes occurring at higher
ecological scales (Briske, 1999). There is increasing recognition that
individual plant responses to grazing may not directly scale up to
communities or landscapes because grazing conveys indirect, as well
as direct effects. Indirect grazing effects involve both biotic and
abiotic processes external to plants in contrast to the direct removal
of photosynthetic and meristematic tissues (McNaughton, 1983).
Important indirect effects known to mediate plant responses to grazing,
include selective grazing among species (Anderson and Briske, 1995),
grazing-modified competitive interactions (Caldwell et al., 1987) and
drought-grazing interactions (O’Connor, 1994). Indirect grazing effects
may be of equal or greater importance than the direct effects of grazing
in determining vegetation responses, but they are often minimized or
excluded from investigations designed to assess grazing resistance
based on specific plant traits.

Specific issues of temporal and spatial scale introduce additional
complexity in the process of developing response plant functional
types for grazing resistance. For example, grazing tolerance is often
assessed by evaluating the short-term regrowth responses of plants
while traits contributing to plant persistence over the long term often
receive less attention. For example, rapid leaf replacement by new leaf
initiation will promote tolerance, but if tiller initiation is suppressed
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following grazing, long-term plant persistence may be compromised.
The spatial association among plants expressing various degrees of
grazing avoidance may also influence the frequency and intensity of
grazing at the patch scale. The protection a palatable plant derives from
close association with unpalatable plants is referred to as associative
defence (Hay, 1986). This may partially explain why a plant species
may respond negatively to grazing in one environment, but positively
in another environment. The relative expressions of grazing avoidance
among various plant species may affect patterns of selective grazing
without necessitating a change in the absolute expression of avoidance
by individual species.

The challenges associated with the identification of response plant
functional types for determining vegetation responses to grazing are
great and further substantiate several cautionary considerations made
previously. Response plant functional types developed for grazing will
have to be regionally specific and clearly specify the ecological and
managerial information to be provided and the scale at which it is to be
applied. It is anticipated that the development of effect plant functional
types will follow development of response plant functional types and
will more effectively incorporate the indirect effects of grazing within
ecosystems. The challenges involved in selecting and interpreting
plant traits associated with grazing responses must be recognized
and addressed prior to the development of more effective plant
functional types for grazing applications. A synthesis of published
work, considering different climates, vegetation types and evolutionary
histories of grazing may represent an important step towards this goal.

Plant Functional Effect Types and Ecosystem Function

In contrast to the situation of response plant functional types and
different combinations of climate, history and land use, effect plant
functional types and major ecosystem processes seem to be much more
consistently linked across different ecosystem types. Local dominance
by species with specific plant traits appears to directly influence
various ecosystem processes including productivity, nutrient cycling,
trophic transfer, temperature buffering, flammability, etc. (Table 7.2).
Sufficient evidence exists to support an evaluation, at least in compara-
tive terms, of the magnitude, direction and rate of some ecosystem
processes on the basis of the traits associated with the dominant
species (see Díaz et al., 1999c, for further evidence and discussion). It
is important to stress, however, that links between plant traits and eco-
system function are much better understood in the case of vegetative
traits (e.g. fast-growing plants with nutrient-rich leaves are associated
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with high decomposition rate and high productivity at the ecosystem
level) than in the case of regenerative traits (such as phenology or
pollination and seed dispersal modes).

It has been recognized that the amount of plant biomass, regardless
of species composition, has a strong influence on ecosystem function.
However, it appears that species richness confers resilience to plant
communities (Landsberg, 1999; Walker et al., 1999). Therefore, effect
plant functional types defined on the basis of biomass production may
contain a wide range of species that are capable of maintaining similar
productivity. This is based on the concept of functional redundancy
(Walker et al., 1999) which implies that members of the same
effect plant functional type can perform similar ecosystem functions.
Consequently, species may replace each other to varying degrees
without a loss of ecosystem function because functionally equivalent
species represent a greater range of ecological tolerances to buffer
environmental changes.

Once the main response plant functional types have been identified
for a region, it should be possible to translate them into effect plant
functional types to analyse the consequences of dominance by specific
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Individual traits Community/ecosystem processes

Relative growth rate
Leaf turnover rate

Nutrient content

Biomass
Life span
Canopy structure

Secondary growth
Root architecture
Reserve organs
Pollination mode
Persistent seed bank
Seed number
Dispersal mode
Presence of root symbionts

(e.g. mycorrhizae)

Productivity
Nutrient cycling
Production efficiency
Nutrient cycling
Carrying capacity for herbivores
Flammability
Resistance
Water interception and runoff
Temperature buffering
Soil stability
Carbon sequestration
Water uptake
Resilience
Expansion over landscape
Resilience
Expansion over landscape
Expansion over landscape
Nutrient cycling
Rate of succession

Table 7.2. Examples of individual plant traits that may influence processes of
the community/ecosystem in which they are dominant. See Díaz et al. (1999c)
for references and more detailed explanation.
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plant groups for at least the most obvious ecosystem processes and
services. These may include the magnitude and seasonality of biomass
production, carrying capacity for livestock and wildlife, flammability,
water retention and soil protection. The number of species within each
effect plant functional type should provide an indication of the
resilience of the ecosystem processes as previously indicated. There-
fore, the degree of species and trait specificity required in plant
functional types is dependent upon the ecological and managerial
information sought. If the focus is on present-day ecosystem
performance, an evaluation of only the main dominants (e.g. those
with > 10% cover) should be sufficient. However, if ecosystem
resilience to various disturbance regimes is being evaluated over the
long term, species richness within plant functional types would
become highly relevant and an evaluation of the entire local flora may
be appropriate.

Resolution of Plant Functional Types: Regional vs.
Global Classifications

The existence of consistent plant specialization patterns and trade-offs
between plant processes does not necessarily mean that we should seek
a single plant functional type system that would be appropriate for all
applications and scales (Gitay and Noble, 1997; Lavorel et al., 1997;
Lavorel and McIntyre, 1999). On the other hand, the utility of develop-
ing numerous specific-purpose functional type schemes has not been
demonstrated either (Westoby, 1999). Applications concerning plant
responses to general climatic conditions or resource availability would
likely be best served by general allocation models with a small set of
extreme types (e.g. Grime, 1977; Chapin, 1980). This approach may
also represent the appropriate resolution required for development of
various global vegetation models aimed at predicting vegetation
responses to global change at a continental scale. On the other hand,
that approach would be too coarse for local and regional management
and conservation planning. In these cases, much more detailed plant
functional types are required and they must be based on traits specifi-
cally tailored to the local environment and land-use considerations.
In summary, a nested hierarchy of plant functional types seems to
be the most reasonable answer, since the challenges to be faced are
multi-scale. As recently pointed out by Grime (1998), a small set of very
general plant functional types, based in trade-off models, appears to be
more appropriate to the prediction of vegetation processes at the global
and trans-regional levels, whereas a much higher number of more
precise plant functional types seems most useful for land-use planning
at the regional to local levels.
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The Relevance of Plant Functional Types to
Rangeland Management

The process of identifying plant functional types appears to be a highly
academic exercise. It is reasonable then to ask whether they have
any real relevance to rangeland management and managers. In so far
as all effective communications require a simplification of complex
information, we know that we need to identify plant functional types.
We still have to identify useful groups. Questions such as ‘Which
biological features favour and which features disadvantage plants
under grazing?’ or, ‘What are the main factors that determine the
promotion of different plant traits by grazing?’ are fundamental for
appropriate management and conservation, as well as for the progress
of range science, and have never been answered at a global scale. The
plant functional type approach is arguably the only way forward to
address these kinds of questions.

The relevance of plant functional types to rangeland ecology and
management is clearly illustrated by previous attempts to develop
these classifications and their continued use given the recognition that
their application may not be appropriate in some cases, e.g. increaser/
decreaser species. The relevance of plant functional types resides in the
need to integrate and generalize site-specific information to broader
scales for management applications. Provided that management
questions are clearly defined in the context of a specific region, it
should be relatively straightforward to identify general response plant
functional types using key plant traits. The plant functional type
approach may prove to be most useful in rangeland planning and
management at regional scales. Specifically, it may provide greater
insight into issues of vegetation response and their potential impacts
on ecosystem function.

The major application of plant functional types at regional scales
will be for monitoring ecosystem structure and function to evaluate
ecological impacts and determine appropriate management responses.
A simple example is the use of perennial tussock grasses as a response
plant functional type relating to grazing in tropical grasslands and a
effect plant functional type in terms of the capacity of perennial grasses
to contribute to soil health and soil and water capture (Tongway and
Hindley, 1995). This application is relevant to both land management
agencies and producer groups.

Land managers may utilize plant functional types as both
indicators of vegetation change associated with management activities
and environmental changes as well as indicators of the sustainability
of rangeland ecosystems. A potentially powerful aspect of plant
functional types is that they do not require that land managers acquire
in-depth taxonomic knowledge of the flora in a region, but rather rely
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on critical information associated with unique plant groups that may
be intuitively simple to assess (e.g. stoloniferous, low-growing, early
flowering). This information is more likely to be accessible to range
managers and communities with a limited technical base. In some
situations, local communities already have an intuitive, but sometimes
surprisingly precise, knowledge of the biological traits possessed
by different plants. An important future development will be to link
plant functional types with important ecosystem functions to more
effectively monitor rangelands and assess land-use and climate change
on rangeland sustainability.

Rangeland monitoring, assessment and policy development on a
continental scale will also require simplified models of vegetation
change, and major efforts to identify plant functional types have
been associated with global-scale modelling (Smith et al., 1997).
Identification of appropriate plant functional types provides an
essential underpinning of the knowledge relevant to national and
international planning and policy-making.
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8People and Plant Invasions of
the Rangelands

Mark Lonsdale and Sue Milton

Introduction

Invasions by exotic plants cause production losses amounting to at
least A$3 billion year−1 to the Australian economy, and US$13 billion
to the US economy. It is not widely realized, however, that the majority
of weeds probably result from deliberate plant introductions (e.g.
Lonsdale, 1994). In addition, human activities – through cultivation,
dispersal, disturbance, nitrification and habitat fragmentation – influ-
ence the rate at which species become naturalized, and naturalized
species become weeds. There is a perception that weeds are a natural
disaster like cyclones, whereas in truth they are more a product of our
own ‘primal urges’. Just as the problem is one of our making, however,
the solutions also lie in human hands, and we conclude this chapter by
surveying recent developments in weed control.

Why are Rangeland Weeds Important?

Many of the world’s rangelands are infested with weeds. Typical
rangeland weeds are shrubs and grasses of low palatability. Though it
is difficult to calculate their economic impact or even the extent of the
infestations, losses of production in agricultural systems due to weeds
are believed to be in the order of 10% (Combellack, 1989), and there
is no reason to suppose that rangelands, which are less intensively

CAB International 2002. Global Rangelands: Progress and Prospects
(eds A.C. Grice and K.C. Hodgkinson) 101

117
Z:\Customer\CABI\A4241 - grice\A4334 - Grice - Global Rangelands #C.vp
Wednesday, June 19, 2002 10:42:30 AM

Color profile: Disabled
Composite  150 lpi at 45 degrees



managed, would be any less impacted. Farmers and ranchers in the US
spend about US$5 billion per annum on weed control, and weed losses
to crop and rangeland productivity in the US exceed US$7 billion per
annum (Babbitt, 1998).

The area of weed-infested rangeland is increasing. This is because
there are few economically viable solutions to plant invasions of the
rangelands, and the invading species tend to be long-lived perennials
that form self-perpetuating stands able to dominate the plant commu-
nity and resist further colonization by other species. Occasionally
we make inroads into rangeland weeds through less cost-intensive
technologies such as fire and biocontrol, but globally, the weeds are
winning the war.

Although weeds have impacted on people all over the rangelands,
it is perhaps in South Africa that the effects on humanity have
not only been the most acute and most clearly documented, but are
also combatted by people power in the most dramatic fashion (Van
Wilgen and van Wyk, 1999). About 750 tree and 8000 other plant
species have been introduced to South Africa. At least 161 species are
regarded as invasive, and they impact on 10 million ha (8%)
of the country. Fuel loads at invaded sites are increased tenfold,
increasing fire intensities and causing soil damage, increased erosion
and decreased germination from indigenous seed pools. One
particularly crucial effect of exotic plants has been that the tall
exotic vegetation takes up more groundwater than the short native
shrubland, reducing the flow of water in river systems. Other economic
impacts have not been well studied, but, for the South African
government, the impact on water availability alone justified inter-
vention. Studies in the Western Cape showed that clearing alien
plants from catchment areas can deliver additional water at only
14% of the cost of building a new dam. As a consequence, the
government set up the ‘Working for Water’ programme. Over 200
projects across South Africa engage unemployed people in the manual
and chemical clearance of exotic stands. Biological control also plays a
part in killing stands of some species, which can then be burnt or
cleared, and in preventing spread of other species by attacking their
seeds.

The justification for this programme is primarily economic, but the
same exotic species affect biodiversity. Exotic plants could eliminate
several thousand species of plants if spread is not controlled, seriously
affecting the delivery of ecosystem services. South Africa has been
fortunate in being able to raise significant funding for control
programmes through a combination of economic argument and strong
political support. However, intersectoral conflicts with the forest
industry and other users of plant products still must be resolved. This
will require political intervention.
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Why do we Import Species?

Plant invasions have for centuries been one of the consequences of
human migration and settlement. Any attempt to understand, predict
and potentially modify invasions in the future requires that we first
recognize the role of human behaviour (Mack, 1999).

Settlers to new lands have always had only two basic options for
satisfying their demands for food, fibre, animal forage and any other
real or perceived needs from nature. They could either derive these
commodities from the native biota or transport the germplasm and
cultivation technology to establish species from their homeland in the
new locale. Mack (1999) contends that the extent to which they pursue
the second option depends on basic human needs, decision-making
and a sense of well-being.

To satisfy urgent needs, European colonists frequently sought
introductions from homelands rather than conduct a thorough search
of the native biota. As colonists in a foreign land where emergency
relief was either unreliable or non-existent, they needed to become
self-sufficient quickly. Self-sufficiency meant the rapid establishment
of a reliable food base that was only minimally dependent on hunting
and gathering. For European settlers, crops and domesticated animals
that served so well in Europe were a logical solution and were
repeatedly requested.

Much less understandable is the continuation of this mindset
into modern times, long after the more familiar species have been
introduced. Governmental agencies in the late 20th century have
continued to practise a liberal policy of plant introduction, despite
ample evidence of potentially adverse consequences. In addition, the
numbers of imported species have been swollen, not by agricultural
species, but by frivolous ornamental plant introductions (Panetta,
1993). The market today for ornamentals is ephemeral and unpredict-
able, although the financial returns for being the first and sole source
for ‘trend-setting’ new introductions are lucrative. Such a market
prompts some commercial and amateur horticulturists to surrepti-
tiously import and propagate species. These uncontrolled introduc-
tions are a major avenue for plant immigration, in part because they are
difficult to intercept.

Mack (1999) argues for comprehensive standards for evaluating
the risks of releasing species, so that benefits can be weighed against
potential costs before release. This idea has long formed the basis
for evaluating potential biological control agents. For example, the
Australian Government has recently (in 1997) introduced a weed risk
assessment system that attempts to evaluate risk in new plant intro-
ductions. Other countries including the US are considering the
adoption of similar systems. Though there are arguments about the
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reliability of such systems, they at least force a slow-down and a sense
of questioning in the hitherto seemingly unrelenting plant introduction
process. Currently, around 30% of species are excluded from Australia,
where previously very few had been. Formerly, only those known else-
where as declared weeds were excluded. Mack proposes that testing
under quarantine for plants able to persist without cultivation (i.e.
watering, nutrients, pest control) would screen out potential invaders.
Certainly, plants that had been able to persist for several years without
tending were most likely to be weeds amongst those studied by
Lonsdale (1994). Unfortunately, these were also the species most likely
to be useful in the pastoral situation. Furthermore, such a process
would be unlikely to deal well with ornamentals, for which the
commercial value of any single species would not be worth the effort of
this depth of research.

A Helping Hand

Does increased nitrogen availability favour weed invasion in
rangelands?

While rangelands may seem unlikely locations for enhanced nitrogen
inputs, fixed forms of nitrogen may be lost to the atmosphere
from human-dominated systems and reach ecosystems downwind.
Thus, fragmentation and urban expansion are in fact associated with
downwind areas of enhanced nitrogen deposition. Because nitrogen is
so often limiting to primary productivity, alteration of nitrogen avail-
ability has the potential to influence the relative success of non-native
plants entering natural communities. Enhanced nitrogen availability
apparently encourages non-native species in semi-arid ecosystems
(Huenneke, 1999). Nitrogen has a significant influence on productivity
even in drylands (Lajtha and Schlesinger, 1986; Shachak and Lovett,
1998). In other low-productivity ecosystems, the increase in primary
production due to nitrogen additions has enhanced the invasiveness
and dominance of non-native species (e.g. Huenneke et al., 1990, for
Californian grasslands; Marrs and Lowday, 1992, for heathland; Marrs,
1993). Permanent transects in the Chihuahuan desert of New Mexico,
USA, supported significantly greater cover of non-native species after
fertilization (Huenneke, unpublished analysis of data from Jornada
Long-Term Ecological Research Programme). McIntyre and Lavorel
(1994) found that conditions enhancing water availability could
encourage the dominance and success of exotics; in semi-arid systems,
there can be an interaction of water and nitrogen such that, with addi-
tional water, plants can respond to the addition of nitrogen more
strongly.
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Development and fragmentation

There are increasing pressures for recreation and access to rangelands
for multiple use beyond livestock grazing (Huenneke, 1999). Many of
these uses also lead to opportunities for invasive species. For example,
the affordability of water for irrigation has led to expansion of intensive
agriculture in some locations within arid or semi-arid regions. The
intensity of farming and agricultural practices is positively correlated
with the frequency of weedy species (Boutin and Jobin, 1998),
and agricultural fields and watering points provide foci from which
climatically adapted species might spread (Huenneke and Noble,
1996). Pressures for such expansion of agriculture into lands
previously used only for less-intensive grazing will probably increase
in many semi-arid areas as human population pressures increase.

Because human transportation facilitates the dispersal of weed
propagules and because human development activities create distur-
bances that promote establishment of weeds, roads and roadside
habitats are positively associated with the introduction and spread of
weeds. Semi-arid ecosystems and rangelands are not different from
other ecosystems in this respect; roadsides are often the locations
along which non-natives spread and from which they disperse into
surrounding ecosystems.

Thus, it is envisaged that housing developments with their
associated gardens, irrigation, fragmentation of rangelands by roads
and nitrification from human activities, will work synergistically to
accelerate the process of plant invasion.

Can we Increase Weed Control Resources for Rangelands?

Where the free market does not result in the most efficient outcomes,
there is market failure, and it may be appropriate for the government
to intervene (Pannell, 1999). An example of market failure for range-
land weeds is where a species, for example a pasture grass, spreads
from farms into a national park. Unless there is regulation, the farmers
creating this ‘pollution’ will not consider the costs this imposes on
others – in this case the taxpayer. (This form of market failure is
defined as an externality.) However, theory also indicates that the
mere existence of market failure is not a sufficient justification for
government involvement. This is because there is a cost to economic
efficiency in having the government intervene. For example, it is
estimated that the costs of government involvement is generally 40% of
the funds collected (Pannell, 1999).

If the government is advised that there will be major external cost
if the weed is allowed to spread to the national park, and decides
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to control the weed, who should pay for the control measures? A
commonly cited approach is the ‘beneficiary pays’ principle. However,
it is difficult to identify the true beneficiaries of such control, and it
would often end in being defined as the taxpayer. An alternative, the
‘polluter pays’ principle, would have the farmers pay. The two alterna-
tives will have different economic and social consequences but the
decision is a political one, not an economic one.

Pannell briefly reviewed the Australian National Weeds Strategy
(Anon., 1999), arguing that its effectiveness is likely to be limited
because of the nature of the Australian federation. Responsibility for
most laws dealing with the land rests with state governments. Conse-
quently, the National Weeds Strategy would have to be well resourced
to buy the cooperation of the states. Unfortunately, this has not been
the case, and the Strategy’s many worthy goals have been formulated
without serious consideration of the mechanisms necessary to achieve
them (Pannell, 1999). It is ‘large on spirit and low on means’.

In the wake of the Uruguay round of the General Agreement on
Tariffs and Trade (GATT), world trade bodies have become increas-
ingly concerned that phytosanitary regulations (such as those govern-
ing weed introduction) will be used to subvert free trade agreements.
Pannell (1999) warns that, in future, Australia may be challenged by
the World Trade Organization to show that the claimed absence of
particular weeds from our shores is genuine and worth maintaining
through regulation.

Recommended Future Directions

We recommend that for weed management in rangeland ecosystems,
we need to take a more strategic approach. After a broad indication of
what we mean by ‘strategic weed control’, we will go on and recom-
mend areas of research and application that will contribute to such an
approach, namely:

1. Methods of prioritizing amongst weeds;
2. Integrated weed management;
3. Risk assessment and management; and
4. Quantifying invasibility.

Strategic weed control

The 1990s saw increasing use of a strategic approach in weed control.
Possibly the first recorded definition of strategic weed control was a
paper in 1988 that drew the distinction very clearly between strategy,
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which is taking a long-term, far-reaching view of how to control weeds,
and tactics, which includes things like different herbicide mixes,
nozzle sizes, which insects to use in biocontrol, etc. (Moody and
Mack, 1988).

Increasing emphasis on strategy saw Australia developing its
National Weed Strategy during the 1990s. Clearly, a strategy must
have scientific and technical underpinnings but it must also be able to
command resources in the long term and at a large scale. A truly
national strategy must be able to bring about policy and behavioural
change, not just increase the exchange of information.

South Africa’s ‘Working for Water’ programme is also strategic in
conception – it has long time frames and a national scale, and integrates
control measures to achieve its aims (Van Wilgen and van Wyk, 1999).
Another manifestation of a strategic approach is the creation of the
Cooperative Research Centre (CRC) for Weed Management Systems
in Australia, a network of agencies. The three ecosystem-based
programmes again reflect a strategic approach, the emphasis being
on ecosystems and how to manage them instead of groupings around
particular weeds.

The CRC had as its goal the aim of reducing the impact of
weeds by 10% by the year 2000. This was difficult to demonstrate
for environmental weeds and pasture weeds, not because of any
failure to develop and apply control technologies, but because
of a shortage of baseline data against which the performance can be
measured. It is striking how the basic information that is quite
widely available for cropping weeds, such as the distribution of
the weed and the relationship between its abundance and economic
losses, is little known for weeds in rangelands. There is a great need
for this kind of information to guide policy development and resource
allocation

Prioritizing amongst weeds

There are too many weeds for us to tackle them all. Efficient control
would be best served if we could prioritize them for control based on
their importance, as measured by impact. One of the authors (M.L.)
devised the simple equation, I = R × A × E, where I is overall impact
of an invader, R is range, A is abundance and E is per capita impact.
It has been used recently by a number of ecologists to clarify the
different components of impact of invaders (e.g. Parker et al., 1999;
Williamson, 2001).

Our efforts to quantify impact and prioritize amongst different
weed species are likely to founder on the term E and by the error in
its measurement (see Parker et al., 1999). We have to face up to this
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uncertainty. To do an environmental impact assessment, say of a new
mine, is very expensive, long term and multidisciplinary. Measuring
the per capita impact of an invasive weed is likely to be similarly
complex and to do it for all invasive weeds would be too costly.

Instead we must make broad guesses about E based on generaliza-
tions from functional groups of plants or invaders. One component of
E, which in cropping weeds represents around 30 or 40% of the impact,
is the cost of control, and this should be comparatively easy to obtain.
We also need to tackle the other parts of the equation above, the range R
and the abundance A of species, which should be easier to achieve.
Both are easy to measure in comparison with E, simply by surveying;
they are an important part of overall impact, and ought to be better
known. We need to allocate more resources simply to mapping weeds.
This could then be combined with some broad estimations of E for
functional groups to help prioritize weeds for control.

Integrated weed management for extensive land systems

A useful description of integrated weed management (IWM), a term
increasingly in vogue these days (e.g. Radford et al., 1999), is: ‘IWM
combines weed control methods in a way that maximizes the impact of
control resources while minimizing economic, health, and environ-
mental risks’. It is a form of ecosystem management and it is often
referred to as contributing to sustainability. It implies an understanding
of the ecology of the weed and of the system it infests, and their inter-
action with the available control measures, such that the demise of the
weed can be achieved with minimal environmental damage and
maximal efficiency. Note that, in its widest sense, IWM can even
include the policies and regulations enacted to achieve a reduction in
weed impact (e.g. Hayes and Gilliam, 1999).

Some elements of an IWM strategy include:

1. A clear vision for the desired ecosystem following the weed’s
removal and the management regime that ecosystem will be under.
This then determines the process of revegetation that should be
followed, which in turn allows one to identify the control methods that
are incompatible with that process.
2. A battery of control methods (fire, biocontrol, mechanical methods,
grazing, competitive pastures, etc.) from which to choose, with an indi-
cation of their relative compatibilities. Where biocontrol is involved,
the challenge is to integrate living organisms, the biocontrol agents,
with other methods that undermine the weed’s resource base.
3. A management plan to achieve the desired end, that includes
stopping rules or thresholds (see Kriticos et al., 1999; Panetta and
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James, 1999) in the event that the control methods prove ineffectual or
counter-productive.

The knowledge required for such a strategy may take decades and
much funding to generate, and comprehensive IWM may therefore be
possible only for a sub-set of our major weeds. The cost of registering a
herbicide for use against a particular weed may be prohibitive.

In what may be termed a ‘triumph of hope over experience’, even
now, some workers support the use of introduced species to out-com-
pete and thereby diminish the role of current invaders. Specifically,
Bromus tectorum has dominated a vast rangeland region in the
intermountain west of the US for almost 70 years with little evidence
that it is ever replaced. Non-indigenous species, Kochia prostrata and
Secale montanum, have been recommended for introduction to combat
B. tectorum (Anderson et al., 1990; McArthur et al., 1990). However,
although the goal may be to replace a species of little forage value with
more valuable forage species, any potential replacement of one
non-indigenous species with another seems a dubious practice.
Furthermore, neither proposed introduction would totally displace
B. tectorum (R. Mack, personal communication) The more likely result
would be an expanded list of non-indigenous species that must be
controlled. Fewer, not more, non-indigenous species in rangelands
would seem to be the appropriate goal.

Risk assessment and risk management

We now know that probably the majority of Australia’s major
weeds were introduced intentionally (Panetta, 1993). For example, in
northern Australia, 463 species were introduced over 40 years to
improve tropical pasture production. Of these species, 13% became
weeds but only 4% became useful; 3% were useful and weedy, so
only 1% were useful without being weeds (Lonsdale, 1994). We really
should be able to do better than this.

Australia now has a weed risk-assessment system in place. This has
been tested and found to be more than 80% accurate in identifying
weeds and was adopted as policy in 1997. Other systems of very high
accuracy are reported in the recent literature (e.g. Rejmanek and
Richardson, 1996; Reichard and Hamilton, 1997). However, this high
accuracy seems to fly in the face of ecological theory (Lonsdale and
Smith, 2001; Williamson, 2001). Success of an invader is the result of
an interaction between chance, genotype and environment. No-one
knows how big a contribution each has to success, but environment
and chance are certainly very important. How, then, can a screening
system that asks questions about the plant only, do such a good job of
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screening out the weeds? It may be that these estimates of accuracy are
overly optimistic. Evaluations of screening systems have included
biased sampling, the problem of dropouts, failure to carry out blind
evaluation and a failure to take account of the base rate effect (Smith
et al., 1999; Lonsdale and Smith, 2001). It is important that we improve
weed risk analysis (WRA) theory because, for example, WRA may be
used for GMOs or for sleeper weeds, and so the consequences of
over-optimism about screening methods may be far-reaching.

Controlling weeds at the point of entry seems like good sense until
one remembers that thousands of species enter the country each year,
yet only a handful become weeds (in the order of ten or so per year for
Australia; Groves, 1998). The transition of species from imported to
weedy status involves a series of steps with heavy wastage at each step
(e.g. Williamson and Fitter, 1996). Consequently, the number of new
weeds emerging from the pool of naturalized species each year depends
very little on the rate of importation. In order to reduce the rate of
emergence of new weed species using importation controls, it would be
necessary to reduce the rate of importation to a trickle (Fig. 8.1). This is
a worthy aim but would probably be socially unacceptable.

An alternative view would argue that the weed potential of plant
species is effectively unpredictable, and that we would be better advised
to focus resources on risk management than on prediction. For example,
we should be doing much more work on casual and naturalized species
– those termed sleeper weeds – because it is from here that the next
major weeds will come. Even here, risk analysis theory recommends that
when a phenomenon is difficult to predict, it is necessary to put
resources into monitoring and risk management. Thus, we might have in
place a system of sentinel sites – natural and semi-natural vegetation,
close to areas of high human population pressure or agricultural devel-
opment. These would be monitored repeatedly to alert us when a sleeper
weed (defined as an exotic species, casual or naturalized, that has not
undergone an increase in abundance to damaging levels) has woken
from its slumber. Sentinel groups (e.g. keen local naturalists) might
be enlisted to monitor the sites regularly as well as other areas on an
ad hoc basis for species increasing in abundance. At the same time, we
should seek resources to eradicate alien species that are present in small
numbers, to reduce the diversity of exotics that in itself increases risk.

In general, a site-based rather than species-based approach will be
needed where ecosystems are invaded by mixtures of species.

Invasibility

A further bet-hedging strategy would be to focus on risk assessment of
ecosystems rather than on risk assessment of species. Do different land
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use types differ significantly in their invasibility – their intrinsic
susceptibility to invasion? Past studies of invasibility were flawed
because, being based on comparisons of the degree to which different
ecosystems were invaded, they confounded invasibility with propagule
pressure (Lonsdale, 1999). We need a new approach that would
involve looking at the fates of groups of species introduced into regions
over history to compare the success rate (e.g. proportion of species
becoming naturalized, average lag-phase before naturalization, and so
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Incoming 1000 spp.

Casuals 100 spp.

Naturalized 10 spp.

Weeds 1 sp.

Fig. 8.1. Schematic showing the transitions for invasive species from arrival to the
status of having a negative impact. A series of water tanks represents the pools of
species. Each tank drips into the next, and as a rule of thumb we might assume that
each tank represents 10% of the volume of the preceding one (see Williamson and
Fitter, 1996). Even if we completely halt the transition from incoming to casual –
the focus of much effort in quarantine globally – it would take a long time before
we will have an effect on the number of weeds. Clearly we should be paying
considerable attention to the factors affecting the change from naturalized to weed
status.
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on) of those species in different ecosystems. This would to some extent
control for propagule pressure, so that differences between ecosystems
in such variables would be an indication of differences in their
invasibilities. Such an approach would also help us in risk assessment
because it may be possible to develop generalizations of the relevant
risks posed by different sectors to different habitats.

Conclusions

Rangelands globally are amongst the ecosystems worst affected by
weeds. The extent of rangelands that are invaded is probably increas-
ing, though monitoring of the problem is poor. Plant invasions result
largely from human needs, which result in movement of weed species
and degradation of ecosystems so that they become more susceptible to
invasion. Increasing pressure of international trade will increase the
movement of species around the world, but quarantine barriers to
exclude potentially invasive species could be challenged under World
Trade Organization procedures unless they can be shown to have a
strong scientific basis. On the other hand, agricultural production
systems that result in plant invasions without controlling them could
also be disputed as representing an unfair trade subsidy to the industry
causing the damage. There will be an increasing need for a risk-
weighted approach to plant introductions and weed management, and
especially an understanding of the costs and benefits of introducing
and of excluding proposed introductions. While the battle may be lost
against the current generation of weeds, it should be possible to slow
the rate of emergence of new weed species, or of new outbreaks by
existing weed species, by placing greater emphasis on surveillance,
perhaps with a system of sentinel sites.
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9People and Rangeland
Biodiversity

David M.J.S. Bowman

Introduction

What ecological factors best distinguish rangeland from agricultural
landscapes? One obvious difference is that in rangelands, native vege-
tation is exploited to support livestock production, whereas in more
intensively managed agrosystems the natural ecosystem is virtually
replaced. Indeed, an often unappreciated and undervalued by-product
of rangeland grazing has been the conservation of biological diversity.
Thus, a simple answer to the question posed above is the predomi-
nance of ‘biodiversity’: if you substantially eliminate ‘biodiversity’
from rangelands you end up with agricultural landscapes.

Definitions of Biodiversity

Biodiversity is an easy word to say but a difficult concept to define. The
word can be used to describe two related concepts. Biodiversity is a
phrase that encapsulates the threat of human-induced mass extinction
of species. Alternatively, it can be shorthand for one of the great,
unsolved scientific problems: the evolutionary and ecological signifi-
cance of the enormous diversity of life-forms. The two uses are con-
nected because some biologists believe that by understanding the latter
they can contribute to moderating the former. The word carries consid-
erable political freight, as the general public’s widespread concern
about the current extinction crisis provided political spur for 161
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countries to ratify the International Convention on Biological Diversity.
In what follows the word ‘biodiversity’ is used in both the scientific
and the environmental sense.

Perceptions of biodiversity vary with temporal and spatial scales.
Some researchers believe that long extinct life-forms, such as the Pleis-
tocene megaherbivores, should be considered when evaluating the
health and integrity of rangelands (Flannery, 1999). Historical analyses
clearly demonstrate that rangeland biodiversity has changed in
response to climatic as well as human influences over the last 1000
years (Thomas, 1999). Even when working in modern-day landscapes,
the measurement of biodiversity depends upon temporal perspectives
and spatial scale. For instance, Australian experience suggests that the
maintenance of biodiversity is dependent upon the subtle variation of
biological resources in space and time within vast tracts of superficially
homogeneous rangeland (Woinarski, 1999).

The breadth and ‘fuzziness’ of the concept frustrates comparative
analyses and makes operational definitions difficult to formulate. This
is well illustrated by the overall increase in the number of plant species
and diversity of life-forms and habitats in the South American pampas
following transformation of natural grassland to an agricultural land-
scape (Ghersa and Leon, 1999). Although the original vegetation is now
almost completely lost and typically persists only on road verges, there
have been few plant extinctions. Conversely, the widespread historical
decline of bird species in the superficially ‘intact’ savannas of northern
Australia signals that pervasive (though insidious and incremental)
ecosystem decay has followed European colonization of that area
(Woinarski, 1999).

It is critical to note that biodiversity is more than creating lists
showing the presence or absence of species at particular locations –
something akin to preparing the manifest for Noah’s Ark. Snapshots of
biodiversity may fail to determine the genetic diversity of populations
and their long-term viability. Furthermore, a complete appreciation of
biodiversity demands consideration of organisms that cannot be seen
by the naked eye and which often live below ground, for example
symbiotic root fungi (mycorrhizae) and soil mites.

Operational definitions of biodiversity are needed to make this
complex concept tractable. Some authors suggest that selected inverte-
brate species can provide insights into the overall status of rangeland
biodiversity and the ecological health of rangeland landscapes. They
argue that the advantages of key groups of invertebrates include great
abundance, diversity and importance in the functioning of ecological
systems (Cook et al., 1999). However, these authors note that the great
diversity and abundance of invertebrates is also a disadvantage and
that more research is required to identify key indicator species or
broader taxonomic groupings. To be useful for monitoring, even these
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bio-indicators need to be coupled with landscape attributes that can be
identified using aerial photographs and satellite images.

The concept of biodiversity also incorporates interactions between
species, some of which are of fundamental importance to ecosystem
function. This is well illustrated by Noble et al.’s (1999) hypothesis
that the post-European local extinction of the marsupial burrowing
bettong may have triggered the loss of biodiversity in Acacia aneura
shrublands in the Australian arid zone (Fig. 9.1). They posit that
recurrent, localized soil disturbance by this marsupial was ‘responsible
for creating and maintaining . . . a diverse and productive understorey’
and associated diversity of soil organisms, much of which is micro-
scopic, taxonomically undescribed and whose ecological function is
unknown.

Ecological Services

It is increasingly recognized that these interactions between species
provide ecological services, such as the provision of stable soils and
reliable supplies of water, upon which rangeland productivity depends.
In a time of changing land use and climate, another key ecological
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Fig. 9.1. Hypothesized interrelationships between various elements of the soil
biota in pre-European Acacia aneura shrubland on red earth soils in western New
South Wales (Noble et al., 1999).
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service provided by biodiversity is to give rangelands resilience to envi-
ronmental change. Apparently redundant species under one set
of environmental conditions may be pivotal for the functioning of
rangelands under another set of contingencies. However, it is apparent
that the structure, function and response of rangelands to stress and
disturbance vary both globally and regionally (e.g. Flannery, 1999), and
it is thus difficult to develop general ecological models upon which to
base sustainable management. Moreover, the quality and quantity of
biological information available to manage rangeland biodiversity also
varies enormously. Understanding how rangeland ecosystems work
and what role various components of the biodiversity play presents a
major research challenge (Fig. 9.2).

For these reasons, the treatment of biodiversity as a purely
uni-dimensional and thus readily quantifiable economic resource is
most dubious.

Threats

A fundamental driver of the current global extinction crisis is the
growth of human populations. In many areas, the level of demand for
food and other resources being placed on rangelands are such as to
cause environmental degradation and declines in biodiversity (e.g.
Bond, 1999; Shourong, 1999). Furthermore, as a result of the continu-
ing urbanization of populations, decisions that determine the fate of
rangeland biodiversity are often made by people largely disconnected
from the day-to-day realities and ecological constraints of rural
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Fig. 9.2. Generalized effect of organisms of different body size on soil structure
and soil fertility (Noble et al., 1999).
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landscapes. Rangeland biodiversity is also at risk from the destruction
of ecosystems during wars (Omar, 1999) that are often themselves
a consequence of population pressures and conflict over natural
resources.

Probably the single greatest threat to rangelands is their conversion
to agricultural or urban land. Rangelands, and thus their biodiversity,
have often persisted precisely because the lands are marginal for
more intensive agriculture. With population pressure, land-use may
be intensified regardless of its marginality, especially in the
less-developed world. Land may also be rendered less marginal (and
thus more readily convertible to agricultural land) by improved
technology such as irrigation, development of new crops and cropping
methods, and the successful eradication of diseases afflicting humans
and domestic animals (e.g. tsetse fly in Africa). The development of
genetically modified organisms (GMOs) has enormous potential to
extend this process by allowing the development of crops more
tolerant of drought or soil infertility or able to be more efficiently
farmed with herbicides and fertilizers. GMOs also present a risk of
leakage of genetic material into wild populations, thus threatening
rangeland biodiversity. Further, the high efficiency of GMO-based
agrosystems is likely to disadvantage populations of wildlife that
have been able to ‘scrape’ a living from the ‘waste’ of more traditional
production systems such as early seed shed of crops and weeds that
coexist with crops. It would be a tragic irony indeed if genetic
biodiversity were turned against biodiversity in the whole organism
and ecological community sense. The development of agricultural
systems based on GMOs may also foreclose the opportunity of produc-
ing ‘clean and green’ products from rangelands. There is an increasing
demand for such products given widespread consumer antipathy to
GMO products. Indeed, biodiversity may ‘value add’ to rangeland
products, hence providing a competitive edge against more traditional
agricultural products.

A frequent consequence of human population increases is higher
levels of stocking. Many of the world’s rangelands have evolved with
grazing animals, and biodiversity in some systems may be optimized by
moderate grazing pressure (Hart, 1999; Manoharan et al., 1999). Cattle
may even be successfully (in an ecological as well as an economic
sense) substituted for large wild herbivores (Flannery, 1999). However,
overgrazing is inevitably associated with the loss of biodiversity, a trend
all too apparent in various localities (Ellis et al., 1999; Ferchichi, 1999;
Longhi et al., 1999; Manoharan et al., 1999; Reid et al., 1999). Indeed,
once human populations exceed the support capacity of livestock
populations there is an inevitable shift from range production to more
intensive land uses that have negative consequences for rangeland
biodiversity (Ellis et al., 1999) (Fig. 9.3).
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Weed invasion is also a major threat to biodiversity. Exotic plants
may compete with natives, render habitats unfavourable for wildlife
and change ecological processes such as nutrient cycling and fire
regimes (Shaw et al., 1999; van Wilgen and van Wyk, 1999). Although
exotics can become weeds following unintentional introduction, the
vast majority of invasives have been intentionally introduced
(Huenneke, 1999). Their spread may be exacerbated by human-caused
disturbance.

Strategies for Managing Rangeland Biodiversity

As with commercial fisheries and forestry, the ecologically sustainable
management of rangeland, and hence the conservation of biodiversity,
demands that there is a balance between wealth creation and the
preservation of natural ecosystems. To date, ‘sustainable’ use of range-
lands has often focused narrowly on production rather than overall
ecosystem health (Woinarski, 1999). At the most basic level, conserva-
tion of rangeland biodiversity is impossible without a widespread
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Fig. 9.3. Declining ratio of livestock populations (measured in tropical livestock
units) to human population density in the Ngorongoro Conservation Area,
Tanzania. The current ratio of three tropical livestock units per person is the
minimum for sustainable rangeland production. Further increases in human
population will result in more intensive land-use practices that are incompatible
with the stated objective of conserving wildlife populations (Ellis et al., 1999).
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acceptance that biodiversity is important – a thought that is still
taking root in the rangeland decision-making processes. Indeed,
only recently has the loss of rangeland biodiversity been considered
something more than an inevitable ‘cost’ of economic exploitation
(Woinarski, 1999).

Two contrasting (but potentially complementary) strategies exist
for the conservation of rangeland biodiversity. The conventional
approach has been the establishment of formally declared conservation
reserves. Problems with this approach included a bias against produc-
tive landscapes and those landscapes that are devoid of large and/or
charismatic animals or other obvious aesthetic values, and a failure to
accommodate the rights and traditional practices of indigenous people.
Almost invariably, existing nature reserves fail to adequately conserve
a sufficient cross-section of environments. Individual reserves are often
not large enough for animals that migrate across large distances or to
buffer ecosystems and species against temporal variation in viability
caused by disease, drought, fire and other influences, including the
recently recognized threat of climate change.

Because of these problems, many are advocating ‘off-reserve’ con-
servation programmes that actively involve local communities. This
requires creative approaches such as finding ways to integrate a
diversity of uses (e.g. pastoralism, ecotourism, safari hunting, wildlife
harvesting, game ranching, harvesting of wild plants for food and
medicine, carbon storage and hunting and foraging by indigenous peo-
ples) with biodiversity. If off-reserve management is to be successful, a
complex array of factors must be considered. Some of these factors are
external, may originate from economically and geographically distant
nations, and may be formulated by institutions, such as multinational
corporations, that have no real long-term commitment to rangeland.
Other factors, such as the accessibility of information and resources
to rangeland users and the way they are politically organized, are
local. Indeed, off-reserve conservation of biodiversity is impossible
without local community control and the explicit incorporation of
human needs and aspirations into management planning. In this
context it must be accepted that the motivation for community stake-
holder involvement is often in response to a range of socio-economic
factors rather than a narrow focus on biodiversity conservation.
For instance, power and control over natural resources can be seen
as a route to achieve political and economic goals pursued by local
communities that are not directly related to environmental issues
(Fabricius, 1999).

The preservation of rangeland biodiversity requires the commit-
ment of people to balance their immediate self-interest against broader,
often intangible, public and ecological values (Fig. 9.4). Critical to the
success of this balancing act is a shift from an ‘adversarial’ approach
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by management agencies and pressure groups towards land-users to
cooperative programmes amongst all stakeholders. There are some
encouraging signs that the middle ground can be found to conserve
biodiversity in a variety of socio-economic settings (e.g. Barratt, 1999;
Brunson, 1999; Fabricius, 1999; Havstad and Coffin Peters, 1999).
Clearly such programmes must be economically as well as ecologically
sustainable. Much more research is required to understand how to
achieve these often disparate goals (James et al., 1999; Perrings and
Walker, 1999). In general terms, the economic viability of off-reserve
conservation programmes appears to be dependent upon the relation-
ship between land use intensity and biodiversity, and the economic
cost and benefits of implementing regimes designed to favour
biodiversity. Although local decision-making is pivotal in off-reserve
conservation there is also a clear role for government and non-govern-
ment interest groups to provide incentives to help local landowners
bear the cost of conserving biodiversity in both the developed and
developing world. Acceptable cost-sharing arrangements between
‘society’ and the individual landholder will probably prove to be
central to the success of off-reserve management. This ‘incentives’
based approach is being accepted in more closely settled areas but
needs to be adapted for rangeland. Often funds are only available
to support short-term programmes from government or donor
programmes (Fabricius, 1999). A good example is the Natural
Heritage Trust, recently established by the Commonwealth Govern-
ment of Australia, that has supported a number of projects designed to
conserve biodiversity involving a broad cross-section of stakeholders
in Australian rangelands (e.g. Barratt, 1999). A problem with such
approaches is that they can be a ‘flash in the pan’ given the absence of
recurrent funding. This is a serious problem given that the response of
wildlife and the local community to any management initiative follows
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Fig. 9.4. Diagrammatic representation of the sociological factors that must be
balanced to achieve collaborative partnerships between individual stakeholders
and the broader society (Brunson, 1999).
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idiosyncratic trajectories through time and thus a ‘win–win’ outcome
may take a considerable time to eventuate (Fabricius, 1999) (Fig. 9.5).

There is no doubt that dependence on off-reserve conservation is a
risky strategy. Political stability and law enforcement are critical for the
success of off-reserve conservation because local communities that
make sacrifices for long-term management of biodiversity must be
assured that they will be able to reap the rewards. Sadly, globally, there
is a strong correlation between political instability and serious threats
to biodiversity. In some countries, such as the USA and Australia,
systems of legally binding agreements such as covenants and manage-
ment agreements are being developed to reduce this risk associated
with off-reserve conservation. Where they can be implemented, they
can be an important means of expanding the biodiversity conservation
network. However, economic and social situations can change rapidly,
even where there is political stability, thus making it difficult to make
off-reserve conservation legally binding. Consequently, some conserva-
tion biologists believe that dependence upon off-reserve conservation
of biodiversity is far too risky without the back-up of officially desig-
nated nature reserves. To be effective such formal reserves should be
biogeographically representative, adequately resourced and dedicated
in perpetuity (Bond, 1999; Woinarski, 1999). Such reserves can also act
as a biodiversity reservoir to stock (or restock) game ranches and
degraded landscapes. Finding an optimal balance between nature
reserves and off-reserve conservation strategies demands regional-scale
assessment. Such assessments must identify areas required for conser-
vation reserves and predict, at least in general terms, the consequences
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Fig. 9.5. Hypothetical trajectories of positive and negative consequences for wild-
life populations and local human communities following a wildlife management
initiative. The downward pointing arrows are circumstances that cause a negative
response and the upward arrows cause a positive response for either wildlife or
humans (Fabricius, 1999).
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of various mixes of land uses for biodiversity (Wessels et al., 1999;
Woinarski, 1999).

Prognosis for Rangeland Biodiversity

Threats to rangeland biodiversity are in direct proportion to accelerat-
ing global economic and environmental change driven by technological
innovation and expanding human populations – wittingly and
unwittingly, people are determining the fate of the evolutionary
heritage contained in rangelands. Rangeland managers are now faced
with an extremely complicated juggling act – a balance must be found
between conflicting land uses, between short- and long-term economic
returns, between management of spectacular and management of
ordinary species, and with the rights and responsibilities of indigenous
peoples. Further, rangeland managers must be prepared for new
challenges and be able to seize opportunities as they arise. Clearly
no single strategy can be formulated to ‘keep all the balls in the air’. A
variety of approaches is required including areas set aside for nature
conservation in perpetuity, off-reserve conservation programmes and
areas knowingly sacrificed for economic development. The relatively
new concept of ‘rangeland biodiversity’ is important in achieving this
balance because it provides a broad planning and policy focus for the
management of landscapes outside national parks. Biodiversity should
be seen by rangeland professionals as an opportunity to stray from
the well-trodden path, to develop new community partnerships and
new ways of sustainably managing entire landscapes – there is much
exciting and innovative work to be done.
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10Managing Grazing
Mick Quirk

Introduction

Managing grazing to achieve sustainable use of grazing lands has been
the primary theme of rangeland management. While there is now
increasing emphasis on uses and values of rangelands that are not
directly dependent on grazing, the fact remains that grazing, be it from
domestic animals, wildlife and/or feral herbivores, is an integral
process in practically all rangelands.

The ‘traditional’ discipline of grazing management was built upon
the view that grazing was the primary driver of rangeland condition
(e.g. Stoddart et al., 1975; Vallentine, 1990). The evidence of the effects
on landscapes of past overstocking, combined with studies of the
effects of defoliation on plant morphology, population dynamics and
physiology, produced the understanding that grazing was primarily a
negative process and therefore required close management. A maxim of
grazing management was that pastures should be rested to conserve or
replenish root reserves and allow plants to set and distribute seed
(Stoddart et al., 1975). Grazing systems were based on either regular
deferment of grazing or on periods of rest (varying from weeks to
months, depending on system) interspersed with periods of grazing
(from days to months, again depending on the particular system). The
traditional discipline of grazing management generally took this
need for regular rest or deferment as a ‘given’, and focused its efforts
on understanding things like spatial patterns of grazing, grazing
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distribution, foraging behaviour, diet selection, multi-species grazing,
carrying capacity and stocking rate.

In recent years, there have been challenges to the traditional
approach to managing grazing. First, the Clementsian view of
rangeland succession (Clements, 1916) and its somewhat formulaic
application to rangeland management (e.g. Dyksterhuis, 1949) has
been challenged. Evidence and opinions were presented to show that,
in some situations, grazing was not a primary driver of range condition
(e.g. Behnke and Scoones, 1993) and that, in others, some grazing-
induced changes in range condition were actually changes in state that
were not readily reversible by removal of grazing pressure (e.g.
Laycock, 1991). Second, the assumed universal need for some type
of grazing system (implying regular rest or deferment, often repeated
within the one season or year) has been challenged (e.g. Hart et al.,
1993). The majority of studies show no consistent advantage to special-
ized grazing systems over ‘moderate’ continuous stocking, all other
things being equal. Third, such grazing systems are not applicable to
communally managed rangelands, common over most of Africa and
central and southern Asia. These rangelands are not fenced and are
accessed by many users with different production objectives, resource
needs and access rights; these factors make it difficult or impossible to
apply a particular grazing system (Hiernaux, 2000).

Where are we then with grazing management? Have we put too
much emphasis on grazing as a driver of vegetation change on range-
lands? Have we put too much emphasis on grazing systems? When is
grazing important? If important, what are the key processes, principles
and practices?

Understanding the Effects of Grazing

Are we losing our equilibrium?

The range succession (equilibrium) approach to understanding the
dynamics of grazed rangelands has been the basis for traditional
grazing management, particularly in the USA and South Africa. This
model predicts that grazing pressure, acting against successional
tendencies towards a stable single climax, is a primary determinant of
range condition; hence, the removal, reduction or appropriate re-timing
of grazing pressure should promote a trend towards better condition, as
defined by the climax. In terms of population dynamics, this model
implicitly assumes a tight coupling between the abundance of herbi-
vores and the productivity and species composition of plants, at least
in situations where management interventions (e.g. drought feeding) do
not disrupt this coupling.
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The recent challenges to this model are based on beliefs,
observations and data that are inconsistent with its predictions, for
example:

� Grazing-induced changes are not always readily reversed by
removal of grazing.

� Multiple steady states, rather than a single climax, are apparent.
� Vegetation changes can be unpredictable, and some may not be

caused primarily by grazing.
� Scale affects the nature of the coupling between animal and plant

dynamics.

These observations are consistent with a more complex, less predict-
able view of the dynamics of rangelands, rather than one tied to the
notion of a single climax; and one in which the system can change in
response to a suite of factors, not just grazing, and may or may not
return to its previous condition. Several alternative models have been
proposed to help understand and predict this complexity, e.g.
state-and-transition (Westoby et al., 1989) and threshold models
(Friedel, 1991). Such models attempt to catalogue apparently stable
states and the factors that may trigger transitions to other states.
State-and-transition has become associated with a non-equilibrium
view of range dynamics, even though it does not presume any basis in
ecological theory (Westoby et al., 1989). In any case, non-equilibrium
concepts (and state-and-transition, by association) have been promoted
as being particularly appropriate for inherently variable, arid or
semi-arid environments. In these environments, grazing per se may not
appear to be as important as chance events, and/or grazing effects may
be swamped by climatic variability (e.g. Friedel, 1991; Laycock, 1991).
State-and-transition type models also better accommodate historical
vegetation changes that appear irreversible in many environments, e.g.
increases in woody plant densities (e.g. Archer, 1989).

However, non-equilibrium models, in terms of population
dynamics, implicitly assume loose coupling between the abundance of
herbivores and the productivity and species composition of plants.
This implies that, in truly non-equilibrium environments, plant
productivity and composition are determined largely by density-
independent abiotic factors, such as climate, and that effects due
to herbivory are small. Ellis and Swift (1988) argue from their
observations in parts of Africa that such non-equilibrium environments
exist where livestock numbers appear unrelated to vegetation
dynamics. They argue that changes in forage quantity are too large and
rapid to be closely tracked by animal numbers, and also that the
animal populations experience intermittent die-offs during extended
droughts, thus keeping animal densities below levels that would cause
degradation. Another factor contributing to the apparent loose coupling
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of livestock and vegetation in these environments may be the local
to regional movement of livestock, generally on a seasonal basis,
associated with transhumance. According to this ‘new’ paradigm, then,
livestock grazing is unlikely to be a cause of land degradation in
non-equilibrium environments (e.g. see Behnke and Scoones, 1993).
According to Ellis (1994), non-equilibrium dynamics are likely to occur
in variable, low-rainfall environments.

Thus, a range of views has emerged about the importance of grazing
in determining range condition:

1. The traditional ‘Clementsian’ approach where grazing is a primary
determinant, and vegetation responses to grazing management are
generally significant and predictable (with implicit assumptions about
equilibrium dynamics).
2. The state-and-transition approach which emphasizes triggers to
transitions between apparently stable alternative vegetation states,
with grazing as only one of the potential triggers (with no pretence to be
based on any ecological model and, therefore, no set assumptions about
the degree of coupling).
3. The non-equilibrium approach (with assumptions about loose or
non-existent coupling) which predicts that, in some environments,
grazing is unimportant.

There is clearly some confusion about these approaches, with
state-and-transition and non-equilibrium often being considered
equivalent, even though the latter is an ecological model and the
former a simple catalogue of perceived states and transitions. Recent
discussions about the most appropriate model for discerning the
importance and likely impact of grazing management have been bogged
down due to:

� Lack of testing of the predictions of each model.
� Some lack of interest in the debate from those that actually

manage rangelands (or those that advise rangeland managers),
which can be typified by the statement: ‘It’s just an argument
amongst ecologists and academics; let’s get on with practical
management’.

The supposed dichotomy between equilibrium and non-equilibrium
systems is mentioned glibly in many papers and reports with little
definition about what this means and with little evidence presented to
justify the distinctions. The important point is that we want models
that help us understand dynamics of rangelands and provide useful
predictive capacity for decision-making. Each model should be tested
for its contribution to both understanding and predicability, rather
than being blindly accepted as the best approach to understanding
rangeland dynamics.
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Should we mix our models?

How should the contemporary range professional proceed to tease
out the importance of grazing in determining range condition?
There are several approaches possible. One approach is to look at
the rangeland system under consideration and decide whether or not
it is likely to behave like the traditional range succession model
(e.g. Fernandez-Gimenez and Allen-Diaz, 1999; Walker and
Hodgkinson, 1999). Criteria include climate variability and susceptibil-
ity to invasion by woody plants. Fernandez-Gimenez and
Allen-Diaz (1999) actually collected data (albeit short-term) to test
the appropriateness of different models to Mongolian rangeland
systems. They found that neither equilibrium nor non-equilibrium
models satisfactorily accounted for their observations, and contend
that real rangeland systems exist on a equilibrium–non-equilibrium
continuum. I contend that models allowing for gradual, relatively
predictable changes in vegetation as well as for sharp transitions
and alternative states will be more fruitful than those that
exclude either gradual changes or sharp transitions. Watson et al.
(1996) recommend that the appropriate model of change in
rangeland systems is one which balances the effects of infrequent,
unpredictable events with the impacts of small, frequent but cumula-
tive changes.

In northern Australia, and more recently in the USA (see below),
a common approach amongst rangeland professionals has been to
embrace a so-called non-equilibrium view of life, dismiss the range
succession approach completely, and embrace a model like state-
and-transition as the most appropriate means of cataloguing observa-
tions about vegetation change (e.g. Hall et al., 1994; McIvor and
Scanlan, 1994). Observations are usually presented to justify the
appointment of likely states and transitions. As mentioned above, there
is no general ecological theory involved in this process (even though
state-and-transition and non-equilibrium are used interchangeably at
times). The approach is about organizing correlative information in
such a way as to make it more useful for management purposes (R.M.
Rodriguez Iglesias, personal communication).

Interestingly, state-and-transition models generally have grazing as
a significant trigger of most transitions; disagreement with Clementsian
approaches appears to be about the possibility of alternative ‘states’, the
reversibility of changes in ‘state’, and the role of chance events and
factors such as fire. This implies a strong degree of biotic coupling in
these systems (therefore, not truly based on non-equilibrium concepts),
but the dynamics are more complex than predicted by the range succes-
sion approach. Hence, it seems that the attraction of more complex
models relates to considerations of rate of change, reversibility and
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interaction of several triggers, not any perceived need to embrace the
population dynamics implicit in non-equilibrium models.

Embracing state-and-transition is the approach recently adopted
by the Natural Resource Conservation Service (formerly the Soil
Conservation Service) of USDA in its National Range and Pasture
Handbook (USDA, 1997). This handbook guides the work of range
management extension staff on private rangelands in the USA and, in
the past, has been exclusively based on the range succession approach
as adapted by Dyksterhuis (1949).

A continuing weakness of this search for the most appropriate
model of rangeland dynamics is that most arguments are constructed
around data and observations put together to argue a particular
case. Apart from a couple of exceptions (e.g. Coppock, 1993;
Fernandez-Gimenez and Allen-Diaz, 1999, discussed above), there has
been little testing of the applicability of different models. This testing
should be rigorous, but true to the intent of the concepts being tested.
For example, substantial inter-annual variability in rainfall, resulting
in variability in the growth of vegetation, cannot itself be used to
contradict the Clementsian model (see Fernandez-Gimenez and
Allen-Diaz, 1999). Constancy of climate and not weather was an under-
lying assumption of Clements’ approach. In any case, recent data in the
dry tropics show grazing can have somewhat predictable effects on the
decline and recovery of range condition, despite large inter-annual
variation in rainfall (Ash et al., 1999).

Is grazing ever unimportant?

Are there environments in which non-equilibrium dynamics dominate
to the extent that whole landscapes are insensitive to grazing manage-
ment? The basis of the non-equilibrium approach and its undiscerning
application to environments of high rainfall variability, has been
challenged by Illius and O’Connor (1999). Illius and O’Connor define
equilibrium as strong coupling of animal and plant dynamics,
non-equilibrium as weak coupling and disequilibrium as ‘equilibrium’
in a variable environment (i.e. climatic variation disrupts the stable
equilibrium between animals and plants that would be expected to
occur under constant conditions). They argue that climatic variation
per se is insufficient to indicate non-equilibrium environments. Rather,
variable environments are at disequilibrium, and the effects of grazing
may be magnified (rather than diminished) as such environments have
greater variation in grazing pressure than more mesic environments
where stable equilibrium conditions are more likely.

Hence, this argument about the relative impact of grazing on
rangeland condition is not about whether a more complex model of
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vegetation dynamics is more appropriate for a particular environment,
but rather about whether there is coupling of animal and vegetation
dynamics. The degree of inherent coupling would seem to be most
easily assessed under natural or semi-natural situations, that is,
where there is limited management intervention in animal condition or
numbers.

Illius and O’Connor (1999) argue persuasively that it is spatial
heterogeneity, rather than climatic variation, that determines the
degree and location of coupling between animals and vegetation. This
is most clearly apparent when animal numbers are tied to availability
of resource-rich areas within their dry-season range (areas close to
reliable water). With respect to population dynamics, the animal popu-
lation is in equilibrium with these ‘key resources’. The grazing pressure
on other resources in the environment (e.g. wet-season range) will be
dependent, therefore, on the relative supply of the key resources. In
some cases, the wet-season range may be uncoupled (non-equilibrium
in population terms) to the animal population. The unsuspecting
observer may then conclude that the landscape as a whole is not likely
to be influenced by excessive grazing pressure. Ironically though, the
presence of key resources keeps the animal population at higher
levels than would occur in their absence and, if the key resources are
sufficient to sustain a large animal population, then the outlying range
will experience relatively high grazing pressures. Illius and O’Connor
(1999) therefore show how landscape heterogeneity may readily
explain the apparent loose coupling of animals and vegetation reported
from parts of Africa (Ellis and Swift, 1988).

Livestock grazing is likely to induce directional trends in rangeland
condition when:

� the grazing landscapes have relatively high amounts of key
resources (those resources on which the animal population is
dependent during the dry season), such that wet-season range is
under relatively high grazing pressures; and/or

� the inherent coupling of animal and plant resources is broken so
that animal numbers are artificially inflated above that which can
be supported by dry-season resources.

Examples of these situations can be found in the open woodlands of
north-eastern Australia. The carrying capacity of most cattle properties
in the region is limited by the low nutritive value of the pasture in the
dry season. Historically, this has meant that utilization of forage in the
wet season (when the perennial grasses are susceptible to overuse) has
been relatively low. In more recent years, this coupling of animal popu-
lation to dry-season resources has been diminished by better adapted
cattle and use of supplements, so that wet-season utilization rates
have increased with consequent negative effects on land condition

Managing Grazing 137

153
Z:\Customer\CABI\A4241 - grice\A4334 - Grice - Global Rangelands #C.vp
Wednesday, June 19, 2002 10:42:35 AM

Color profile: Disabled
Composite  150 lpi at 45 degrees



(Quirk et al., 1996). Campbell (1999) describes the evolution of grazing
management practices in various rangeland communities of arid and
semi-arid Australia, pointing out both the inherent degree of coupling
of animal and vegetation dynamics and examples of where this
coupling is reduced or enhanced by current management practices.

There are also several cattle properties in north-eastern Australia
where key dry-season resources are spatially distinct from the
wet-season range, and maintain higher than expected grazing pressures
on this range. An example of this occurs where the property, or
ranch, includes ‘pockets’ of grasslands within recent basalt flows.
These pockets stay flooded for most of the wet season and are only
grazed during the dry season (Rogers et al., 1999). Availability of
this high quality dry-season forage allows for much higher carrying
capacity than would exist in their absence, such that the wet-season
upland areas are under higher than normal grazing pressure.

Thus, the directional trends due to grazing will depend on the
availability of key resources. These grazing effects may well be intensi-
fied, and not diminished, by climatic variability. The general argument
for variable semi-arid or arid systems being largely insensitive to
grazing appears to be without foundation (see also Borrelli and Oliva,
1999; Holechek et al., 1999). Directional trends due to grazing poten-
tially occur in all rangeland systems, regardless of their conformity to
different ecological models, where management interventions inflate
livestock numbers consistently above the ‘natural’ limits of the land-
scape, as often occurs within sedentary forms of ranching and within
some communal systems. Application of ‘traditional’ rangeland man-
agement to parts of Africa has often resulted in unsatisfactory outcomes
(e.g. see Behnke and Scoones, 1993). Perhaps this has been due, at least
in part, to disruption of the inherent degree of coupling between animal
and plant resources (through inappropriate management practices) and
not from any inherent insensitivity of the ecosystems to grazing.

Are Grazing Systems Important?

Grazing is clearly an important determinant of rangeland condition, so
what is the best way to manage it? In ‘natural’ environments, herbivore
numbers tend to vary in relation to key resources, for example
dry-season range, reliable water, etc. Herbivore populations will thus
vary over time and space. Nomadic pastoralism also tends towards
variable grazing impacts in time and space. The early approach to
grazing management, within the range management profession, tried to
replicate this apparently natural system of periods of grazing inter-
mingled with periods of rest. To a large extent, this explains the
plethora of grazing systems that have been proposed, promoted and/or
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trialed over the past 80 or so years. In the USA and South Africa,
continuous grazing was perceived as the historical cause of rangeland
degradation, so some form of interrupted grazing, usually via regular
rotation, has been promoted as essential to sound grazing management
(e.g. Vallentine, 1990). These systems vary from simple deferment
of grazing during a particular season, through rotational resting of
paddocks for a month, a season or a year, through to one herd : multiple
paddock systems with various time ratios of grazing : rest depending
on the objective (accelerated range condition versus high individual
animal performance) (see Vallentine, 1990).

Until recently, then, the importance of the grazing system (the
spatial and temporal distribution of grazing pressure) was perceived to
override any other factor, even stocking rate. This perception was
maintained despite empirical evidence to show that grazing systems
per se had little effect on range condition and often produced lower
animal performance compared with continuous grazing at the same
overall stocking rate. There have been anecdotal reports of substantial
benefits from the commercial adoption of grazing systems (especially
the more intensive systems like cell grazing), but most evidence points
to these benefits arising from improved control of grazing distribution,
better matching of feed demand to feed supply and better animal
husbandry generally, rather than from the high frequency of resting,
animal impact, or other claimed benefits of the particular system
(e.g. Hart et al., 1993; Walker and Hodgkinson, 1999).

The evolution and promotion of grazing systems is not unrelated to
the traditional view of how rangeland systems operate, that is, as an
equilibrium system. The benefits of rest were perceived to be predict-
able and reliable, and many of the systems were based on prescription
of days grazed and days rested, almost on a calendar basis. Given the
rainfall variability inherent in all but the most mesic rangeland envi-
ronments, such systems now seem naïve and highly risky. These more
formulaic grazing systems have left the door open to promoters of
other, more flexible systems (e.g. time-control grazing). Such promoters
have dismissed much of the research on grazing systems because the
systems tested were too prescriptive and calendar driven, rather than
being responsive to what was actually happening in the paddocks.
However, most evaluations of the more intensive grazing systems over
the last 10–15 years have mimicked the flexibility demanded by their
promoters (e.g. varying grazing days with pasture growth), and claims
of an intrinsic superiority of any particular grazing system are still
without credible empirical support.

Is grazing management, then, really just about managing stocking
rate? All other things being equal, stocking rate is the major factor in
grazing management (see Heitschmidt and Taylor, 1991; O’Reagain
and Turner, 1992; Walker and Hodgkinson, 1999; Willms et al., 1999).
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However, in the real world, things are rarely equal. For example,
distribution of grazing is a major problem in most rangelands. Riparian
areas and other preferred land types will often be selectively
over-utilized regardless of the overall stocking rate (see Stuth, 1991). As
pointed out by Walker and Hodgkinson, many grazing problems are a
function of poor distribution of grazing and the reported benefits of
grazing systems for commercial ranches can often be linked to positive
effects on grazing distribution. Other factors which can enhance
grazing management greatly are species of livestock and the season/
timing of grazing (Walker and Hodgkinson, 1999). Management of
stocking rate through time is another key factor, given the inter-annual
variability in forage production that characterizes most rangelands
(O’Reagain and Bushell, 1999).

Given that distribution of grazing is relatively even, that the
appropriate mix of livestock species is used and that grazing is avoided
when the forage species are particularly susceptible (e.g. high altitude
temperate country at the start of the growing season), what else can we
do to improve either range condition (and hence pasture production)
and/or harvest efficiency? While formulaic resting of rangeland
via formal grazing systems generally seems an ineffective, or at least
inefficient, way of improving range condition, it appears that resting
rangelands at carefully targeted times, alternating with periods of
‘moderate’ use, can both greatly accelerate improvements in range
condition and, perhaps, allow higher overall utilization levels.
Targeted spelling (termed tactical grazing by Hacker et al., 1999; see
other examples from Friend et al., 1999; Johnson and Hodgkinson,
1999) seeks to exploit an understanding of the interactions between
intensity/timing of grazing and seasonal conditions as the basis for
planning strategic rest to maintain/improve range condition. Intensive
early stocking of mixed and tallgrass prairies in the southern USA
(Gillen and Sims, 1999) is another example of a strategic system which
demonstrably improves pasture and animal production in a sustainable
manner. Similarly, early wet-season spelling in dry tropical savannas
hastens recovery of range condition and appears to increase the
tolerable level of annual utilization from 25% to 50% (Ash, 1998). This
suggests that sustainable grazing strategies could be developed which
allow periods of relatively high utilization interspersed with periods of
rest at critical times. This could be an important basis for more sustain-
able grazing systems in many rangeland environments, especially those
in which the short-term productivity of herds is optimized at utiliza-
tion levels that may be inconsistent with long-term sustainability.

Ironically then, given the growing disillusionment with traditional
grazing systems based on regular and/or frequent rotation, there
appears much to be gained from combining the basics of sound grazing
management (see Walker and Hodgkinson, 1999) with flexible,
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ecologically based grazing strategies that accelerate improvements in
range condition and, perhaps, allow for modest increases in overall
grazing pressure.

The opportunities and constraints for managing grazing discussed
so far are largely those associated with sedentary ranching systems
using individually owned or leased land. A somewhat different array of
opportunities and constraints is associated with nomadic livestock
grazing and communal access to land, even though the principles
underlying grazing management are the same. Transhumance and
nomadic systems seek optimal use of pastoral resources over large areas
through tracking of resource availability; these systems are increasingly
hampered by either expansion of cropping areas and/or increasing
population (Hiernaux, 2000). With communally owned land, develop-
ment of effective grazing systems requires collective action to reach
agreement within the community on the management of grazing pres-
sure, on the demarcation of rangeland units and on interaction with
neighbouring communities and visiting pastoralists (Hiernaux, 2000).

Conclusions

Grazing will continue to be an important process in all rangelands,
regardless of their primary use, and managing grazing will continue to
preoccupy landholders and others interested in the sustainable and
productive use of rangelands. Managing grazing is obviously more than
understanding biophysical processes and relationships: there is a
socio-economic context which interacts strongly with the biophysical
processes to determine current practices, perceptions and prospects in
relation to managing grazing (e.g. see Borrelli and Oliva, 1999;
Campbell, 1999; de Leeuw et al., 1999; Vetter and Bond, 1999; Willms
et al., 1999). Be this as it may, significant contributions to sustainability
and productivity have resulted from regional research and extension
programmes which seek a better understanding of grazing ecology, an
appreciation of the evolution of current grazing practices, links
between grazing management and productivity, and information and
tools which assist decision-making (see Borrelli and Oliva, 1999;
Willms et al., 1999).

Future progress in managing grazing will be based on a more
general appreciation and understanding of vegetation dynamics in
relation to spatial heterogeneity (rather than the mix of confusion and
disinterest which currently exists), more effective communication
and demonstration of the benefits that arise from following the basic
principles of sound grazing management, and a more holistic approach
to grazing management research and extension which does not isolate
grazing from other parts of the enterprise or community.
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Other critical areas of research and development include:

� Relationships between spatial heterogeneity, range condition,
grazing strategies, livestock production and profitability.

� Relationships between landscape function, vegetation structure
and composition, and biodiversity.

� Development of ecologically based grazing strategies and options
that go beyond the traditional range management approaches
(as represented by ‘conservative’ stocking and ‘formal’ grazing
systems).

� Identification of the policy and infrastructure requirements that
can assist individuals and/or communities to pursue sustainable
grazing practices.
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11Rehabilitation of Mined
Surfaces

Gerald E. Schuman and Edward F. Redente

Introduction

Surface mining disturbs tens of thousands of hectares of the world’s
rangelands each year. Mining of such resources as aggregate, bauxite,
clay, coal, iron, copper, gold and numerous other minerals results in
drastic localized disturbance of these ecosystems. Rangelands of the
world play many roles, including producing forage for domestic live-
stock, as water catchments, providing forage and habitat for wildlife
and offering recreation opportunities and general aesthetic value.
Rangelands contribute significantly to national parks, wildlife reserves,
vegetation reserves and as lands for indigenous people in many parts of
the world. Therefore, rehabilitation of the land surface after mining is
an important process for both the rangeland and its people.

Over the past two to three decades, the science of mined land
rehabilitation has been advanced significantly in the Western world.
In the early 1970s mined land rehabilitation was concerned with
stabilizing the soil and landscape, mainly by establishing vegetation.
Knowledge of land rehabilitation is now well advanced. Rehabilitation
science is now concerned with establishing diverse plant communities,
especially using native species, and assessing the process. The
questions now being addressed are: (i) What are the criteria for deter-
mining land rehabilitation success and how can it easily be measured?
(ii) How can post-revegetation management (grazing, burning, mowing,
fertilization) be used to direct plant community development, hence
rehabilitation? Evaluation of rehabilitation success must also involve
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economic and social considerations. Compared with biological factors
these are much more difficult to quantify because social/aesthetics
issues are personal and will differ widely within and between societies.
Assessing the social aspects of rehabilitation success will be difficult.
In summary, many interesting challenges still await scientists involved
in ensuring that rehabilitation of mined lands meets ecological,
economic and social criteria of sustainability.

In many developing countries rehabilitation of mined land is still in
its infancy. This is the result of economic factors: resources are limited
and priorities lie elsewhere. In many Asian, Eastern European, African,
Middle East and South American countries land rehabilitation is not a
priority because with limited financial resources the basic needs of
people are deemed more important than the need to rehabilitate
disturbed or degraded lands. However, in many of these countries,
mined land rehabilitation is becoming an issue because of the environ-
mental degradation associated with mining and the increasing demand
for water and land resources. Developing countries are devising mined
land rehabilitation programmes but without the underpinning research
because of lack of finance. Technology transfer from developed coun-
tries is a critical need if developing countries are to protect their land
resources and return mined lands to sustainable production. Countries
that have developed successful land rehabilitation technologies for use
after mining must work with scientists, industries and governments to
promote its application in developing countries.

Countries that have developed knowledge about the processes for
stabilizing mined landscapes and restoring productivity to mined lands
are now addressing several outstanding issues. Knowledge is needed
about the use of native plant species, post-revegetation management
and criteria for successful rehabilitation. These issues are really
refinements in understanding rehabilitation but are needed by mining
companies to fully meet the expectations of local people and the
broader community.

Use of Native Species

Plant species native to mined areas are increasingly being used in
rehabilitation and in many mines they are required under legislation.
Exotic plant species may be used if the area is to be managed for
improved pasture or if conditions have been identified that would limit
revegetation success with native species. Revegetation with native
species generally leads to a more diverse plant community, which is
highly desired or required. In contrast, the use of exotic species in
mined land rehabilitation leads to lower diversity because of the
highly competitive nature of many of the exotic plant species that are
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commonly used. Use of native species also results in more
self-sustaining systems because the selection process for exotic
cultivars generally results in genotypes with requirements for high soil
fertility and rangeland soils are commonly low in nutrients. Plant
communities established with native species more effectively meet the
demands of multiple uses and blend more naturally with the surround-
ing landscapes. Revegetation with native species on grazing lands
generally allows for more uniform management practices of the rehab-
ilitated lands along with those of the surrounding undisturbed native
lands; whereas lands rehabilitated using exotic species require very
specific management practices that may be quite different from those
required by native rangelands. Bellairs and Davidson (1999) suggest
that the establishment of native plant species be assessed through a
hierarchy of functional processes: stability, hydrology, propagules,
seed germination, soil toxicity and deficiency, competition, and
nutrient cycling. The more stable the landform (less runoff and erosion)
the better the potential for plant establishment. Once 50% ground
cover is achieved the landscape becomes resistant to erosion (Bellairs
and Davidson, 1999).

Poor water infiltration is a key limiting factor in successful plant
establishment on mined surfaces. In areas of limited precipitation,
ripping/scarification and other micro-climate and water harvesting
methods improve the chance of successful seedling establishment. For
tree species, moonscapes (0.25 ha ponds/depressions) and water
ponding banks will concentrate water and store it deeper in the soil.
The main source of seeds of native species are the soil seed-bank,
collected seed, seed associated with mulch, windborne seed, and seed
dispersed by fauna. Research in Australia shows that the seed in native
vegetation mulch provides up to about 90% of the species establishing
on mined surfaces, the soil seed-bank about 10% and the collected and
broadcast seed only about 1%. The seed of native species is often
dormant though the mechanism of dormancy differs among species.
They may have physical and/or physiological dormancy mechanisms
and may require mechanical, temperature and/or moisture treatment to
overcome dormancy. In Australia, some native species respond very
positively to treatment with plant-derived smoke.

Low soil fertility and potentially toxic soil characteristics also
significantly impede native plant establishment and should be consid-
ered in selecting seed species mixtures. In saline–sodic soils or spoils,
salt-tolerant species will be required. High levels of fertility can result
in significant competition between weedy species and the native
perennial species during establishment. Competition from weedy
species and exotic species used for temporary ground cover can create
stresses that limit or hinder establishment of the desired native species.
Management considerations should be taken into account early in the
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rehabilitation process to ensure that plant species selected for the
rehabilitated plant community are compatible with planned manage-
ment options and unplanned activities such as fire. Does the under-
cover in shrub and tree communities represent a fire hazard that will
limit the success of establishing these species? Are the species resilient
to grazing?

Cultural practices also affect the development of the plant commu-
nity (Redente and Keammerer, 1999). Plant establishment is very
dependent upon soil moisture conditions during the first year. Method
of seeding (drill versus broadcast) appears to have little effect on
establishment, with soil factors playing a greater role in plant commu-
nity structure development than the mixture of native and exotic
species utilized.

In general, the use of native species for rehabilitation of mined
surfaces in the USA has increased over the last two decades. Legal
requirements, the belief that natives are better and more appropriate,
and a better understanding of the role of native species in
re-establishing biological diversity for enhanced wildlife and recre-
ational value are reasons behind this shift. Native plant communities
have generally been found to be more self-sustaining and require less
management inputs. To ensure greater success in re-establishing native
species on disturbed rangelands, whether degraded by mining,
over-grazing, severe drought or repeated fires, requires improved
knowledge of seed-bed ecology, seed quality and seed dormancy.
Development of a native seed production industry would also greatly
enhance the use of native species because of better seed availability,
dependability and reduced prices. However, in many instances, exotic
species lead to a better outcome and should be used. For example, if
mined surfaces are very prone to erosion and stabilizing these lands is
critical to prevent the loss of the soil resource, then exotics may be
desirable because they are more easily and quickly established than
native species. Here, mixtures of native and easily established exotic
species are more appropriate. Native species that are more easily estab-
lished and exotic species that do not strongly compete can be used.
Where surfaces are to be used for agricultural production it is often
appropriate to establish highly productive exotic species.

Management of Rehabilitated Areas

Management of grazing and fire is important for enhancing mine land
rehabilitation. As stated earlier, if grazing is the post-mine land use,
it must be demonstrated that the rehabilitated lands can support
livestock grazing before the mining company can be relieved of
rehabilitation liability. Vicklund (1999) demonstrated that mined lands
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in north-eastern Wyoming (USA) are capable of sustaining livestock
grazing. The average weight gain by heifers was 0.8 kg day−1 over a
15-year period, which was greater than that of heifers grazing adjacent
native rangeland. Plant species diversity also increased over this
15-year period relative to that of the original seed mixture sown. Areas
seeded in 1978 had seven additional C3 grass species and several shrub
and forb species by 1997. Cattle grazing can be used to modify the plant
community by rotating livestock more rapidly when desirable species
are actively growing and more slowly when less desirable species
are actively growing. Change in intensity of grazing pressure can
selectively impose more stress on some species and by doing so, alter
the composition of the regenerating plant community.

Fire will also reduce or eliminate competition from undesirable
species. Wet-season burning in northern Australia reduces fuel loads
and alters the seed-bank of undesirable species (Williams and Lane,
1999). Here, wet-season burning prior to removal of topsoil reduces
or eliminates seed reserves of the annual Sorghum spp. This species
competes strongly with more desirable native species especially during
the establishment phase. Wet-season burning also reduces fuel loads
that might otherwise result in more intense, late dry-season fires that
would be detrimental to more desired species, especially shrub and
tree species. Williams and Lane (1999) propose that rehabilitating plant
communities be burned every second season to control fuel load and
the Sorghum seed-bank. Burning enhances plant community vigour
and reduces the density of shrub species. This enhances forage pro-
duction and habitat for wildlife. Both mowing and burning in the early
stages of rehabilitation reduces competition from annual weeds that
typically occurs in the first 1–3 years after reseeding.

Evaluating Rehabilitation Success

The success of rehabilitation must be considered in the context of
regulatory, utilitarian and ecological approaches. These approaches
overlap and have some common points.

The US federal and state regulatory approach to assessing the
success of rehabilitation in the Great Plains and Intermountain West
regions has many benefits as well as problems (Giurgevich, 1999).
Specific rehabilitation standards are a part of the mining permit
process and are enforced by State and/or Federal entities. Standards are
not imposed at the end of the mining and rehabilitation process, but are
incorporated into the pre-mine, permit, review and approval process.
Inspection and evaluation of the success of the rehabilitation are
integral parts of the mining process. To ensure that rehabilitation is
satisfactorily completed, financial bonding of the mining company to
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the public entity(s) is required. The level of bonding is determined
by the public entity and is retained by them until satisfactory rehab-
ilitation has been achieved. The rehabilitation process must take into
account all land-use capabilities and disturbed lands must be restored
to a standard that is at least equivalent to that of the pre-mining
situation.

Another approach, and one that relies on subjective and
non-statistical evaluation, is sometimes referred to as the ‘utilitarian
approach’ to assessing rehabilitation. This is mainly a qualitative
assessment where resource stability and post-mine land use are key
measures of success. If the lands are to be grazed by livestock, then a
post-mine grazing programme is necessary to document capability of
the land to support grazing. For example, in the USA, a requirement
for rehabilitation of rangelands is that cover and production must be
at least 90% of the pre-mine levels. The re-established plant cover,
production and diversity must be achieved in the last 2 years of the
bonding period and the species established must have the same
seasonal dynamics as those in the pre-mine situation. However, there
have been several examples showing that a 2–3 species mixture of
cool-season grasses will provide season-long grazing for livestock
without any warm-season species present. Therefore, if the post-mine
use of the land is to be for livestock grazing only, there is no need to
establish a warm-season component in the rehabilitation.

Evaluation of species diversity is not easy and the use of standard
methods or the ‘reference area’ approach are not feasible. In fact,
numerous forums on the subject of species diversity evaluation have
been held over the past 2 years. There is also some interest in using
trends in community development as a way of assessing species
diversity.

Shrub re-establishment requirements vary but the densities of
shrubs required are generally much lower than in the pre-mine setting.
Wyoming (USA) has a specific shrub density requirement that states
that 20% of the reclaimed land area must have 1 shrub m−2 in a
mosaic pattern. Much debate on shrub re-establishment requirements
has occurred over the past decade because of the difficulty of
re-establishing native shrub species.

Other major concerns deal with restoration of the original land
contour. This has basically been redefined to mean that the landscape
has erosionally stable post-mine drainage channels whose patterns are
similar to pre-mine patterns. The resulting topography is generally a
gently rolling mixture of uplands and drainage bottomlands. Ground-
water issues are also a controversial topic. How do we assess the effect
of mining on the groundwater in a 10–20-year bonding period when
groundwater models predict that restoration may take hundreds of
years?
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A more basic ecological approach to assessing mine land rehab-
ilitation success has been proposed in Australia (Tongway and
Murphy, 1999). This approach describes the use of indicators of
ecological development and stability. Tongway and Murphy (1999)
believe that the indicators should be derived within an adaptive
framework, a learning process within a specific biophysical and
socio-economic context. Their conceptual framework for assessing
rehabilitation success recognizes landscape function in terms of:
(i) spatial connectivity between ecosystem components including feed-
back mechanisms; (ii) importance of ecosystem processes in long-term
functioning (sustainability); and (iii) the ‘economy’ of vital resources.
They propose that field measurements rely on spatial expression
(evaluation of underlying processes rather than specific biota and on
soil surface classes). The key features of this approach are to assess
resistance to erosion, infiltration and nutrient cycling status over time
using permanent transects and comparing these data to analogue or
reference sites. The analogue sites provide a context but Tongway and
Murphy (1999), like Giurgevich, are careful to state that the rehab-
ilitation site should not be expected to have the same ‘indicator’ value
as the analogue site. Indicator evaluations can be arranged into discrete
stages of ecosystem development and ‘indicator’ value ranges are
developed for the various phases of rehabilitation development.

Rehabilitation standards in South Africa consider topography,
soils, vegetation, land capability class and post-mining land use
(Rethman et al., 1999). They have established guidelines for maximum
slopes based on land use such as arable lands (10–12%) and grasslands
(12–18%); however, progressive mining companies recommend 7–8%
maximum slopes. Topography most suitable to agricultural production
is desired but creative landscaping is permitted to provide a variety
of habitats to serve to increase diversity of fauna and flora, for game
conservation and recreation. Soil is identified as a key element in
successful rehabilitation and because of the desirable characteristics of
topsoil (i.e. organic matter, seed-bank and fertility) substitute material
is only allowed if the soil is totally undesirable because of salinity
or other physical/chemical characteristics. Revegetation has been
successful with heavy seeding rates to stabilize the soil. Productivity
has been demonstrated to be equal to or greater than that of unmined
areas on lands of similar potential. Most of the revegetation is to
perennial pastures; however, fertility needs remain a concern because
pasture degradation has been observed when fertilization is reduced or
eliminated. For this reason, they have identified a need for productive,
non-bloating legume species in the perennial pastures. The fertility
issue has led to an awareness that assessment of the soil biota is impor-
tant in evaluating the sustainability of pastures. The authors also point
out that management of rehabilitated lands is critical because proper
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management is important to sustainability. They have also determined
that if trees are desired in the rehabilitated landscape then soils of
greater depth and enhanced water-holding capacity will be necessary.

These three methods of assessing rehabilitation success (regulatory,
utilitarian and ecosystem) show different levels of development. It
is important to note that in all three cases there are elements of the
utilitarian approach to assessing success. It is also clear in the regula-
tory and ecological approaches that ‘reference or analogue’ areas might
be used as a guide but one should be careful not to strive for the same
‘level or value’ for the rehabilitated site because of the age differential
between the two systems. The science of assessing rehabilitation
success is still being developed and will require much further testing
and modification. It is obvious from all three approaches that long-term
sustainability is the ultimate goal. With this in mind, much more
attention should be given to the dynamics of nutrient cycling to ensure
that these systems are sustainable. In countries where land rehab-
ilitation has only recently been considered necessary following
disturbance, landscape/resource stability has been the main goal and
criteria for assessing rehabilitation have not been developed. At a
recent land rehabilitation conference in the People’s Republic of China
several Chinese speakers made reference to the need to reclaim
disturbed and degraded lands to agronomic productivity because of the
limited agricultural land base and the large population. In such cases,
then, successful rehabilitation will be measured in terms of food
production. Rehabilitation is a very important part of the whole process
of mining, but there can only be practical realization of the need to
assess that rehabilitation where and when there is economic stability
and environmental issues have received the attention of the general
population.

Conclusions

The science and practice of mined land rehabilitation has advanced
significantly over the past three decades. The level of understanding
and acceptance of this technology varies between countries depending
on the age of the science and the political/social conditions. Economics
plays a significant role in deciding whether rehabilitation of mined
lands is a common requirement or an unaffordable luxury. In countries
where basic human needs such as food, housing and health are
day-to-day concerns, land rehabilitation and even other environmental
concerns are not given high priority. However, it is becoming ever more
apparent that the world is recognizing the importance of land rehab-
ilitation from an environmental sustainability standpoint. The demand
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for food, fibre, good quality water and breathable air is becoming more
important to all peoples as the world population expands. Mined land
rehabilitation technology is probably at a maturing stage and is being
applied in the developed countries but to only a limited degree in
developing countries. There is a good knowledge base for addressing
the issues related to the conservation of topsoil, toxicity in mine spoils,
and the stabilization of the land resource through landscape design and
vegetation establishment. However, gaps still exist in understanding
how to ensure long-term sustainability of the rehabilitated plant
communities and re-establish biodiversity. In particular, the dynamics
of below-ground processes in rehabilitated lands is poorly understood,
except in regard to arbuscular mycorrhizae. In the future, more empha-
sis should be given to understanding nutrient cycling on rehabilitation
mined surfaces and developing practices necessary to ensure these
systems are self-renewing.

Soil compaction is probably still the single most frequent cause
of rehabilitation failure because it leads to excessive runoff and
restricted plant growth. Compaction is particularly critical for mined
croplands. Therefore, greater attention must be paid to examining the
relationships between mining operations, land rehabilitation and soil
compaction.

Countries that have developed successful land rehabilitation
technologies must be aggressive in transferring that technology to less
developed countries. Developing countries do not have the financial
means to initiate rehabilitation research programmes. Technology must
be adapted and adopted from climatically and edaphically similar
regions. Rehabilitation of mined lands throughout the world will not
only restore production to these lands but also reduce or eliminate
major environmental problems that are quickly becoming global
concerns.

Public policies developed to assess and ascertain rehabilitation
success must be realistic, easy to apply and must not rely on reference
or analogue sites. Rehabilitation success criteria must consider
ecological factors and should include assessing ecological trends and
use utilitarian approaches. The ultimate goal of mined land rehabilita-
tion is to develop a desired plant community or crop production
system that is sustainable and meets the intended post-mine land use
or need.
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12Accounting for Rangeland
Resources

Paul E. Novelly and E. Lamar Smith

Introduction

Accounting for rangelands implies monitoring, and monitoring is the
means for detecting change in resource accounts (Jordaan et al., 1999).
While there has been considerable debate about specific monitoring
techniques and the theoretical basis for interpreting the data, there has
been less focus on assessment of change in rangeland resources across
various spatial scales. In particular, it is necessary to examine whether
data acquired at one scale can or should be aggregated for use at a
higher scale.

There are three important scales relevant to rangeland resource
accounting: the ‘paddock/property’ scale (the enterprise level), the
‘landscape’ scale (focusing on ecological function), and the
‘regional/national’ scale. Each of these scales warrants individual
consideration. However, issues and data needs also cross scales.
The connectivity between scales is an important but neglected consid-
eration.

This chapter presents the current interpretations of ‘scale’ for
rangeland accounting and the implications for monitoring associated
with the chosen scale.
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Definition of the Scales

The definition of scale is complicated. The three scales cannot be
adequately defined in terms of map scale, i.e. large, intermediate and
small, nor are they always distinct.

The ‘paddock/property’ scale is the ranch (commercial), park
(conservation) or other local-level unit managed for a specific objective.
The unit size and management objectives can vary. At this scale the
main purpose is to monitor management impact with respect to
the desired outputs and, through adaptive learning, to determine if
management should change. At this scale tactical decision-making is
the major part of management and can have a direct influence on the
profitability of an enterprise.

At the ‘regional’ scale, assessment characterizes the average
and range of conditions over a larger (often administrative) area which
encompasses many management units with different ownership
and varying management objectives. At this scale, information is
used to guide the framing of resource policy and operational budgets
for a nation or subdivision thereof. Data may be used by whole
industries or regional administration to address the environmental and
economic implications of change in resource use (Shaver et al., 1999).
Decisions taken have a wide impact across many enterprises, and
so may affect some enterprises or groups within the region more than
others.

The intermediate ‘landscape’ scale (West, 1999) differs in concept
from the others, being based on ecological function. Here it is not so
much a question of ‘size’, but of dealing with specific patterns and
ecological processes (Ludwig et al., 1997) rather than average values of
condition or trend. Interest may extend across property boundaries, but
not usually to the regional level. Issues such as biodiversity, habitat
fragmentation, species conservation, and catchment or watershed
condition may require information across a mixture of land types and
ownerships.

Data Needs and Concerns

There are two types of data needs. The first covers ‘sustainability’, the
basic long-term capacity of the resource to produce goods and services.
Loss of ‘productive’ capacity stems from a decline in soil quality
through erosion, altered infiltration characteristics and nutrient loss
(Tugel, 1999). Therefore, assessment generally involves consideration
of rangeland ‘health’ or condition. Since productive capacity is
site-dependent (soil, landform, climate), stratification by land type is
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required. Loss of ecological services involves many factors but a major
one is extinction of species or populations.

The second type of data covers management effectiveness. At the
property scale, it is important to know whether management decisions
are achieving the desired outputs. Again, one of the desired goals
is, or should be, protection of productive capacity. However, the
main goals of managers are generally increased forage for livestock,
improved habitat for wildlife, water quality and so on. Biological
diversity is less likely to be the concern of the individual property
owner because it has no obvious direct relationship to management
objectives, and usually cannot be evaluated without considering a
broader geographic area. Unfortunately, such data are ‘often collected
by individuals and thus can suffer the vagaries of inconsistency,
infrequency, peculiar techniques and poor data management’ (Jordaan
et al., 1999).

Sustainability and management are also paramount for
regional/national assessment. Here, the focus is on providing informa-
tion for setting government policy and budgets, and informing the
community about change in the productive capacity of natural
resources. Whether government owns the land, regulates its use, or
provides incentives for private landowners to implement conservation
practices, it needs information to determine the effectiveness of its
programmes and overall management. The balance between conserva-
tion goals and production goals at a national scale will depend on the
amount of central planning carried out in the country. In any case,
national level interest is mainly on the general status and variability of
condition or trend over large classes of land types or ownership catego-
ries, although the ‘range in condition’ is also sometimes important.
Collecting information on individual properties is assumed to be done
by other jurisdictions for different purposes.

Although difficult, general assessment of sustainability must be
separated from the assessment of rangeland for a specific resource use
or uses, or for the production of specific outputs. However, these two
issues are often confused. For example, assessment of ‘rangeland
health’ or ‘proper functioning condition’ of rivers and streams may also
assess suitability of the area for wildlife habitat or focus on the
presence of ‘exotic’ plant species. While these factors are important in
overall ecosystem sustainability, their relationship with range condi-
tion is poorly understood. Instead they reflect the broader management
objectives or values held by certain groups. Failure to separate
sustainability and conservation goals (which are legitimate because
they are presumably in the public interest) from the management goals
held by different interest groups (e.g. graziers, hunters, conservation
biologists, etc.) can distort information and lead to poor policy
decisions.
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Public vs. Private Viewpoint

The capability and willingness of either landowners or lessees of
public land are uncertain. They have two main motives for monitoring:
(i) to guide management; and/or (ii) to prove to government agencies,
environmental interests and/or other regulators that their management
is sustainable and compatible with public goals.

There is sometimes an attitude that monitoring, even if done by
managers, is more about assessing resource management than about
enterprise management. Moreover, in some societies, land managers
often attribute natural resource degradation to fate (Meyer, 1998). Such
views will change, with managers linking management decisions to
change in resource condition. While consensus exists that range
condition, productivity and livestock weight gains are related, they
are rarely linked by monitoring systems and often excluded from
business procedures. Although short-term gain can sometimes be
maximized by non-sustainable management, good range management
is synonymous with good business management and economic survival
in the medium and long term. Land monitoring should now become an
essential part of the business decision-making process to optimize
long-term financial and land sustainability. Indications provided by
monitoring may be adverse to short-term financial return, but positive
for longer-term success.

Property-level monitoring will document livestock utilization
levels, plant composition, ground cover or other attributes related to
range condition. However, it is not always apparent to the manager that
such measurements translate into livestock carrying capacity, off-take
rates, death loss, etc. Consequently, such information is considered
‘nice to know’ but not particularly relevant to the economic operation.
Range scientists must establish the link between resource condition
and livestock or wildlife outputs, and make these known to the
land manager. Moreover, the imperative to monitor must be based
on the land manager’s values, not someone else’s. Once managers are
convinced that monitoring data are really useful, and they have been
introduced to monitoring in their own ‘language’ they are generally
willing and able to do their own monitoring.

Experience with public land managers suggests many are willing,
even anxious, to do monitoring themselves, or hire someone to do it
for them, when they feel threatened by regulatory agencies or environ-
mental organizations. The utility of such information for the livestock
business is immaterial. Rather, it is seen as insurance against the
prospect of losing or compromising the viability of their grazing
business. Thus, there is an economic incentive to conduct monitoring
related to the requirements or issues likely to be at stake. However,
interest wanes when the issues change in what are perceived to be
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arbitrary ways. For example, a public land manager may invest
considerable time or money monitoring plant composition or ground
cover (variables important to the regulatory agency), only to be attacked
on the alleged effects of management on water quality or a newly listed
endangered species.

The question is repeatedly raised as to whether land managers
should be expected to conduct their own monitoring to provide infor-
mation desired by the ‘public’, when such data are not seen as useful by
the land manager. Managers may need to be compensated for providing
this information. Some land managers are also concerned that this
information may be used to compromise private property rights or lease
tenure. This is a complex issue and solutions will depend on the legal
basis of land ownership and lease tenure in particular countries, and
the purpose for which the information is used.

Regional assessments are used to set policy and/or government
programmes, and do not generally relate to individual property
management. Such assessments are generally done by government
agencies and should respect the rights to privacy and property of
landowners. If government agencies want managers on either private or
public land to provide such information to them, compensation for
added effort may be appropriate.

If the information gathered relates only to the effectiveness of
management in meeting conservation (duty of care) and production
goals, the situation is different. It is the responsibility of both the
private landowner and lessees of public land to obtain such informa-
tion, although in many countries technical assistance from the govern-
ment is offered in this process. No compensation for collecting such
data should be expected since it is for the exclusive use and benefit of
the enterprise.

Where land is leased from the government, lessees must care for the
public land. Two things are needed:

� The lessee’s acceptance that he/she manages public land and is
responsible for its status.

� Agency and public acceptance that monitoring demands placed on
lessees must be consistent, and cannot be open-ended.

Therefore, while some public land lessees may not consider monitoring
to be of benefit to their grazing business, the requirement to
demonstrate how well public land is being managed is not something
for which full compensation to the lessee is appropriate.

Where grazing businesses are composed of a mixture of private
property and government land leases, the situation is more complex.
There may be conflict between the public’s right to know how public
land is managed and the individual’s rights to privacy on private
property (although a duty of care still exists on the latter).
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Aggregation and Disaggregation of Data

Property-level monitoring, generally aimed at obtaining tactical advice,
has been practised and promoted for many years, and is usually
conducted at representative locations (key areas). Such locations
purport to represent characteristic land types, and are expected to
demonstrate effects typical of the management applied. Attributes
selected for measurement, the season or frequency of measurement,
and the way measurements are interpreted depend on the vegetation
community being measured, management objectives and time avail-
able. Therefore, the type of monitoring conducted varies among
properties and management objectives. For example, the managers of
grazing businesses and national parks would not necessarily collect the
same kinds of data, even when the same land types are involved.
However, the attributes of landscape function will be common to both
needs.

Interest in regional/national assessments has increased in line with
growing ‘environmental’ concern by the public and the demand to
monitor natural resource ‘health’ nationwide, or even worldwide. Two
approaches have been used. The first is to ‘scale up’ property-level data
to reflect conditions over a much larger area. For example, in the
USA, the Bureau of Land Management and the US Forest Service
(government agencies managing federal grazing lands) have reported
on the general ‘condition and trend’ of federal rangelands by aggregat-
ing information collected on individual grazing allotments. Agencies
have used these to document progress, or lack of progress, towards
improved range management. These reports have been used to justify
the agencies’ needs for more resources and to justify demands for more
restrictive regulation of grazing. In reality, however, such reports have
generally not provided valid or useful information. In part, this results
from differences in methodology among or within agencies and over
time, making valid comparisons in time or ownership impossible.
Another problem is that monitoring data are not representative of
all federal grazing lands because monitoring efforts have been
concentrated on the areas where problems are known or suspected to
exist. Consequently, unused or lightly grazed areas and well-managed
allotments are often under-represented.

The second approach is to monitor large areas separately from the
property level using different techniques (e.g. remote sensing). In the
USA, the Natural Resources Conservation Service (NRCS) – a national
agency providing technical assistance to private landowners – has
conducted the National Resource Inventory (NRI) on private lands for
several years. This is a statistically designed nationwide sample to
document conditions and required land treatments as a guide to NRCS
policy and programmes. Recently, partly at the recommendation of the
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Society for Range Management and the National Research Council,
there was an effort to expand this type of survey to federal rangelands
(Shaver et al., 1999). This statistical sampling approach does not
provide data relevant to management of individual properties; that is,
it cannot be disaggregated to the property level, but does provide a
valid indication of conditions at a regional/national level, or by major
ecological zones or categories of land ownership.

Since data collection protocols are, or should be, specific to the
goals for which they are collected, aggregation of property-level data to
higher levels, and vice versa, is either not feasible or will not provide
consistent, interpretable results, unless specifically planned for in
terms of the number of samples obtained. Scales of interest are distinct
and should be recognized as such. Efforts to create ‘report cards’ at the
regional, national, or international level should be based on statisti-
cally sound approaches designed for each specific purpose. Agencies
responsible for such reports must accept restrictions posed by the data
type and not attempt inappropriate interpretation, while advice gener-
ated from such data must be qualified by its limitations. Inappropriate
use of monitoring data is rife, often presenting either over-optimistic or
over-pessimistic views. Monitoring data should primarily be used at
the scale at which it was determined, and extreme caution should be
exercised when applying it to other scales.

Confusion at the ‘Landscape’ Level

Rangeland assessment at the landscape level is relatively new. Interest
in developing concepts and techniques at this level has arisen largely
because of a better understanding of the scale at which rangelands
function and, at that level, concerns over biological diversity, habitat
conservation for threatened or endangered species, and efforts to
implement ‘ecosystem management’. This allows consideration of
entire catchments or other ecological zones crossing property and
jurisdictional boundaries. The field of ‘landscape ecology’ has devel-
oped in response to these issues, and remote sensing and computer
technology (e.g. GIS) make it possible.

However, landscape-level attention is not new. For example,
land system surveys in Australia since the 1940s have mapped and
characterized landscape units based on recurring patterns of land
types (for example Stewart et al., 1970). These units are still useful for
landscape-level issues (Smith and Novelly, 1997). Classification of
wildlife habitat has also considered the pattern of occurrence of vegeta-
tion providing for various requirements of wildlife species, for example
cover, food, water, etc. However, in both examples, ‘landscape’-level
assessment was based on consideration of the pattern of discrete land
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or vegetation types. Some of the newer technologies (West, 1999)
involve ‘synoptic’ measures only obtainable with remote sensing
technology, and which are a function of the scale and resolution of
the technology applied.

Both property-level and regional/national-level assessments are
usually based on point sampling, i.e. data collected on relatively small,
site-specific locations, extrapolated to larger areas based on statistical
inference or professional judgement. Both are based on similar data
and differ mainly in sampling approach and intensity. The landscape
level can be considered not merely an intermediate scale between
property level and regional, but a conceptually different kind of
information unavailable from point sampling, with emphasis on
patterns and/or synoptic measures. Landscape type data may be used
for regional/national reporting and policy formulations, or as a basis
for implementing and monitoring management on large properties or
administrative units (e.g. national forests), catchments, or planning
areas.

Because of the limited research done on landscape-scale
assessment, much remains to be learned. In particular, information
linking the synoptic measurements possible with remote sensing
technology to actual ecological processes and resource outputs is vital.
In other words, while many ‘measurements’ are possible, there is often
insufficient information to select the most useful measurement due to a
lack of knowledge of what the measurements mean. Without such
information, personal bias and values tend to come into play and for
decisions to be based on processes different from the accepted norms of
scientific method and/or ethics (West, 1999).

Need to Keep Values and Data Separate

Scientists endeavour to make unbiased observations and measure-
ments. However, there is concern among range scientists about the
use of ‘junk science’ to justify rangeland policy and management
direction. Moreover, there is concern about the merging of values and
science, which some see as desirable and inevitable, and others view as
compromising the usefulness of science (West, 1999).

Value-oriented science may be ‘junk science’ if the ‘scientist’
deliberately falsifies data or misrepresents findings to support a
particular belief. However, it is inevitable that personal values will
influence the conduct of research, even when the scientist attempts
to be ethical and objective. There is no intrinsic ‘bad’ or ‘good’ in
ecological systems, and personal judgements inevitably occur. Personal
values affect the questions asked and the data considered relevant
to answering them. This extends to rangeland monitoring as well as
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research, particularly given that ‘range condition’ is a subjective
concept, defined by assembling biophysical variables and making a
value-laden interpretation of their meaning. But who makes the
choices? ‘Traditional’ range managers focus on monitoring attributes
they consider relevant and interpreting the results against their own
paradigms, while others (e.g. conservation biologists) may focus on
entirely different attributes and/or interpret data in different ways.
This is probably unavoidable. In 1999, Heitschmidt and Klement,
(Heitschmidt, personal communication) examined three review papers
on grazing effects. Each reviewer cited over 120 references, but only six
were cited by all three. Heitschmidt concluded that each author had
fairly reported the conclusions given in the papers reviewed, but
obviously had used considerably different views of what was relevant
or useful in selecting those papers.

While it is perhaps too much to expect all scientists or range
managers to be totally objective in selecting what, when, how, where,
and how often to measure, the attributes measured must be adequately
defined so that others may form their own opinion of the relevance of
the attribute to the question being asked. Measurements should avoid
incorporation of value judgements so that data can be re-interpreted by
other observers with different values, or as values or the knowledge
base change over time (Ludwig et al., 1997). Subjective observations
incorporating value judgements do not represent ‘data’ for monitoring.
For example, rating ground cover as ‘adequate’ or ‘inadequate’ for
soil protection relies entirely on the opinion of the observer and the
standard of adequacy chosen. Estimating percentage ground cover
gives data that can be re-measured or re-interpreted by different
observers provided that ‘ground cover’ is adequately defined. Likewise,
in assessing condition ratings by observing and weighting multiple
variables, the views of the observer are incorporated in determining the
result, in that he/she determines the relative importance of each
variable. If values and biases of individuals and agencies cannot be
prevented from entering into the ‘science’ used to support their
objectives, the data used must be defined and measured objectively, so
that those who disagree can repeat the studies elsewhere or re-interpret
the data at a later time.

The Time Factor

We have focused on differences in spatial scales. However, different
temporal scales also exist for various purposes and interpretations.
Some measurements are highly subject to season of the year, for
example, or vary greatly between years (e.g. biomass, litter cover).
The rate of ecological processes involved also affects the frequency
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with which monitoring should be conducted and the amount of change
to be expected. For example, monitoring of annual plants or insect
populations may have a very different requirement with respect to
season or frequency of measurement than monitoring changes in large
herbivore or tree populations.

The temporal scale should be added to the three spatial scales.
This is important for seasonal changes, and the impacts of droughts,
fires and other episodic events. Complex systems change more slowly
than simple ones, and ‘accounting’ timescales must reflect this. Some
plant and soil attributes change quickly, others slowly. Decisions
relevant to each scale (e.g. tactical decisions, long-term planning)
should be based on monitoring data that are appropriate to that scale.
For example, long-term increase in woody species is of no use for
setting this year’s stocking rates in relation to last year’s and so on.

Conclusions

‘Accounting for rangelands’ implies a subjective interpretation,
although one hopefully based on sound professional judgement
or understanding. Although there is a long history of efforts to
assess and monitor rangeland, approaches are still evolving from both
conceptual and practical standpoints. Most early effort was applied
to paddock-level assessment to guide management. This need
still exists and has grown so that now many land management or
extension agencies no longer have the capacity to meet it. It is clear that
landowners or lessees must take responsibility for much of this type
of accounting, but relevance to their economic interests must be
demonstrated.

Increased environmental awareness and concern by the public has
led to increased demand for national/regional accounting relative to
sustainability and biodiversity. Attempts to answer this need by simply
aggregating data collected for property-level management purposes
have not worked. Distinct, statistically based approaches are being
developed for this purpose, but more effort is needed.

Finally, the necessity to look at certain processes on a landscape,
rather than site-specific, scale is increasingly appreciated. Develop-
ment of GIS and remote sensing technology has made it possible to
address processes at different scales. Much work remains to be done to
develop this area conceptually and to integrate this information with
traditional assessment procedures and management needs.

Protocols must be developed to define how data can be consistently
used across the various spatial scales. However, incorporation of more
than just biophysical data into the decision-making process has been as
disappointing as the use of biophysical data at inappropriate scales.
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Any programme developed to provide ‘accounting’ information for
rangelands must, where appropriate, include as broad a range of
information as possible. The data for such programmes must also
be seen as part of the decision-making process. Most importantly,
however, programmes must be defined to answer specific questions,
and must not be considered appropriate to answer a generic ‘grab-bag’
of questions that evolve over time.
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13Building on History, Sending
Agents into the Future –
Rangeland Modelling,
Retrospect and Prospect

Timothy J.P. Lynam, Mark Stafford Smith and
William J. Parton

People, Theory and the Evolution of Modelling in Rangeland
Science

Rangeland science was complex enough when scientists had only to
contend with animals and their feed resources. Now that science has
put people centre-stage, rangeland scientists have to contend with a
world that has become much more complex, much less certain, and
spans a far greater range of issues, problems and interests. The global-
ization of markets and trade opportunities, as well as of policy and
environmental issues (such as climate change), has meant that
local-scale models or observations are no longer adequate to address
natural resource management issues.

For the modeller, including people greatly increases the difficulty
of representing the system adequately. There are two aspects of this
problem. First, in developing management support tools for managers
or policy-makers, the modeller has to understand what information the
decision-makers use or require, as well as understanding how they
reach their decisions. Second, in analysing how large-scale systems
behave, people become a part of the model. This means that the
modeller must understand and model not only the ecology, but also the
social and economic components of the system.

At the same time, rangeland scientists have lost the reassuring and
predictable trajectories of equilibrium theory; they are faced instead
with systems characterized by uncertainty and surprise, non-linearities
and multiple trajectories with multiple stable states. Equilibrium
CAB International 2002. Global Rangelands: Progress and Prospects
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theory, with its purported universal simplicity, has made possible the
rapid advances in rangeland understanding in the 1960s and 1970s, but
proved inadequate and has lost much of its influence as more realistic
views of non-equilibrial systems have become the new dogma. More
recently, even the comfort of multiple stable states is being replaced by
views of complex adaptive systems – systems that evolve, in which
even the concept of equilibria has little meaning (Allen, 1992; Janssen,
1998).

Disciplines such as rangeland science go through phases in their
evolution. Working within the Cartesian reductionist paradigm of
breaking complex problems into simpler constituent parts to aid
investigation and understanding, disciplines begin with a powerful
analytical phase. Some of the most remarkable achievements of
contemporary science have emerged from this phase. But this phase
exacerbates the distancing of research from real world issues, leading to
demands for synthesis – the need to put the reductionist understanding
back together into some sense of coherence that is better equipped to
deal with real world problems and issues.

In this chapter, we examine how rangeland modelling has emerged
from its roots in reductionist excellence to stand on the threshold of a
new ‘agent-based’ modelling phase. The threshold offers daunting
challenges and exciting opportunities. We start this process by examin-
ing rangeland modelling in its analytical phase, past and present.
Thereafter, we explore where we believe rangeland modelling is
headed as it grapples with synthesis. We conclude with some of the
challenges and opportunities that face the discipline in this synthetic
phase.

Rangeland Modelling in the Analysis Phase – Unpacking the
Boxes of Rangeland Systems

Our objective is not to review rangeland systems modelling in detail
(e.g. see Hanson et al., 1985, or Ågren et al., 1991), rather to provide a
general sense of the trends in rangeland modelling and to relate these to
the analytical phase of rangeland science. There are many branches of
rangeland modelling that we will not cover, such as the often-used
statistical model of Coe et al. (1976), used to predict animal biomass
based on rainfall. We focus instead on the use of process modelling to
improve understanding of rangeland structure and functioning, and
provide information for decision-makers who manage rangelands at
both land management and policy levels.

Two threads of modelling may be defined in relation to rangeland
systems. The ‘ecosystem thread’ concerns modelling efforts directed
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towards understanding the ecological processes of rangelands. The
‘managerial thread’ has, as its central concern, the provision of
management or policy-related information or solutions. The ecological
thread was the main initial focus of rangeland modellers. The classic
example was the grasslands systems model ELM developed by Innis
and others in the mid-1970s (Innis, 1978). In this model, Innis and
colleagues explored the complex interaction of range plant production
and species composition with nutrient cycling, soil and temperature
dynamics, and animal production and consumption. The resulting
model was useful as a research tool but too difficult to use as a practical
management tool.

In a similar vein the animal science systems group at Texas A&M
University (TAMU) developed systems models of cattle herds in given
forage and management situations (Sanders and Cartwright, 1979).
These models did not deal with the individual components of
ecosystems as much as the ELM model, but the TAMU model still
contained considerable detail about the ecological components of the
cattle–forage system. Whilst both models were explicitly expected to
deal with management issues, however, neither of them had people,
human decision-making or finances built into their structure. The same
could be said of the equivalent Australian models that were developing
around the same time (GRASP – McKeon et al., 1990; GRAZPLAN – Moore
et al., 1991), and the herd dynamic model of Konandreas and Anderson
(1982) in Africa.

The trend of increasingly detailed investigations of the substance of
ecosystems continued. CENTURY (Parton et al., 1987) expressed the
then current understanding of plant production, nutrient cycling
and soil carbon dynamics in a sophisticated simulation model, which
has continued to evolve to this day. FORAGE (Baker et al., 1992) was a
model of beef cattle feed intake which was designed to couple the
forage production capabilities of a sophisticated pasture production
model (SPUR; Hanson et al., 1988) with a derivative of the TAMU cattle
model.

These modelling efforts demonstrated the increasingly detailed
understanding and modelling that were at the forefront of rangeland
science. Although they were complex, they included simplifications
derived from even more complex models of some components of the
rangeland ecosystem, like ELM, and from other new research results.
However, this substantial model simplification was offset by complex
representations of additional processes, so that they remain difficult to
use as management tools.

There were other initiatives and directions in rangeland modelling.
A notable sub-thread of the ecosystems approach to modelling was the
spatially explicit SAVANNA model developed by Coughenour (1992).
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Based on his extensive experience in East African ecosystems,
Coughenour recognized the need to deal with spatial variability in
rainfall and landscape characteristics, and hence plant growth and
production, in order to predict the productivity of rangeland systems in
East African savannas realistically. In order to move from a point
model to a spatially explicit representation, Coughenour had to
simplify (cf. Hall et al., 1999). He reduced the detail in the animal
component of the model – dealing with herds rather than individual
animals. He also reduced the consideration of nutrient cycling and
soil organic matter dynamics, and focused on the effect of soil
water dynamics on rangeland and tree production. SAVANNA is
now being used elsewhere (e.g. Ludwig et al., 1999). Noble (1975)
created a spatially explicit model of a sheep paddock of similar
complexity.

The effort required to create large and complex models of whole
systems means that few have been made. Whilst they have proven
invaluable as an aid to improving our understanding of the system, the
incredible complexity of interactions which can emerge means that
they are very hard to validate properly (Parton, 1999) and inefficient
to use for other purposes. More recent rangeland modelling efforts (e.g.
Eldridge and Freudenberger, 1999) have concentrated on addressing
narrow and relatively specific problems.

It is also abundantly clear that it is the simple, readily understood
and (in their narrow domain) well-validated models which have the
greatest use and support in actual decision-making by managers and
policy-makers alike. These constitute models in the ‘managerial thread’
of model development, which has been proceeding nearly as long as
the ‘ecosystem thread’, with some overlap between the two. A major
review workshop in 1991 (Stuth and Lyons, 1993) examined a wide
range of models in the managerial thread, as well as the interface
between the two. It began to highlight the importance of linking ‘soft’
and ‘hard’ decision support systems into a single delivery package.
The importance of recognizing the target audience was also discussed
at length – it is a rare and serendipitous occasion when models
constructed for research readily translate into decision support tools
(Stuth and Stafford Smith, 1993). Models built to enhance scientific
understanding tend to be complex and require specialist support,
whilst models aimed at assisting decision-makers must be transparent
and easily used. Some topics and some decision-makers can
encompass both, more often in the policy realm than on-farm, but this
is the exception rather than the rule. Limited uptake of models in
day-to-day rangeland management is largely a result of the failure to
recognize this (Campbell, 1999). However, these types of models are
likely to take centre-stage as rangeland modelling enters a new
synthetic phase.
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Rangeland Modelling in the Synthesis Phase –
Standing on the Threshold

Looking into our crystal ball of rangeland modelling in the coming
decades we see four major evolutionary lines.

1. The ‘mega-systems number crunchers’ are an evolving contin-
uation of the current schools of systems modellers. Perhaps best
characterized by SAVANNA (Ludwig et al., 1999), SPUR 2000 (Pierson
et al., 1999), GRASP (Timmers et al., 1999), GRAZPLAN (Freer et al., 1997)
and HILLPLAN (Milne et al., 1999), this evolutionary line will become
characterized by spatially explicit models, often linked to or integrated
with a GIS, and will incorporate the major elements of rangeland
systems. They will increase in complexity as they incorporate more of
the human dimension and are made more user-friendly. Problems of
parameterization and steep learning curves will severely limit their use
outside of case-study work for policy circles. They will generally be
used by competent teams of technicians who can provide all of the
support necessary to parameterize and run these models, and then
interpret the results. They will continue to be important in helping to
improve our understanding of the system, but we do not see this line as
being a dominant species in the modelling landscape of the next few
decades, even if they can be modularized (Parton, 1999).
2. The ‘local knowledge representations’ are those models perhaps
best characterized by Starfield and Bleloch’s (1991) simple
management-oriented models, together with the emerging class of
statistical models called Bayesian Belief Networks (BBNs, e.g. Jensen,
1996). These models are characterized by their focus on simple and
specific problems or issues, and by their incorporation of managerial or
indigenous knowledge in model development and testing. Most often
these models are knowledge representations for use by managers
to guide their activities (e.g. Collis and Corbett, 1999) or to guide
scientists in the design and implementation of research programmes or
experiments. We see this evolutionary line as being a key species on the
modelling landscape; cross-breeding between the two main sub-species
(BBNs and simple simulation models) may create a serious contender
for a dominant species!
3. ‘Complex adaptive agents’ models are the most glamorous species
on the landscape but they may easily become dinosaurs like the bigger
systems models if their inherent maladaptations are not overcome.
‘Agents’ are computerized entities emerging naturally from object-
oriented programming techniques, which can interact with one another
and exhibit evolving behaviour in the arena of their electronic model-
ling runs. This evolutionary line is characterized by models such as
Bousquet et al. (1999) and Janssen et al. (2000), as well as the classic
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work of Holland (1995). Learning, adaptation and behaviour emerging
from the interactions of multiple agents yield rich insights into the
behaviour of complex systems. So far this class of models has been
most often used to inform and explore theory with some limited policy
relevance. A major challenge in the use of these models is to make
them management relevant. They are unlikely to be used for specific
range management problems, but they could have great relevance in
policy analysis. These models could also capture the great opportunity
provided by the Internet for agent-based modelling (Klusch, 1999;
http://www.agent.org) in the broader sense, as discussed further below.

Another sub-species in this class includes those models based on
cellular automata. The simple rule structures of these models
have been shown to be capable of simulating most types of complex
system behaviour (Wolfram, 1986) – from stable limit cycles to chaos.
Although not frequently seen as modelling tools in rangeland science
to date, these models are simple to build and have the potential to make
important contributions to rangeland modelling. Starfield et al. (1993)
have taken steps in this direction with their frame-based modelling
approach. The hybrid between state-and-transition models and cellular
automata represented by the frame-based approach could be a powerful
tool in the complex adaptive agent modelling fold, which could also
cross-breed with the local knowledge representation class of models.
4. The ‘simple heuristics’ class of models is likely to be, as it has often
been in the past, the dominant species on the landscape. Simple, fast,
easy to parameterize and use, these models have proven themselves
over the decades to be the model of choice for most decision-makers
(and, although they might not admit it, scientists as well!). Typified by
examples such as Peter Johnston’s ‘Safe Carrying Capacity’ model
(Johnston and Garrad, 1999) and Jarman’s ‘Feeding Styles’ model
(Jarman, 1974), these general rules of thumb have had enormous
impacts on scientists, managers and policy-makers. It is worth
noting that these models most reliably emerge as tested simplifications
from the extensive use of more complex models (e.g. GRASP in the
case of the Safe Carrying Capacity model; SPUR for STEERISK – Hart,
1991) as well as from extensive field research and analysis in the case
of Jarman’s model. These simple models aim to capture the critical
elements of a complex understanding in rules that are very simple to
apply (Campbell (1999) provides some handy guidelines for creating
such models).

In reality, of course, these classes of models overlap and interplay. For
example, software agents could play roles beyond those of modelling
directly in the next few decades, as discussed later. Further speciation
and cross-breeding will undoubtedly render these forecasts naïve.
However, we have alluded to several challenges that the next
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generation of rangeland models and modellers face, and it is clear
that some of these will be important, whatever detailed direction
the models take. Recent discussion highlights the issues of scale, uncer-
tainty and, in particular, the uncertainty associated with using different
knowledge sources as having the potential to be among the most
serious challenges. In the next section we explore these challenges in
more detail, and look at the exciting opportunities that new technology
and theories present.

Challenges and Opportunities

The responses that emerge to a number of challenges and opportunities
will be key determinants of the direction that modelling of rangelands
takes.

Scale1 seems to be the scientific equivalent of the Holy Grail – an
oft-changing target that is never fully grasped! Despite many excellent
attempts to address the issue of scale in the ecological literature (e.g.
Meentemeyer, 1989; Wiens, 1989), it is hard to deal with in models,
particularly where multiple scales are concerned. Yet the ever more
recognized complexity of resource management problems increasingly
requires models to handle multiple scales.

Models (and indeed most ecological insights) are generally
developed at a particular scale, although this scale is seldom explicitly
stated. Thus, even when models are ‘multi-scaled’, they are most
often defined at discrete scales. We have a poor knowledge of how to
extrapolate between scales, and many management failures arise from
solutions at one scale failing to take account of effects at another scale.
Figure 13.1 illustrates this problem with hypothetical sets of parameter
values that change as the scale at which observations are made changes.
Each function represents the parameterized value of a different type of
variable. As the scale of interest changes, some model parameters
change in absolute value whilst others do not, leading to changes in the
relative significance of different variables. Some variables may even
cease to be relevant at all at some scales. As a consequence, model
representations defined at two different scales (vertical lines) will
need to represent different variables as well as having different
parameterizations of the same variable at the different scales.

Holling (1992) suggests that ecological structures or processes are
often clumped or ‘lumpy’ across scales; the emerging evidence support-
ing this confirms that any implicit assumption of linear changes in
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parameter values with changing scale is wishful thinking at best. Thus,
there are at least two key problems associated with scale in modelling
(Allen, 1992): (i) knowing how to interpolate between measured scales
when dealing with multi-scale models; and (ii) knowing what variables
enter and exit from the model as the scale changes.

Uncertainty is another problem that will require continued
attention from modellers of the near future. By no means a new
problem in any field of scientific inquiry, uncertainty has a special
place in modelling. As George Box (1979) observed: ‘All models are
wrong but some are useful.’ There are many aspects of uncertainty – in
model formulation, model inputs, model outputs. Here we focus
on two issues – the propagation of errors through a model and how
uncertainty is represented in models.
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illustrating how these may change with changing scale (grain); models developed
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be represented, as well as different parameterizations of those variables.
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Error propagation has long been a concern in modelling. Many of
the current generation of large-scale simulation models are essentially
deterministic – given a set of input parameters they generate a given
output or solution. This deterministic input–output relationship hides
the great deal of uncertainty that is hidden in the structure of the model
as well as in the values of parameters and input data values (see for
example, O’Neill, 1971). In an investigation of sources of uncertainty in
ecological models, O’Neill and Gardener (1978) established that mean
parameter values (i.e. those most often used as the parameter value in
deterministic models) did not necessarily yield the best prediction
results. The quality of predictions depended more on the distributions
of the parameter values. Thus, implicit in the construction of most
models are many assumptions about uncertainty, and about which
sources of uncertainty (model structure, model parameter, natural
system variability) are most important. These decisions are seldom
transparent to the model user, so that the model builder’s error assump-
tions are propagated into the users’ beliefs and potentially into actions.
This becomes particularly alarming when the model is taken out of the
original formulation context, as often occurs when a model originally
conceived for the purposes of enhancing understanding is taken into a
decision support context.

As models are constructed to include increasingly diverse
knowledge sources – consilience as E.O. Wilson (1998) has termed it –
then the problem of error propagation becomes even greater. Models
that incorporate local villagers’ beliefs as to likely outcomes, with
scientific measures of input levels and model components derived
from the literature, encompass very different elements of uncertainty.
When these models are developed as complex adaptive models, the
problems are compounded and make traditional validation procedures
(Naylor and Finger, 1967; Mankin et al., 1975) of questionable useful-
ness. Users come to rely ever increasingly on the perceived competence
of the model builder in the issue domain of concern, and on the degree
to which heuristically acceptable results emerge in a gestalt way.
Greater attention should be paid to this issue if models are not to fall
into another self-imposed credibility gap.

Recognizing uncertainty leads us to another question: how do
we present uncertainty to different audiences in ways that will have
meaning to them? The representation of uncertainty is also not a new
problem but it is becoming increasingly important, particularly as
scientists interact more directly with managers and policy-makers.
Data or information visualization is a large and sophisticated field of
endeavour in its own right. As model output is designed to be inter-
pretable by a wider audience (particularly as models are designed to
run on the web) then the question of how to present results, and the
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uncertainty associated with those results, in a meaningful way becomes
increasingly problematic.

As rangeland analysts and modellers come to grips with integrating
the human dimensions of rangelands into their ecological models and
understanding (or vice versa), they will face the severe problem of the
limited compatibility, both theoretical and practical, between most
current economic models and ecological models. Despite the advances
being made by Holling (1986) and others (e.g. Gunderson et al., 1995)
in the development of an integrating theoretical framework, this
framework does not yet provide specific algorithms for modelling pur-
poses. Most models of economic systems and human decision-making
are still based on equilibrium theories or theories of utility maximiza-
tion. Little progress has been made towards developing models
based on more realistic theoretical premises such as those posed
by adaptive agents (although the recent developments that link cogni-
tive psychology and economic modelling do hold much promise – see
for example, Anderson, 1998 – seeking simple rules that make us
smart). This will be an important area of endeavour in the coming
decade.

Despite the many challenges that face millennium modellers there
are also a number of remarkable opportunities that are a product
of developments in both the technology and the conceptualization of
models. These opportunities will make the next few decades very
exciting for modellers and model users.

Some of the most exciting opportunities are provided by the
Internet – the potential for distributed computing, rapid information
dissemination and ready access to data sets, open to anyone with a
computer and an Internet link. In the simplest sense, this provides
better opportunities for interaction. The electronic journal Conserva-
tion Ecology has already had issues with models that can be
downloaded and run from the papers describing them (http://
www.consecol.org/). The Century model group has also made
use of the Internet for distribution (http://www.nrel.colostate.edu/
PROGRAMS/MODELING/CENTURY/ CENTURY.html) and is working
on the development of software packages that will make it easier for
non-modellers to use the model for applied management problems in
rangeland and crop agroecosystems.

However, there are more esoteric possibilities – classes of the
previously mentioned agents are now being developed to roam the
Internet carrying out tasks for their controllers. In combination with
other classes of models, this provides the potential for perhaps the most
exciting modelling revolution in decades. Internet agents could be sent
on information-seeking missions, perhaps to query a database or to run
a web-based version of SAVANNA, by model interface agents who need
more information to improve the understanding or learning of agents
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in a simulation model. The design of intelligent agents is a major
area of research in computer science (Weiss, 1999), and agent-based
simulations are rapidly becoming the leading edge of modelling.

A further powerful opportunity evolving from these developments
is the possibility of linking modellers, policy-makers and managers in
controlled simulations, games or decision-making activities. Imagine
the scenario where a developing country wishes to revise its policy on
land allocations to livestock as opposed to wildlife production systems.
A key question in the policy-makers’ minds might be how the local
villagers would respond to incentives for land reallocation. To find out,
one option would be for the policy-makers to distribute a series of inter-
active scenario descriptions to village telecentres (rural information
centres that contain email, Internet, telephone and library facilities)
requesting responses from local leaders. This type of communication
need no longer be a top-down or one-way process. It could be
developed to enable villagers to pose alternative scenarios to
policy-makers, with the interaction facilitated through the use of
carefully designed, interactive models. Each node in the model (i.e. a
telecentre or decision-maker) might be represented by an agent in
the model. Each node would programme its agent to respond to the
scenarios in specific ways. The villager agents would interact with
the policy node so the policy-maker could test different responses to
different decisions, but the villagers could also evolve their responses
as the policy scenarios change, all without having to commit to major
changes on the ground until there was general agreement.

Thus the Internet and remarkable advances in computing power
and technology provide great opportunities that modellers at the start
of the third millennium are fortunate to have available to them. With
these opportunities come challenges such as how best to represent
uncertainty in order to enable the user to distinguish degrees of truth in
the modelling tools they may wish to access. Facing this greatest
revolution of recent times, what steps are we as rangeland scientists
taking to ensure that we are prepared to make best use of these oppor-
tunities? Little strategic thinking along these lines has emerged as yet,
although the possibility of improving the formal assessment of new
models through Internet access to standard data sets is recognized, as is
the need for better testing standards (Parton, 1999). However, just as
information brokers are emerging to mediate between naïve users and
the vast bulk of unsorted data already available on the Internet, similar
credible expert services may be needed to facilitate the use of
agent-based models on the web. A future rangeland conference could
do well to tackle head-on the question of how best to capitalize on these
developments and whether the rangeland profession is ready to
provide such expert facilitation in the service of better management of
rangelands.
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Summary and Conclusions

Modelling of rangeland systems has entered a new era in which the
problems that modellers attempt to solve, or develop models for, have
become increasingly complex. The highly productive period of
reductionist investigation has yielded significant advances in our
understanding of rangelands and rangeland ecology. As we move into a
phase of synthesis, we see four broad species of model populating the
rangeland modelling landscape over the next few decades. Some of
these will continue to target improved understanding, while others
focus more on delivery to decision-makers, whether these are
policy-makers or resource managers.

All, however, must handle the human dimension of rangelands
better. Modellers face a number of challenges in their attempts to either
include humans as actors in their models or develop and present
models to managers, policy-makers or lay people. As models encom-
pass more and more of the reality of rangeland systems, modellers must
develop solutions to the issue of scale, to dealing with and presenting
uncertainty, and to building models of consilience – using the
knowledge of different sectors of society, not just of scientists.

Indeed, rangeland modelling stands on the threshold of
exceptionally interesting times. The opportunities that are presented
by the Internet for distributed modelling, for agent-based modelling
and for interactive modelling are truly remarkable whilst at the same
time presenting considerable challenges to modellers. The technology
is there. Are we ready?
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14Integrating Management of
Land and Water Resources:
the Social, Economic and
Environmental Consequences of
Tree Management in
Rangelands

Tom Hatton

Introduction

Rangelands are characterized primarily by their aridity, and water to a
very great extent defines local productivity and economics, landscape
biodiversity and a host of other downstream environmental services.
The culture, activities and attitudes of a range of stakeholders living
within or downstream of rangeland catchments are intimately
associated with the availability of water and vulnerable to changes in
water quality and quantity. The potential for conflict among these
stakeholders over water issues is high. A well-known phrase from
19th-century American rangelands colourfully sums this up: ‘Whiskey
is for drinking, water for fighting over.’

While our level of dialogue and analysis regarding rangeland water
resources is perhaps more sophisticated and complex than it was 100
years ago, the issues are also more complex, the stakeholders more
diverse and the demands on water greater than ever. The hydrological
impacts of prior land use, and the new uses of land to which we may
put rangelands, have the potential to create new winners and losers
(Syme et al., 1999). One such change in land use putting pressure on
rangeland water resources around the world is associated with the
management or establishment of trees.
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The Changing Views on Trees in Rangelands

Over the past decade or so, there has been a dramatic shift in the
attitude towards woody vegetation in rangelands, at least in developed
nations. For much of the historic period of settlement in the USA,
Australia, Mexico and other nations colonized by Europeans, native
woody vegetation was widely considered incompatible with farming
and grazing systems (‘woody weeds’) and a great deal of effort
was directed towards its clearing and control. Much of the research
and development investment in rangeland science was aimed at
underpinning this effort. Even in 1999, despite a preponderance of
experience and scientific advice to the contrary, Australia was still
clearing native woody vegetation at something like three times the rate
at which they replanted trees to solve the problems already emerging
from earlier clearing.

Nevertheless, attitudes are changing. In part, this is due to a
growing recognition that trees and shrubs are an important functional
component of many rangeland ecosystems, and in part it is due to
the increasing value placed on landscapes for their environmental
qualities. While the latter may be an affordable luxury only for
developed nations, the importance of the former underpins the
sustainability of many rangelands for the benefit of their inhabitants
worldwide.

While woody vegetation is perhaps a hindrance to the short-term
maximization of high-input agricultural production systems, the
importance of trees for fuelwood and other uses to low-input rangeland
managers cannot be overstated. In this sense, the importance of trees
has not changed, but rather the awareness that these resources must be
used sustainably has increased as has the pressure on this resource.

Finally, there is a strong desire to improve the nutrition and
economic well-being of rangeland communities in developing
countries. The development of horticulture in areas traditionally too
arid for tree crops is seen as a desirable diversification in land use and
agricultural practice in many rangeland regions of Africa and Asia.

The Changing Views on Water in Rangelands

The general emphasis in rangeland management has, to date, been on
land management, in support of primary production from that land.
The coincidence of increasing pressure for sustainable water resource
development and the provision of water for environmental purposes
has diminished the importance of rangeland primary production
relative to the environmental services provided by rangelands,
especially water. Our improved understanding of the link between the
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way we manage vegetation and the quality and quantity of water flow-
ing from the land adds impetus to considering how land management
impacts on water resources.

Why Retain or Plant Trees in Rangelands?

Woody perennial vegetation is a natural feature of most rangelands
around the world. However, in many regions it has been extensively
cleared for grazing or agriculture, or simply through unsustainable
wood harvesting (e.g. Australia, Chile, the Sahel). Such clearing is often
associated with serious land degradation (Walker et al., 1993; Hatton,
1999), and the need to restore or protect trees in the landscape is often
driven by conservation needs (Campbell, 1994; Al-Qudah and Sabet,
1999; Christiansen and Wolff, 1999; Clary, 1999; Hatton and Nulsen,
1999; Ismail, 1999).

Alternatively, the impetus for tree planting is often economically
driven. The need to supply fibre, food and fuelwood is great, and
tree planting is being promoted and facilitated around the world in
response to this need (Al-Laham, 1999; Berliner, 1999; Regner and
El-Mowelhi, 1999; Sauerhaft et al., 1999; Vertessy and Bessard, 1999).
Such planting is either in support of new products or to sustain the
inherent productivity of rangelands.

How Do Trees Affect the Water Resources of Rangelands?

There is evidence from Australia (Specht, 1972; Hatton and Wu,
1995; Ellis et al., 1999), Spain (Joffre and Rambal, 1993) and the USA
(Eagleson and Segarra, 1985) that in water-limited environments,
the equilibrium (undisturbed) Leaf Area Index (LAI) of woodlands,
shrublands and heaths is a function primarily of climate. Further, at
equilibrium LAI, the vegetation minimizes runoff and groundwater
recharge (Eagleson, 1982). This concept, if we accept it, offers a power-
ful paradigm for understanding and interpreting the hydrological con-
sequences to afforestation or reforestation of rangelands. For instance,
we can expect the downward displacement of the LAI–climate curve
for a particular system (i.e. tree clearing) to result in greater water yield
and perhaps groundwater discharge from the catchment.

Zhang et al. (1999) quantified one empirical expression of this
idea for a large set of forested and grassland sites around the world
(Fig. 14.1). In this case, the annual runoff from forested and
non-forested catchments bore strong and distinct relationships to
annual rainfall. What is harder to predict in such general terms are the
conservation impacts of clearing-induced changes to the hydrological
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cycle. These can include decreased biodiversity, increased erosion,
increased flooding, and salinization.

For instance, widespread clearing of native sclerophyll vegetation
across southern Australia is resulting in a large dryland salinity prob-
lem (Hatton, 1999). Driven by the desire to reverse these hydrological
impacts, tree planting is being promoted on a massive scale, with
an acknowledgement that unless something like 10 million ha are
reforested, much of the anticipated salinization of water resources will
be realized. However, there is growing concern that if the siting of these
new plantations is not appropriate, the decreases in stream flow will
offset any benefits to reduced groundwater discharge and associated
salt loads in rivers (Vertessy and Bessard, 1999). The Republic of South
Africa has resorted to a water allocation policy requiring an allocation
permit for tree plantations due to their impacts on catchment water
yield (van der Zel, 1995).

A corollary to the ecohydrological equilibrium hypothesis as stated
above is that one can make trade-offs between the density of a tree or
stand canopy and the area of catchment supplying water to the trees
(Fig. 14.2). Ellis et al. (1999) show how tree belts adjust their canopy
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Fig. 14.1. The relationship between annual rainfall and catchment water yield,
under grassland and forest (from Zhang et al., 1999). In high rainfall country, where
the concern is over streamflow reductions due to afforestation, this is a useful and
robust relationship for estimating impacts. For instance, at 700 mm of rainfall (C),
a grassland or previously cleared site may yield about 190 mm of runoff, while a
forested catchment might yield only 60 mm; intermediate values of afforestation
would result in a proportional decrease between these two yield values.
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densities as a function of the equilibrium LAI of the site and the
additional area providing water beyond the edge of the canopy. This is
the principle behind run-on agroforestry as well: that even in the most
arid zones otherwise hostile to tree survival or growth based on the
expected relationship between LAI and climate, by harvesting rainfall
over a larger area and focusing it on an area of limited canopy, trees can
be made to grow.

Optimizing the degree of tree cover to manipulate rangeland
water balance is not at all a modern idea. While tree cover has been
dramatically reduced by people in most of the Mediterranean range-
lands, the dehesas of the Iberian Peninsula are traditional (even
ancient) rangeland systems that are managed to a tree density of 40–50
trees ha−1 for the production of grass and sweet acorns for people and
livestock (Joffre and Rambal, 1993). More intriguingly, it appears that
this density of trees is less than that associated with the equilibrium
LAI, and the water resources released serve to reduce drought risk in
the longer term.
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Thus, the local water balance can be augmented through the
clearing of the native woody vegetation, but often at the expense of
biodiversity, soil loss and salinization; these impacts can in principle
be reversed or limited by restoring trees to such landscapes. More local
use of water (at the expense of downstream users) can be made by inter-
cepting or redirecting runoff (natural or otherwise) to trees to maintain
or enhance them in an environment otherwise too arid. Ultimately,
there may be levels of tree cover that balance productivity and water
resources in a sustainable and optimal way.

Who are the Stakeholders in Rangeland Water Resources?

It is important to realize that no water arising from rangelands is ever
‘wasted’. Even if surface water or groundwater resources are not used or
wanted by industry, these flow regimes inevitably support natural
ecosystems that have inherent and in most cases tangible values
(Hatton and Evans, 1998). Diversion of these water resources for tree
growing must come at some cost downstream. The same may be said for
the degradation of water resources through the imprudent clearing of
trees.

The potential downstream stakeholders include water-driven
industry, domestic users of surface water or groundwater, people who
live and depend on floodplains, and a growing number of people con-
cerned about conservation values like the preservation of biodiversity.
In countries like Australia, the Republic of South Africa and the
USA, these stakeholders comprise the vast preponderance of influence
and ownership of rangeland water resources, as evidenced by water
legislation and policy protecting their interests.

Therefore, issues like tree planting involve many considerations
beyond the farm gate or communal lands, particularly with respect to
the impacts on the catchment. The difficulty of resolving these poten-
tially conflicting interests is hugely magnified when water resource
impacts extend across scales (Weltz et al., 1999) or political boundaries
(e.g. Seely et al., 1999). In the case of Australia (a federation of states
with largely independent policies on catchment management), the
Murray–Darling basin extends across six states and territories. This
catchment currently produces about half of Australia’s food, but
is under intense pressure due to the over-allocation of water, the
salinization of rivers and the need for rural development. Tree planting
is advocated in a variety of forms and for a range of purposes that
would produce significant changes to the water resources of the
Murray–Darling basin (Vertessy and Bessard, 1999). The issue of social
and economic equity in the shape of these changes demanded the
development of an interstate instrument (the Murray–Darling basin
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Commission) with wide-ranging powers to manage such issues
(Fig. 14.3).

Tree Planting in Rangelands: Who Wins?

The key to sorting out winners and losers in the issue of tree planting is
in the identification of on-farm (or alternatively, tribal or communal)
benefits and costs, and the benefits and costs in terms of environmen-
tal, economic and social services delivered to the wider community
from rangeland catchments.

Where tree planting is driven largely by the conservation needs of
the wider community, it may be that there are commercial forestry or
agroforestry opportunities that can compete with traditional land use
on an economic basis and fit in well with local values and aspirations.
This is the ideal (‘win–win’), and adoption is usually only a matter of
extension of information and perhaps some initial financial support
from government or developers. In Australia, the need to afforest vast
areas to control salinization is only likely to be met if done on a
commercial basis, and the development of the oil mallee (a eucalyptus
tree yielding multiple products including oil, activated charcoal and
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Fig. 14.3. Secondary salinization resulting from clearing of native woodlands in
Western Australia. If the solution, or containment, of this problem lies in restoring
tree cover to something like the original extent and density, who pays and who
benefits?
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fuel biomass) and maritime pine industries for regions with less than
600 mm of annual rainfall may achieve commercial parity with
conventional farming.

In most cases, however, conservation goals will not be met through
commercially viable forestry or agroforestry (e.g. McDaniel and Taylor,
1999). In these cases, the motivation for tree planting by local range-
land managers is limited to their sense of goodwill and degree of
conservation ethic. Given the declining terms of trade for many
primary producers (Hatton, 1999) or their historic levels of poverty, the
collective ability to finance conservation tree planting from among
local rangeland managers is generally quite limited. Additionally, the
restoration of water quality through conservation-driven tree planting
may come at the cost of lost opportunity for landholders desiring
higher value uses.

Where the imperative for tree planting is driven by local economic
need (fuelwood, industry development, increasing sustainability), and
local economics cannot wholly drive tree planting initiatives, then the
wider community must participate in some way. The cost-sharing
arrangements for this balancing of private good and public need
require input from all stakeholders (Barber 1999; Pegler et al., 1999).
Such decisions are complex and must take into account not only the
downstream impacts on water resources but also the regional or
national desires for social and economic equity (e.g. Al-Laham, 1999;
Al-Qudah and Sabet, 1999; Brake et al., 1999; Ismail, 1999; Regner and
El-Mowelhi, 1999). Syme et al. (1999) provide a discussion of instru-
ments to facilitate the broader discussion of stakeholder equity and
community goal setting for integrated catchment management issues
like tree planting.

Conclusions

The management of tree cover (clearing native woody vegetation,
commercial forestry, agroforestry) in rangeland catchments has a
profound effect on the yield and quality of water. This dependency of
water on tree management creates the potential for conflict among the
wider stakeholders dependent on the flows of water of a particular
quality. The breadth of these stakeholders may not be immediately
obvious to those making decisions about tree management, and
includes not only downstream users of water but also those members of
the community with interests in conservation, cultural continuity,
social justice and economic equity.

Resolving such conflicts depends on first identifying and then
consulting stakeholders in regard to the benefits and impacts of the
proposed vegetation management. This may include the provision of
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technical advice and education to underpin the articulation and
quantification of concerns. Once the equity in the issue is identified,
decisions regarding cost sharing between the wider community and
local rangeland managers can be agreed.

Trees have the potential to greatly enhance the value of rangeland
to the local and downstream communities. There are compelling
ecohydrological reasons for a given degree of tree cover with respect
to the stability and sustainability of landscapes. These principles are
useful in designing or redesigning forestry and agroforestry systems for
the long-term benefit of people in rangelands.
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15Land and Water Management:
Lessons from a Project on
Desertification in the Middle
East

Scott Christiansen

Introduction

A diplomatic and technical support structure exists to help resolve
the conflict in the Middle East, which was established at the Madrid
Peace Conference in 1991; a process infrequently described, but well
summarized for its first 5 years in a book by Joel Peters (1996). The
multilateral talks were devised to provide a multilateral forum for
discussion of non-political trans-boundary issues of concern to all
parties that would independently build confidence through dialogue
and stimulate the discussion of country-to-country issues among the
front-line states.

The basic structure of the process, which continues to this
date, includes five different Working Groups (arms control, regional
economic development, refugees, water and the environment). One
project in the Working Group on the Environment (WGE) was designed
to control natural resource degradation in Egypt, Israel, Jordan, the
Palestinian Authority and Tunisia. The project had a large focus
on rangeland, which was but one of many projects in the WGE; never-
theless, it can be safely stated that this project reflects some of the
challenges faced by the entire Middle East peace process.

It is clear that a regrouping is now called for that would revisit the
successes and failures of the Peace Talks with a view to more widely
publicize the next iteration of the process to achieve a wider public
awareness and acceptance of the effort.
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Project Background

The World Bank was instrumental in facilitating the process of
preparation and implementation of the project, which was entitled the
‘Initiative for Collaboration to Control Natural Resource Degradation
(Desertification) of Arid Lands in the Middle East’ recently renamed
the ‘Regional Initiative for Dryland Management’ for Phase II of the
project, and scheduled to continue through to 2003. The World Bank,
Switzerland, Luxembourg, Japan, the USA, the European Commission,
the Republic of Korea and Canada provided funding that is comple-
mented by in-kind and financial inputs by the participating countries.
The International Centre for Agricultural Research in the Dry
Areas (ICARDA) is responsible for programme execution through a
Facilitation Unit hosted in the ICARDA-Cairo offices.

The project is unique as a pilot project because, if successful, the
idea could be used elsewhere around the globe where political conflict
and environmental degradation are unhappily brought together and
where cooperation might yield a solution to both environmental and
political problems. By 1999, a relatively cold Middle Eastern political
atmosphere had thawed; however, during the writing of this book the
Middle East conflict again entered another age of political stalemate.

Figure 15.1 shows the original design for the implementation of
Phase I (1996–2000). Countries leading Regional Support Programmes
(RSPs) are indicated with shading. Each country carried out activities
for each theme within its territory – called National Support Activities
(NSAs). In addition, the Palestinian Authority was assisted in capacity
building through support to the establishment of the Palestinian
Environmental Authority, which was subsequently merged with the
Ministry of Environmental Affairs. For example, Jordan was to carry
out NSAs within its territory and also provide regional support to all
the other countries in the RSP for the Rangeland Management theme.
NSAs were planned as research and development projects while the
RSPs are used for coordination, training and communication.

The original project structure required a donation of funds from a
variety of donors – some of them understandably reluctant to invest in
a political process that was going up and down like a roller-coaster. As
a result, Phase I funding was adequate but unevenly distributed.
Regional work was generously funded by the Swiss and included
Israel, but a freeze on multilateral activities called by the Arab League
from March of 1997 until 2000 limited the extent of regional work.

Meanwhile, no donors or participating countries came forward
with funding to support national activities in Egypt, Israel or Tunisia,
which made it necessary to repeatedly reallocate small amounts of
World Bank funds designed to operate the Facilitation Unit to Egypt
and Tunisia with the hope that a donor would soon contribute
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resources. Israel’s high per capita income made it ineligible for the
overseas development funding of most donors, including the World
Bank, and the Ministry of Foreign Affairs in Israel did not contribute
funds for their own NSAs in Phase I. As a result of the above circum-
stances, the project was often forced to justify the use of regional funds
for national activities with the chicken-and-egg logic that if there were
no funds to develop national activities then there would be nothing to
show during the regional tours and demonstrations.

Most of the national funds were concentrated within Jordan and the
Palestinian Authority. The Palestinians had funds for all four NSAs but
limited institutional capacity, and competition for leadership of the
project caused slow disbursement of funds. The Jordanians had three
of four NSAs funded within the project; however, donors outside the
project were also funding dryland activities that in turn limited the
need to disburse funds allocated by the Initiative.

On top of the funding imbalances and differences in rates of
disbursement, efforts to cooperate technically between Israel and the
Arab partners in the project were continually affected by the changing
political circumstances in the Middle East. Eventually, project
implementation strategies were created to accommodate political
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contingencies through a flexible expansion and contraction of activities
that could be politically accepted at any given time.

The biggest contribution of Phase I, between 1996 and 2000, was to
call for an External Review that restructured the project so that each
country had national project activities, which were formally funded as
an integral part of the project, where work could contract but continue
during difficult political periods. Regional efforts thus become
incremental to national efforts, adding regional value to existing work.

By the end of Phase I in 2000, idealism gave way to pragmatism and
the hypothesis that regional exchanges can make headway through
technical cooperation independently of political progress was
disproved.

Importantly, the project is now simplified, focused on fewer
physical locations and shifted more towards development than
research. Cooperation during Phase II focuses on: (i) natural resource
conservation and watershed management using water harvesting
techniques and suitable plant resources; (ii) treated wastewater and
bio-solids management, reuse and guidelines; and (iii) identification of
policy options for reversing natural resource degradation.

Lessons Learned

1. Development objectives are retarded when politics prevent project
activities from being implemented. Division and vacillating support at
the donor level for management and organization of the project bear
part of the burden for failures. In the financial context, slow disburse-
ment or reporting slows the entire project cycle. In multi-institutional
settings the communication among institutions can become conten-
tious. In resource-limited multidisciplinary settings, competition may
limit cooperation. Within institutions, key coordinators can often keep
essential information from being shared, limiting the opportunity for
debate and discussion. The scientists sometimes lack initiative or
responsibility, particularly when decisions are political, i.e. reserved
for top managers directly linked to political supervisors. Finally,
when politics are not at issue, an inadequate incentive system and
incomplete delegation of authority impedes progress.
2. In situations where organization and management are properly
functioning, a problem of all research or development projects is to
exclude beneficiaries in the design and implementation of projects.
Exclusion of farmer stakeholders perpetuates a system whereby govern-
ments, regional and international organizations can overly influence
the targeting of donor assistance. Donors should insist on creating
balanced and complementary views of development through National
Management Committees for each country, which must include
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representation of the target population affected by desertification.
There is no rule for composition of a National Management Committee;
however, donors should have enough leverage over the selection
process to ensure a representative cross-section of stakeholders, one in
which healthy competitive forces generate open debate and compro-
mises, particularly with reference to the share of resources spent on
solving problems for the users that are affected by desertification.

A generalized composition for the committee is recommended as
follows:

� Ministry of Environment (conservation)
� Ministry of Agriculture (production)
� Ministry of Water and/or Irrigation (hydrology, treated wastewater)
� A relevant university (advanced training, specialized studies)
� A non-government organization (independent funding possi-

bilities)
� Representative from the community or Civic Society (local per-

spective).

3. Land ownership and user rights are topics of immense proportions
that have obvious, but not often addressed, relevance to the vast areas
of rangeland throughout North Africa, the Middle East and Central
Asia. Policy decisions to grant rights of use should start with simple
pilot demonstrations so that governments can take a step-by-step
approach in finding the right model for reform. Differences in the land
use tenure in the countries of the region make some technologies less
transferable than others across countries.
4. In very dry settings unfit for cultivated crops, fodder shrubs or fruit
trees, combined with water harvesting, can be managed to produce
functional and profitable agricultural systems. Some scientific issues
for the production of fodder shrubs include:

� growing shrubs in wide-spaced rows within barley (Le Houérou
et al., 1991);

� formulating balanced rations with shrubs and other available feeds
and phasing shrubs gradually into animal diets (Le Houérou,
1991b); and

� potential to put the shrubs into feed blocks, which provides an
incentive for farmers who do not own livestock to grow shrubs
for production of a commodity that can be stored, transported and
marketed.

5. Water of marginal quality is the only water resource that is increas-
ing in availability. Standards are needed to regulate the use of treated
wastewater and bio-solids, and methods are needed to improve the
treatment so as to decrease health risks when reusing these valuable
agricultural resources. It is critical in many areas where fresh water
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is scarce to save it for domestic use. Reuse strategies and monitor-
ing systems are needed to use lower quality water in agricultural
production and development of dryland zones.
6. During the multilateral freeze imposed by Arab states on coopera-
tion with the Israelis between 1997 and 2000 there were very few, if
any, interactions among Working Groups within individual countries.
A more flexible and innovative project structure would have offered an
opportunity for the individual projects within each of the developing
Arab states to continue their work and maintain their momentum
during times of political impasse. This is linked to the idea of having
sustainable national development projects as the basis for Arab–Israeli
cooperation in the future.
7. The structure of the Multilateral Middle East Peace Talks is
comprehensive and philosophically interesting. Practically speaking,
however, it is too complicated. To even the most fastidious students
of the process as a whole, it has lost its coherence to the point
where communication among its layers of organization has broken
down – within and across projects and Working Groups – upwards to
the Steering Committee. It is for this reason that it is believed that
a thorough simplification and streamlining of the organizational
structure and a serious reconsolidation of the process is now in order.

A New Global Dryland Setting

A new role for developed countries will be to help preserve peace,
address issues of globalization and to improve the quality of life of the
many poor and disadvantaged throughout the world (Lancaster, 2000).
As the world continues to make unprecedented demands upon natural
resources, one major responsibility will be to develop partnerships
among countries to improve management of land and water resources.
This is very much what is being done in the Regional Initiative for
Dryland Management. If this work is to be expanded to other areas
of the world it will be important to consider trends in funding for
agricultural research and development.

History: post-Second World War agricultural development evolution

International development assistance is a post-Second World War
phenomenon that was given momentum by the Point Four Program,
which was the US policy of technical assistance and economic aid to
underdeveloped countries, so named because it was the fourth point of
President Harry S. Truman’s 1949 inaugural address. Emphasis was
placed on technical assistance, largely in the fields of agriculture,
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public health and education, furnished through specialized United
Nations agencies, as well as through US contributions on a bilateral
basis, often channelled through land-grant universities. It is important
to remember that this was a time when investments were often made to
affect the strategic balance of power and competing ideologies between
the free-market ‘Western’ world and the Soviet-dominated command
economies.

The 1950s, 1960s and 1970s were a time of large multi-sector
investment projects, heavy on support to irrigation, roads, infra-
structure – an era of ‘bricks and mortar’. Livestock and rangeland
projects addressed issues such as drilling of wells for livestock
watering points, veterinary care and subsidized feeds, re-vegetation of
degraded rangeland and establishment of feed reserves with fodder
shrubs, creation of pastoral fattening cooperatives and settling of
nomads (El-Shorbagy, 1998).

Rangeland has been less important in feeding the world than crops.
In the 1970s, the Green Revolution produced improved varieties of rice
at the International Rice Research Institute (IRRI) and wheat at the
International Maize and Wheat Improvement Centre (CIMMYT). These
technology packages also called for fertilizer and management pack-
ages to sustain high yields. In part due to the successes of IRRI and
CIMMYT, a succession of International Agricultural Research Centres
(IARCs) continued to be born into the 1990s under the auspices of the
Consultative Group for International Agricultural Research (CGIAR).
Eighteen IARCs were created before a consolidation brought the
number down to 16 Centres. The World Bank and USAID were the
largest contributors to the CGIAR so it is not surprising that many of
the Green Revolution crop commodity concepts were adopted and
replicated wholeheartedly around the developing world.

Research and development projects brought new financial
resources, equipment and technology to all corners of the world. This
trend can be correlated with the unintended but inexorable loss of
rangelands by conversion to cropland. Taking the Mediterranean
region as an example, over the past 50 years, about 50% of arid range-
lands between the 100–400 mm bands of mean annual rainfall have
been cleared, mostly for cultivation of barley (Le Houérou, 1991a).
These were the most productive rangelands with relatively deep soils,
located in topographic depressions, benefiting from some rainfall
run-on. Over the past decades, bad management has converted the best
rangelands to some of the worse cropland, often causing desertification
and abandonment of these lands.

The 1980s were a period of donor fatigue, recession and stock
market slumps that simultaneously trimmed spending on develop-
ment. The World Bank spent US$2 billion on range and livestock
activities from 1974 to 1979, which fell to less than US$50 million in
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the period 1980–1985 (Niamir-Fuller, 1999). In the 1990s, the research
agenda was broadened, shifting to multidisciplinary or systems
approaches including farming systems, socio-economics, participatory
processes, gender studies and the inclusion of natural resources in the
research and development agenda. Rangelands have subsequently been
more or less embedded within natural resources. Foran and Howden
(1999) contend that rangelands will continue their decline in world
and national affairs. Although the areas are vast, their inhabitants are
few. Most project personnel are not well adapted to these settings and
their offices are back in the cities where the majority prefers to live
comfortably with access to civilization and services. Programmes are
needed that will bring self-sufficiency to those who want to live on the
range, for personal, political or cultural reasons.

In the larger geopolitical arena, attention turned to the collapse of
the communist system and many funds were diverted to encourage
new paths towards democratic and market-oriented reform. However,
in 1992, the United Nations Conference on Environment and Develop-
ment (UNCED) developed the ‘Rio treaties’ – all three of which are of
direct concern to the future of rangeland development: the Framework
Convention on Climate Change (FCCC), the Convention on Biological
Diversity (CBD) and the Convention to Combat Desertification (CCD).
Through the Global Environment Facility, new funding has been made
available to restart development in the rangelands based on an environ-
mental approach as opposed to one that focuses on production (Lusigi
and Acquay, 1999).

Technical and Organizational Trends

Ultimately, natural resource management is the result of interaction
among three quite distinct systems – resources, resource users, and the
larger geopolitical system in which they operate – each of which needs
to be understood if intervention is to be effective (Pratt et al., 1997). As
we enter the new millennium, the need to predict and gauge the direc-
tion of research and development will not change. The future requires
organization and technology so that the best new ideas can be put
into practice as soon as possible. What is likely to remain in the fore-
front of rangeland science during the next decade will surely include
combinations of topics discussed in the remainder of this chapter.

Agriculture and environment

During the past decade, support for agriculture declined while support
for the environment went up. Before long, it became clear that both
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sectors were inextricably intertwined. While resources are targeted at
environmental issues, the world recognizes that agriculture is both a
cause of environmental degradation as well as a solution for sustain-
able environmental management.

Carbon sequestration

Evidence that the atmospheric build-up of greenhouse gases from
anthropogenic sources is causing global climate change has created
new opportunities for the energy sector to produce cleaner fuels
and reduce greenhouse gas emissions. Rejuvenation of funding oppor-
tunities is anticipated in the agriculture and environment sectors
through sequestration of carbon dioxide in rural landscapes. One of the
big promises for rural development may be the establishment of grass-
land conservation programmes to rehabilitate the degraded lands,
sequestering and storing significant quantities of organic matter, and
thereby offering disadvantaged rural farmers an opportunity to benefit
from strategies designed to mitigate climate change through trading of
carbon credits with industrialized countries.

Safeguarding and using our waters

Reclaiming municipal wastewater and bio-solids for agricultural re-use
will be high on the global agenda for research and development
alike. Wastewater re-use improves the environment because it reduces
the amount of waste discharges into watercourses, and it conserves
water resources by lowering the demand for freshwater abstraction. In
the process, re-use has the potential to reduce the costs of both
wastewater disposal and the provision of irrigation water, mainly
around cities and towns with sewers at present, but more and more
in rural settings, particularly dry ones, where every drop of water is a
precious commodity.

Remote sensing and decision-support tools

There is a critical need for improved technology to develop integrated
ranch and catchment management systems that are environmentally
sustainable and economically viable. Trans-boundary catchments and
rangelands are a shared resource calling for standard approaches and
common databases in decision-making. Countries must share common
goals to understand the basic processes that affect rangelands and
catchments, and develop and implement management strategies that
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will sustain our resources for future generations. For example, it is
already possible to use spatially explicit hydro-ecological models
calibrated with satellite images to produce daily estimates of regional
plant growth and rangeland health that are three times more accurate
than conventional methods without satellite imagery. It will soon be
possible to measure soil moisture at a large scale using airborne and
space microwave platforms. Soil moisture is a critical variable for
climate and agriculture, determining the partitioning of water and
energy between the earth’s surface and atmosphere, and impacting
on net primary productivity and weather. Up until now, measuring
soil moisture over continental scales was hindered by appropriate
instrumentation.

Regional linkages among donor programmes

Many governments have programmes of bilateral assistance to develop-
ing countries. Often these efforts are similar and focused on the same
target ministry in the developing country. There are some instances
where development assistance is addressed by adjacent countries in
the same eco-geographical setting where clear advantages of coopera-
tion could be achieved through a reconciliation of the programmes.
Where research and development needs can be expensive, particularly
in natural resource management, regional cooperation is clearly
needed.

Back in 1992 the world gathered in Rio de Janeiro to map out an
environmental agenda for the 21st century that took into consideration
land degradation, loss of biodiversity and global climate change.
This ‘Agenda 21’ calls for good demonstrations to show how
dryland countries can achieve environmental and economic stability.
If donor nations could lend their support to the coordinated implemen-
tation of regional action programmes, then successful activities can
be replicated and used to meet national obligations for other coun-
tries that have ratified and have become parties to the FCCC, CBD
and CCD.

As the UNCCD now accelerates the establishment of its Sub-
Regional Action Plans, the projects that are created should strive for
good governance and a focus on problem solving. The projects should
monitor progress and expected outputs, and include an information
management system that is accessible by all parties through the
Internet. An honest and transparent system of monitoring by peers can
help to solve problems amicably at a local level to prepare project
teams for the inevitable project evaluation; however, participants and
donors alike should accept that independent outside reviews are an
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excellent way to introduce fresh views at critical points in the life cycle
of all projects.

The role of the CGIAR’s future harvest centres

The Consultative Group for International Agricultural Research
(CGIAR) is in jeopardy. Every year they gather at Centre’s Week, hosted
at the World Bank in Washington, and donations are collected to run
the system for another year. In the 2000 meetings the system renamed
itself as Future Harvest, striving for a new corporate identity while
maintaining coordination and traditional sources of financial support.

The Future Harvest Centres are worthy of support as they have a
good name with the National Agricultural Research Systems (NARS)
that they serve and there is a sound financial reporting capability that
donors can rely upon for their records. It is calculated that the CGIAR
system represents only 4% of all financial support to agricultural
research but it is a very heavily leveraged support that is widely appre-
ciated. With a consistent level of support the Future Harvest Centres
could start to rely more strategically upon the strong NARS in each
region. Brazil is a good example of a strong NARS in South America,
which can be relied upon to transfer the best findings to other countries
on the continent.

NARS, development banks and the CGIAR are critical elements in
the system of global agriculture/environment research and develop-
ment coordination. At the moment the CGIAR is operating on a very
small budget but has the confidence of the NARS and provides finan-
cial accountability to donors. The development banks have the
resources and development agenda but lack the latest technology and
scientists for implementation of projects in rural development.

Lack of a larger vision

Debates over globalization have handicapped bold initiatives that
could help to erase rural poverty in the 21st century. A trust fund could
be generated to financially stabilize the CGIAR. Until this happens
it seems that the Future Harvest Centres may not have a very
bright future. If a sustainable funding system was created it would be
relatively easy to ensure that the Centres rejuvenate themselves
through obligatory term limits on appointments of 5–7 years. This
is long enough to create solid outputs and would open a continuous,
sustainable recycling of scientists from NARS and advanced research
organizations.
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Conclusions

As the UNCCD now accelerates the establishment of its Sub-Regional
Action Plans around the world, projects that are created should strive
for good governance and a focus on problem solving. As with the
piloting efforts of the ‘Regional Initiative for Dryland Management’ in
the Multilateral Middle East Peace Process, the UNCCD could generate
a global network of Regional Facilitation Units for the dry areas of the
world, backstopped by research from the Future Harvest Centres and
advanced research organizations. When successes are achieved in this
network they could be scaled up with assistance from governments
and development banks. The projects should monitor progress and
expected outputs and include an information management system
that is accessible by all parties. An honest and transparent system of
technical monitoring and financial auditing by competent external
professionals could elevate work standards to those used within
normal business practices.

As shown in the US, agricultural research has had an extraordinary
return on research investments. Research and development are insepa-
rable and it is time that the world made concrete plans to eradicate
rural poverty. This lofty goal will require organization and sharing
of knowledge through a promotion of comparative advantages in trans-
ferring knowledge. The effort must combine research and development
on natural resource management and engage countries to participate in
Agenda 21 to achieve environmental and economic stability in the
coming generation.
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16International Perspectives on
the Rangelands

Wolfgang Bayer and Peter Sloane

Introduction

International perspectives on rangelands have multiple dimensions.
These may be physical and can include issues which affect large parts
of the rangelands, such as desiccation, frequent droughts, a decreasing
number of people depending exclusively on rangelands, or crop
encroachment. They may have spatial dimensions with regional or
local focus. Many functionally linked rangeland areas are not defined
by national boundaries, so their use is not solely an issue for one
country or government. External assistance for rangeland development
and management is another international dimension and is the focus
of this chapter. Particular emphasis is given to the lessons learned
over the past 40 years and to the extent to which these lessons brought
about any changes in the approaches to assistance taken by donors,
technical and implementing agencies (whether multi- or bilateral agen-
cies or international non-governmental organizations), and provided
signals as to future pathways for assistance to achieve sustainable
development and management of the world’s rangeland resources.

Evolution of Rangeland Development Concepts

Development projects involving interventions in the rangelands com-
menced about 40 years ago. The financial commitment has fluctuated
over this period, with World Bank spending for interventions in the
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rangelands having fallen to a current level of US$2 million year−1 from
a high point of US$20 million year−1 in the late 1970s and early 1980s,
though it is now showing some signs of increasing again (de Haan,
1999). Trends in spending on rangeland interventions by other
agencies have been similar. Rangeland development is now often not a
separate project, but part of a wider programme of natural resource
management.

Concepts in range development have also changed. The 1960s and
early 1970s were the period of production and technology transfer
(Turk, 1999). The main objective was to increase production for
the urban and international market, and the approach was one of
capital-intensive and labour-extensive ranching, with range restoration
and improvement schemes, water-point development and fodder
production (Niamir-Fuller, 1999).

The ranching approach failed for ecological, economic and institu-
tional reasons. Local authorities administering the schemes could
rarely enforce rules, nor could they prevent internal corruption. Where
successful, these schemes undermined traditional rules and facilitated
the intrusion of non-pastoralists. Projects such as state-sponsored and
donor-assisted water-point development were intended to increase
livestock production by opening up new pastures. Instead, however,
they often disturbed traditional patterns of rangeland use, transforming
them into open-access situations, which accelerated degradation of the
rangeland (Niamir-Fuller, 1999; Turk, 1999).

These early projects often commenced without baseline studies.
Project success increased to some degree when baseline and vegetation
studies were included in the preparation phase; however, a major
shortcoming was that projects were trying to work for, but not with,
the rangeland users. Training was largely restricted to government
officials, and indigenous knowledge was not appreciated. Subsequent
social studies and productivity assessments on the basis of the produc-
tion objectives showed that traditional pastoralists were, in most cases,
highly efficient resource managers. It could be shown that there were
many sound ecological and economic reasons for pastoral mobility.
Pastoralists found themselves forced to act in a certain way, not
through ignorance or ill will, but because of difficult legal conditions
(i.e. land-tenure systems designed for sedentary agriculture), loss of
access to pastures and economic difficulties (low prices for livestock
products). Inappropriate interventions were found to lead to poor
economic return on investment (Le Gall, 1999). This triggered a decline
of investment in pastoral development on the part of donors and,
importantly, also led to a critical revision of concepts and strategies.
Many non-governmental organizations (NGOs) took a very active part
in promoting a revision in concepts, and many national governments of
developing countries have also advanced considerably in revising their
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rangeland policies. These trends can be observed within all major
donor agencies.

The New Concepts

The critical revision of concepts in rangeland and pastoral develop-
ment revealed:

� A high level of efficiency in resource use among many traditional
pastoralists. This is particularly true for sub-Saharan Africa, where
it was found that the production of animal protein per hectare in
the Sahel was two to three times higher than in areas with similar
natural conditions in semi-arid parts of Australia and the USA
(Breman and de Wit, 1983). This is also because of the different
product mix (meat and wool in the case of ranches in Australia and
the USA, whereas African pastoralists keep animals to produce
meat, milk, blood, manure and/or draught power).

� The inadequacy of conventional ecological theory. Range manage-
ment is largely based on the theory of succession; that is, removal of
grazing pressure allows the vegetation to revert to a climax vegeta-
tion. The art of range management – according to this theory – is to
stabilize the vegetation at a desired stage. More recent ecological
research has shown that in drylands, particularly where annual
plants predominate, vegetation yield depends much more on rain-
fall than on previous grazing pressure. As rainfall varies greatly
between years, so does vegetation yield. Under such conditions, the
range vegetation is not in equilibrium (Ellis and Swift, 1988; Behnke
et al., 1993). In the long run, however, grazing management can
influence vegetation composition even in drylands, particularly as
far as the balance between woody and herbaceous species is con-
cerned. Management of range can be either ‘opportunistic’ or ‘holis-
tic’ or both. Pastoralists practising opportunistic management take
advantage of different natural resources when they are available
and, when there is little feed and water, try to get by, or move to
other pastures. Holistic management looks at resources in a system
perspective, and moves and reacts with appropriate management
when vegetation is adversely affected by grazing (Le Gall, 1999).

� A much stronger emphasis on understanding pastoral systems and
land use prior to starting development activities. This refers not
only to the ecological reality and to pastoralists’ responses to
ecological variation, but also to the multiple production objectives
of livestock keeping. During the last two decades, a growing
awareness of the complexity and wide diversity of pastoral systems
and animal husbandry objectives has emerged (cf. de Haan, 1999).
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Classifying pastoral production systems according to whether they
are oriented more to market or to subsistence and an analysis of
price structures of inputs and produce are crucial to understanding
differences in supply response to price changes and are therefore
a critical element in determining the economic feasibility of
investments (de Haan, 1999).

� A strong move toward decentralization, participatory development
and local empowerment (de Haan, 1999; Le Gall, 1999; Reynolds
et al., 1999; Sidahmed, 1999; Turk, 1999). Management of
rangelands requires frequent decisions on the part of the users, and
the circumstances in which the decisions are made can differ
considerably within and between years and seasons. There is now
substantial evidence that decentralized and community-based
approaches are better suited to natural resource management
(NRM) than blueprint-like, centralized ones. There is an almost
universal agreement among funding and technical/implementing
agencies regarding the need for participatory development.
However, there are still substantial difficulties in incorporating a
participatory approach into the project-cycle management of the
various agencies, since it requires a change in roles of the different
partners and in the decision-making processes. Furthermore, differ-
ent stakeholders may speak different languages, which can make it
more difficult to reach agreements between them about resource
use. In participatory approaches, local scientists and experts from
host countries play a much more important role in project design
and implementation (Turk, 1999). The principle of subsidiarity is
important in this respect, i.e. what can be decided locally should be
dealt with at the local level, and only those issues which require
decisions at higher administrative levels should be dealt with
there. Care must be taken, however, that higher levels of govern-
ment assume their responsibilities and that local government, user
groups and NGOs are not in charge of tasks which they cannot mas-
ter (e.g. a local government can declare an area to be affected by a
particular disease, but drawing up legal regulations and meeting
costs for quarantine are national rather than local tasks).

� A greater recognition of the multiple functions of rangelands.
Different stakeholders may also have quite different perceptions of
the functions and problems of rangelands; for example, as potential
carbon sinks (Lusigi and Acquay, 1999); as vast, sparsely populated
areas which are locations for water catchment or for plant
biodiversity and wildlife refuge; for so-called minor products such
as harvesting special mushrooms or resins; as well as pasture for
domestic animals.

� The need for consultation among different groups of range users.
Rangelands are multipurpose areas and there may be different
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groups competing even for the same use. This is especially true for
key resources such as low-lying seasonally inundated areas, where
mobile pastoralists and sedentary agro-pastoralists want to graze
their animals. Consultation and agreements can create a ‘win–win’
situation, and such consultative processes can be initiated and
supported by projects (Sommerhalter and von Lossau, 1999).
However, building up contacts and confidence between different
groups can be time-consuming. This approach, therefore, should be
attempted only if projects are ensured of a sufficiently long period
of funding to give a realistic chance of establishing relations
so firmly that they can continue even without project support. As
conflicts between different user groups are inevitable, conflict
management is an important part of this consultative process.
Long-term commitment has already been achieved by some
agencies. Although each project phase may be only 2 or 3 years
long, the projects of some donors last for 20 years or longer (Turk,
1999). As with other development projects, care should be taken
that the procedure for project evaluation and future planning
does not interrupt funding, causing temporary cessation of the
activities.

� The need for institutional and human development. The success of
participatory development efforts, and of projects in general,
depends to a large extent on the existence of appropriate partners.
Including a component of staff training and further qualification of
staff in the project design has proved to be very beneficial (Turk,
1999). However, it becomes increasingly clear that appropriate
training of producers (e.g. in accounting, or auditing of activities)
is crucial for the sustainability of project measures. Official
administrative structures in rangeland areas are often poorly
developed and, with some justification, regarded as inefficient,
while traditional structures have often been eroded and are no
longer functioning. Some projects have therefore tried to set up
new structures without ensuring links with existing ones. Often, as
a result, the new structures no longer have the means to function
properly after the end of the project (de Haan, 1999). The reasons
for the poor sustainability of project-induced structures should
be examined in greater depth so that donors, governments and
pastoralists can avoid repeating mistakes and can develop more
sustainable institutions for managing the range.

Future Challenges

The challenges for the future faced by international funding agencies
concerned with the rangelands will include:
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� Valuing the contribution of rangelands to global ecology and
economics. There are strong indications that demand for food from
animal sources will increase strongly over the next few decades
(Turk, 1999). It has been estimated that, by 2020, demand for milk
and meat will increase annually by 3.3% and 2.8%, respectively.
However, the off-take from grazing systems has increased by only
0.4% year−1 (de Haan, 1999) and it is doubtful whether this modest
increase in production from rangelands can be sustained. On the
other hand, rangelands occupy the larger part of the earth’s
land surface. Le Gall (1999) estimates that one-third of the earth’s
productive surface are dry rangelands and their ecological role
should be better appreciated. Carbon sequestration is only a
starting point to valuing the contribution of rangelands to global
ecology and economics. Other important issues are maintenance of
the diversity of flora and fauna, hydrological cycles and cultural
values. This will remain an important challenge on the conceptual
level for years to come. It may be more important to safeguard the
rangeland’s existing productivity and functions rather than to
increase animal production.

� Gaining a better understanding of drought and developing
strategies for preparedness. A key characteristic of rangelands is
the spatial and temporal variability of vegetative production and
access. Successful pastoralists have developed coping strategies,
which may include conservative stocking, trying to develop large
enterprises which can survive shocks, seasonal or opportunistic
movements of their herds, associations with crop farmers in
better-endowed areas, and appropriate livestock marketing strate-
gies. There is some evidence that the apparent increase in drought
frequency is not so much a meteorological phenomenon, but is
linked to a more intensive utilization of grazing resources and to
an erosion of traditional strategies to cope with environmental
variability. Although there has been, in recent years, a significant
increase in scientific knowledge with respect to early-warning
systems before drought, food aid during drought and restocking
after drought, government and international donor assistance still
includes provision of subsidized or free feed. This can contribute to
overstocking and pasture degradation, thus aggravating the effects
of droughts as well as increasing their frequencies.

� Supporting diversification of income and employment. A diverse
portfolio of household income is an important way of reducing
the risks in semi-arid and arid rangelands. This is frequently
sought through shopkeeping and trade in town, crop farming and
investing in real estate in towns and villages. It is an open question
whether investment by traders and farmers in the pastoral sphere is
desirable or not. It is, after all, one means of diversification.

216 W. Bayer and P. Sloane

232
Z:\Customer\CABI\A4241 - grice\A4334 - Grice - Global Rangelands #C.vp
Wednesday, June 19, 2002 10:42:47 AM

Color profile: Disabled
Composite  150 lpi at 45 degrees



Supporting diversification is an important element in poverty
alleviation. In many situations where animal and land resources
are limited, providing support to diversify sources of income can
facilitate the exit of part of the population from the pastoral sphere.
As many pastoral enterprises operate close to the poverty line,
developing alternative sources of income and supporting the peo-
ple’s own efforts in this direction should have high priority. This
will also help to reduce dependencies and pressures on rangelands.

The search for alternative occupations and employment should
include attention to diversification of rangeland products (resins,
medicinal plants, mushrooms) and ecotourism, which is often
integrated with wildlife tourism (Reynolds et al., 1999). Possibil-
ities of paying pastoralists for ecological services (maintenance of
biodiversity, carbon sequestration) should be explored. For these
services, appropriate benefit sharing and monitoring are crucial,
and ways should be sought to avoid the corruption that often
accompanies subsidies.

� Better incorporation of pastoralists in the consultative process on
rangeland use. There is a global decline in social cohesion at
the higher levels of pastoral organization. Traditional institutions
are eroding and pastoral organization is becoming fragmented,
while the importance of families and small groups as the main
decision-making units is increasing. This, together with the
necessity to move, weakens the input of pastoral peoples in consul-
tations regarding natural resource management (NRM). Urban
dwellers and crop farmers are often much better represented in
these consultations and this bias can accelerate the erosion of
pastoral land use. Special efforts are therefore necessary to
strengthen the representation of pastoral people in the consultative
process. Finding true representatives of pastoral peoples may
already be a difficult task. Pastoral associations are assuming
an increasingly important role, but often commercial and social
problems are confounded by too many NGOs and donors. There is
still a long way to go in sensitizing government with respect to the
need to support pastoral institutions and empower herders as a
cost-effective way of improving NRM.

� Maintaining adequate access to land, water and key resources.
Increasing human population pressure in rangelands leads to an
increased use of higher-potential areas (run-on areas, river valleys,
etc.) for cropping. As many crop farmers are also livestock keepers,
the areas surrounding croplands are often heavily grazed on a
year-round basis. This process can undermine the viability of
pastoral systems, especially where it leads to more difficult access
to water by mobile herds. Problems of access are exacerbated by
land-titling projects, which, by their very nature, favour sedentary
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over mobile land use. As these higher-potential areas are crucial to
pastoralists for coping with seasonal variations and droughts,
changing the use of land in a small (but key) area can make the
exploitation of significant areas of upland range more difficult, if
not impossible. This can reduce livestock production in rangeland
areas and, as a result, lower the human-support capacity of the
land. Concerted efforts are necessary to preserve adequate access to
crucial key resources and to improve the awareness of political
decision-makers with respect to the special resource-access needs
of mobile pastoral production systems in the dry rangelands.
Although there are some reasonably successful projects in this
respect (cf. Sommerhalter and von Lossau, 1999), this remains a
critical challenge in pastoral development efforts.

� Ensuring access to key services. The vast extent of rangelands and
the low density of human population pose special problems with
regard to provision of services such as water supply, animal and
human health care, education or law enforcement. Some services
supported by funding agencies rely on para-professionals and
user groups working on a private-sector basis. While some such
initiatives have produced good results, the sustainability of these
systems is still unclear (de Haan, 1999). In countries with high rates
of inflation (e.g. Sudan), it is uncertain whether the veterinary
medical supplies can be replaced. Staff levels can fluctuate when
the local people, once trained, opt to work in urban rather than
rural areas. Women have a greater tendency to stay in the rural
areas, but household duties and tradition may make it difficult for
them to attend training courses outside their immediate home area.
If water-points are mechanized (e.g. at deep bores which, in some
areas, are the only reliable source of usable water), obtaining spare
parts for pumps and tubes for the wells can be a major problem
which exceeds the financial capacity of a small community.
Provision of adequate education, which is a crucial element to
ensure better integration of the pastoral population in the consulta-
tive process related to NRM, remains a challenge with respect to
both the curriculum and the system of education.

� Creating a favourable political climate for NRM projects on
national and international level. This is an important prerequisite
for successful NRM, but can be influenced only indirectly by
the main funding agencies. Nevertheless, there have been some
successes. On the international level, the convention for combating
desertification, the convention for biodiversity and the Kyoto
protocol are some milestones which, although far from being
perfect, can give a framework for meaningful NRM programmes. On
the other hand, the World Trade Organization agreement has
created additional pressures by liberalizing markets. This makes it
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more difficult to implement payment for ecological services and to
maintain some ecological standards in products. Donor agencies
and governments in developing countries should work together to
use their influence at least to minimize the potentially negative
effects of so-called free markets on marketing of rangeland
products.

The use of rangelands still provides considerable conceptual
difficulties for land-use planners and policy-makers. It exploits natural
processes rather than attempting to control them, as is the case in
cropping or intensive animal husbandry. It favours flexible and
communal land rights rather than private land tenure and it requires
some ‘fuzzy logic’ and site-specific investigation and planning.
Although we have already travelled a long way from the top-down
transfer-of-technology type of range development project of the 1960s,
there is still a great deal of conceptual work to be done. This includes:

� reaching agreement on appropriate and universally accepted
definitions and classifications of rangelands;

� gaining a better understanding of the capabilities and limitations of
rangeland productivity;

� economic assessment of different range uses, and of
complementarities and trade-offs between these uses; and

� development of appropriate institutions for range management and
for providing services.
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17Policies, Planning and
Institutions for Sustainable
Resource Use: a Participatory
Approach

Nick Abel, Mukii Gachugu, Art Langston,
David Freudenberger, Mark Howden and
Steve Marsden

Introduction

The aim of this chapter is to describe a participatory approach to policy
making for rangelands. It was demonstrated in a workshop at the VI
International Rangelands Congress (IRC) (Eldridge and Freudenberger,
1999). Our intended audiences are rangeland users, public servants,
interest groups and politicians. Our method is one of many possible
approaches (IDS, 1998). We begin by discussing the reasons why
participation matters in policy-making, before describing our method.
Next we discuss some of the proposals for changes to policies
advocated by participants in role-plays used during the VI IRC. We
conclude by discussing the potential and limitations of our workshop
demonstration, and of participatory approaches applied in reality.

Why a Participatory Approach?

Changes to policies and institutions are generally made by politicians
and public servants, influenced by pressures from voters, interest groups
and providers of resources to political parties (Abel, 1999). The relative
importance of these influences varies between countries. Interpretation
of the role of stakeholders in this process depends on social theory. To
Marxists, who see capitalist society as being fundamentally in conflict,
participation is an appeasement of exploited groups. It postpones the
structural changes required to resolve conflicts (Dahrendorf, 1959).

CAB International 2002. Global Rangelands: Progress and Prospects
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Others see society as fundamentally cooperative (Parsons, 1951), and
policy-making and institution building as a technical–bureaucratic
process in which participation is unnecessary. A third view is that
society comprises groups with differing values that pursue their own
interests, but form allegiances with other groups with whom they share
goals and values – conflict and cooperation both occur (Dahrendorf,
1967; Dale and Bellamy, 1998). Acceptance of the third view is implicit
in the approach we are advocating. A framework for understanding the
underlying political–economic processes is discussed by Godden (1997).

We contend that opportunities for enhancing the sustainability of
rangelands through policy and institutional changes are commonly not
recognized or taken. One reason is that politicians and public servants
tend to follow Parsons, and behave as if society is fundamentally
cooperative. They promote a ‘command and control’ approach to pol-
icy formation (Gunderson et al., 1995). Decision-making is centralized,
with little feedback to policy-makers about the social, economic and
ecological effects of policy implementation. The lack of feedback has
four consequences. First, local knowledge, a rich source of technical
and social information, is ignored. Second, potential ‘win–win’
solutions to sustainability problems – that is, solutions that make all
parties to a dispute better off – may go unnoticed. Third, policies and
institutions do not adapt to changing local circumstances (Dovers and
Dore, 1999). Fourth, even though politicians and public servants may
be able to make policy and institutional changes without local partici-
pation, local rangeland users are likely to subvert or ignore measures
they do not support, making implementation expensive or unfeasible.
Thus, although politicians and public servants are usually more power-
ful than local rangeland users, it is still in their interests to develop
policy and institutional proposals in a participatory way. In general, we
expect the benefits of participation for a region to exceed the costs.

Having accepted the need for participation, we are faced with
another major barrier to communication and understanding. It is the
differences in ‘mental models’ between individuals and groups. Theory
holds that a human brain is unable to process and organize incoming
information in an unstructured way. Instead it filters and reorganizes
information selectively, in accordance with a structured mental model.
During the process we tend to shed information that contradicts our
mental models, and accept that which confirms it (Mackay, 1994; Abel
et al., 1998).

To understand the viewpoint of another person, one needs to
understand their mental model, though without necessarily agreeing
with it (Kelly, 1955). This chapter discusses a method for improving
the mutual understanding of mental models, and for developing
proposals for policy and institutional change that potentially integrate
differing views. We accept that past conflicts may delay cooperation,

222 N. Abel et al.
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sometimes for decades or more, but assert that win–win opportunities
often exist and can be identified and implemented eventually. Before
describing an approach for identifying such opportunities, we need
some definitions.

Some Definitions

We define ‘institution’ as sets of perennial rules (laws, for example) and
the organizations that implement them. These organizations may also
implement policies, which are designed to achieve shorter-term goals.
We advocate a participatory approach that involves stakeholders in the
establishment and modification of policies and institutions to enhance
the sustainability of rangeland regions (Abel, 1999). A ‘sustainable
region’ is one where social, economic and ecological systems persist in
the long term (Gunderson et al., 1995). A ‘participatory approach’ is
one in which stakeholders are directly involved in the formation and
evaluation of proposals for changing policies and institutions, and their
involvement affects content.

Method

At the VI IRC, a demonstration was designed to reflect the participatory
method, and so was itself participatory. Our method was developed
during a participatory research and development project (Abel et al.,
1997; Abel, 1999). The demonstration workshop was based on
role-play and policy analyses set in two rangeland regions. Both are
imaginary and simplified to the level of caricature because we could
not address the complexity of actual rangeland regions in the time
available. One imaginary region was in a ‘developing country’, the
other in an industrialized one. Both are subject to similar global
forces, which were outlined to participants (Box 17.1). Participants

Policies, Planning and Institutions for Sustainable Resource Use 223

Box 17.1. Global forces affecting rangeland regions.

Global markets have penetrated economies in both countries, and transnational
corporations are increasingly powerful. National governments seek capital from
overseas to promote economic growth and reduce unemployment. In return
transnational corporations, such as the tourism industry, expect freedom to export
profits, and the provision of infrastructure and services, otherwise they withhold
investments. International conservation groups put pressure on national govern-
ments to further their aims for conserving wildlife. They sometimes use interna-
tional media to do this – governments are sensitive to reports that might influence
investments in general, and the tourist industry in particular.
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were also given more detailed information on the industrialized
country (Box 17.2) and the developing country (Box 17.3). Participants
were divided into four groups with three sub-groups in each, as shown
in Table 17.1.

All participants received a land-use map of the region (not
included here). In addition, representatives of each category of
sub-group received a briefing note specific to their role. Participants
did not see the briefing notes for sub-groups they did not represent.
Participants representing one sub-group thus had limited understand-
ing of the ‘mental models’ of those in other sub-groups. The
briefing notes in Box 17.4, the map, and Figs 17.1 and 17.2 were given
to participants in sub-groups representing the politician and advisers
in the developing country. Sub-groups representing pastoral stake-
holders in the developing country were given the briefing note in Box

224 N. Abel et al.

Box 17.2. Industrialized country.

A democratically elected government depends on electoral support from
pastoralists for reliable re-election. However, as the rural population is only 10%
of the total and declining, government cannot afford to alienate dominant urban
interests, or it will definitely lose elections. One of its priorities is maintenance of
regional economies and services in the face of a declining pastoral industry.
The decline is caused by increasing costs of production and declining prices
for pastoral products. A related priority is the promotion of nature conservation
to support a growing tourist industry and satisfy pressure from urban conserva-
tionists. More land is therefore needed for national parks.

The tourism industry, conservationists and pastoralists are the stakeholder
groups. Tourism is owned mostly by international capital. The industry has a
strong influence on government policies through urban and rural investment and
job creation. Outside cities and away from beaches, it depends on abundant,
tame wildlife and ‘wilderness’. National conservationists are city-based. They are
able to influence government policies through the media, government being
sensitive to the effects a ‘bad press’ will have on votes and international tourism.

Our pastoral stakeholders live in a region of 100,000 km2 where rainfall is
low and unreliable; 4% of the region is national park, 5% opportunistic rainfed
cropping, the rest is grazed by livestock and wildlife. Pastoral use affects some
native plants and animals adversely – the higher the stocking rate, the greater the
effect. Some wild herbivores benefit, however, from the provision of water for
stock. They compete with livestock during droughts. Pastoralists grow wool and
beef on fenced ranches watered from boreholes. They grow crops when and
where soil moisture permits. They stock heavily when in debt, and to pay school
fees. Stocking density decreases with size of landholding. The pressure to stock
heavily increases as prices for pastoral products fall. Pastoral land is owned by the
nation, and leased by pastoralists.

Pastoralists need health, banking and other services, and infrastructure.
These are declining in parallel with declines in population and regional wealth.
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17.5, the map, and Fig. 17.1. Those representing tourist industry stake-
holders in the developing country received a map, Fig. 17.2, and the
briefing note in Box 17.6. Comparable information was given to groups
representing the industrialized country. Participants came from a vari-
ety of nations and backgrounds. These were not necessarily reflected in
the roles they played.

Each sub-group developed an influence diagram to represent the
mental model of the stakeholder group or politician it represented.
Those representing pastoralists answered the question: ‘What factors
affect the welfare of my group?’ The tourism industry representatives
identified factors that affected the commercial viability of this industry.
Conservationists showed the influences affecting the conservation
of wild species and ecological communities. Representatives of
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Box 17.3. Developing country (this information is expanded in Boxes
17.4–17.6).

The government of the developing country is democratically elected. Ethnic
allegiance to candidates is important. Government depends on electoral support
from pastoralists in the rangeland region for re-election, but it risks losing
elections if it alienates the urban electorate by not providing jobs. Policy priorities
are related to the fact that the national population is large and growing, distrib-
uted at present equally between rural and urban areas, but with migration to
towns putting pressure on infrastructure, services and employment.

The rangeland region in the developing country is 10,000 km2 and has a
sparse and variable rainfall. The interests of its inhabitants are represented by
a Member of Parliament. The main stakeholder groups are pastoralists and the
tourism industry.

Type of country Group Sub-groups

Developing

Industrialized

1

2

3

4

Politician and
advisers

Politician and
advisers

Politician and
advisers

Politician and
advisers

Tourism business

Tourism business

Conservationists

Conservationists

Pastoralists

Pastoralists

Pastoralists

Pastoralists

Notes:
‘Pastoralists’ in the industrialized country are also known as ranchers.
1 and 2 are a replicate pair, as are 3 and 4. They were formed to keep the
number of participants to a manageable level.

Table 17.1. Division of participants into sub-groups.
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politicians and advisers answered the question: ‘What factors affect my
chances of re-election?’ Members of the political sub-groups were
encouraged to join other sub-groups and learn about the mental models
of their stakeholders. Other sub-groups did not mingle while influence
diagrams were being constructed.
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Box 17.4. Politician and advisers in the developing country.

Your Government depends on electoral support from pastoralists in the rangeland
region for re-election, but it risks losing elections if it alienates the urban
electorate. Policy priorities of government include:

� more land for wildlife, to support the tourism industry;
� beef production, to export for foreign exchange to buy imports for the urban

élite, and to feed towns;
� job creation;
� regional economic growth to reduce rural–urban migration;
� increased primary health care;
� better nutrition;
� better education.

You want to do the best for your electorate. After all, you belong to the same
ethnic group, but you cannot do anything if you are not re-elected. Without
some support from the tourism operators your election campaign will suffer, and
one of your rivals has been making big promises to voters. You fear that the tourist
operators will withdraw from the region if their needs are not met. You believe it
may be possible to satisfy at least some of the requirements of your electors
and meet the needs of the tourism industry. Your advisers have supplied some
information on the region, summarized in Figs 17.1 and 17.2.
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Fig. 17.1. Regional pastoral trends: developing country.
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Fig. 17.2. Regional wildlife and tourism trends: developing country.

Box 17.5. Pastoralists in developing country.

You belong to a group of transhumant pastoralists. You are the main ethnic group
in a region of 10,000 km2. The only other people in your region are some govern-
ment employees, storekeepers, traders, tourism operators and their clients. Your
people are the traditional owners of the land. However, 50 years ago your people
were evicted from 3000 km2 to create a national park. Grazing is excluded from
this under the Wildlife Act. This apart, any member of your ethnic group has
access to grazing in the region, subject to seasonal restrictions.

Rainfall is low and unreliable. Water for livestock is accessible over the
region from wells dug in riverbeds. Under the institutions of your culture, uplands
with lighter soils are grazed during the wet seasons. Grazing on the clay plains is
reserved for the dry season. Traditionally, the main source of food for your people
has been milk from cattle. Sheep, goats and cattle also provide a little meat.
Animals are sold for cash or traded for grain at the one commercial market in the
only town. However, animals lose weight during the long walk to market, and
prices paid are therefore low, especially during drought, when the price of grain is
high. Your people would like to own more livestock, but periodic drought,
disease, the prevention of grazing in the national park and the need to sell animals
for cash prevents their increase. Some of your animals die from diseases you
attribute to wildlife. Large predators from the park also take some of your animals
and an occasional person.

As the human population increases, other sources of food are growing in
importance. Some crops are grown opportunistically on the plain when the
unreliable rainfall permits. You are often in conflict with the regional Soil Conser-
vation Officer over restrictions on ploughing the plain. Despite this, the increase
in the number of your people is causing cropland to spread, and there is growing
competition between cropping and the provision of dry season grazing. Wild
animals often destroy your crops and compete with your livestock at water holes.

Continued
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Figures 17.3–17.5 are influence diagrams from participants in
group one (Table 17.1). They represented politicians and advisers,
pastoralists and the tourism industry in a developing country.
Diagrams were constructed around the question addressed by each
group by listing factors affecting it, and grouping and prioritizing those
factors.

Figures 17.3–17.5 were copied during the session using the
decision support package Vensim (Ventana, 1998). They were
slightly edited subsequently to remove repetitions and add clarity.
Influence diagrams can be developed in Vensim into quantified simula-
tion models (Walker et al., 1999). That was not appropriate for this
exercise.
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Box 17.5. Continued

However, hunting of wildlife is another source of food and cash. Most
animals are killed in the national park because they are easier to hunt there, and
snares can be left without endangering livestock. From time to time, members
of your group are convicted of poaching and jailed. In spite of all the ways your
people have adapted, more and more children are being taken ill from lack of
food, and there are insufficient clinics to treat them.

Your Member of Parliament was born in this region. He needs your votes if
he is to maintain his seat. You often tell him of your many complaints, and expect
some action in return for your loyalty.

Box 17.6. Tourism industry in developing country.

You represent an international company with activities in a number of countries.
Your main aim is to maintain commercial viability in a competitive industry. You
have won and so far kept the exclusive right to bring tourists to this world-famous
national park. You contribute to the election funds of the local Member of
Parliament. Your clients expect to see calm wild animals at high densities. A few
regular visitors have complained about the apparent decline in some species
(Fig. 17.2), and this is supported by aerial survey data. Most animals in the park
are migratory, and they must pass through land that is not yet designated as
national park. Here they catch diseases from livestock, are harassed at water holes
and many are killed or wounded. There have been a number of embarrassing
incidents lately where animals wounded by poachers have attacked tourist
vehicles. You believe the troublesome pastoralists should be moved and the
national park extended. The problem is made worse by the reluctance of govern-
ment to commit funds to tourist roads in the park so more tourists can be brought
in. Your company has threatened to withdraw investments from this country if
their commercial needs are not met, and go where governments enforce the law
rigorously and support economic development.
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Proposals for Changes in Policies and Institutions

Once the mental models of stakeholders and politicians were con-
structed by the sub-groups, the groups re-formed (Table 17.1) and
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Fig. 17.3. Mental model of pastoralists: developing country.
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Fig. 17.4. Mental model of tourism industry: developing country.
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sub-groups learned about each others’ models. Each group then
constructed a table of proposed changes to policies and institutions.
Table 17.2 is an example.

The demonstration workshop proved too short to develop these
proposals. Sub-groups would in real circumstances be given the oppor-
tunity to respond to proposals from other sub-groups and suggest
changes. In Table 17.2, column three, we have added contributions to
show how we had expected the process to work, with examples of
potential win–win solutions identified in bold.

For illustrative purposes we have developed one proposal a
little further. The example is the politician’s response to proposal 5:
establishment of buffer areas around the park where hunting is
permitted, but livestock excluded. Elements of proposals 4 (making
better use of the local knowledge base), 6 (roads that serve both
stakeholder groups) and 7 (a collaborative tourism venture) might be
combined in a scheme which brought mutual benefits and resolved
some of the resource use conflicts. We would advocate a participatory
approach to the development of these preliminary ideas.
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Fig. 17.5. Mental model of politician and advisers: developing country.
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Examples of proposed policy
and institutional change Proponent

Response to the proposal
by other sub-groups Respondent

1. Redefine park boundaries
to reduce area and give
access by livestock to key
areas.

2. Give long-term
compensation to
pastoralists for loss of
traditional resource use
rights.

3. Chief of the pastoralists
stands for president.

4. Make better use of our
local knowledge base.

5. Redefine park boundaries
to increase the area and
take in more areas with
good wildlife habitat.

6. Extend and improve roads.

7. Develop a collaborative
tourism venture involving
ourselves and the
pastoralists. It would
include training, jobs and
a share of profits, in
exchange for ending
poaching, keeping

P

P

P

P

T

T

T

Not in the interests of regional
economic development.

Devastating effects on wildlife,
which is a national heritage.

Good idea. The ex-colonial
government and the tourism
industry could contribute to
a fund.

Good idea. The present
government should pay.

He would not represent
interests of the region as
well as the incumbent.

He would not represent
national economic interests.

Good idea. We could set up
a three-way discussion
group.

Good idea. We could teach
pastoralists about the
evils of poaching.

We would vote for a different
candidate, hunt more and
drive our livestock very
slowly along tourist roads.

We might instead establish
buffer areas around the
Park where hunting is
permitted, but livestock
excluded.

Good idea, but make sure
they connect our
settlements to the town and
do not go near the National
Park.

Perhaps roads can serve
both pastoralists and
tourism.

We would manage it and
allow the tourism industry to
participate.

Good idea – please fund a
workshop to develop the
idea and build support
among pastoralists.

M

T

M

T

M

T

M

T

P

M

P

M

P

M

Continued

Table 17.2. Examples of policy proposals from a developing country group.
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Potential and Limitations of the Approach

Next we discuss the potential and limitations of this participatory
approach first as a learning tool for policy-makers, then as a method
applied in a real region. Key points are shown in italic below.

The role-play approach is a cost-effective way of giving experiences
of resource use conflicts and differing perceptions to policy-makers,
without inflicting harm on real people and ecosystems. Figures
17.3–17.5 show stark differences between mental models. Of course
differences were contrived by providing different information to
sub-groups, but the process emphasizes to participants how the same
issue can be interpreted in very different ways by protagonists in a
resource use dispute. In terms of psychological theory, it provides
an experience from which policy-makers are likely to learn more
effectively than from, for example, reading or being told about it
(Mackay, 1994).

We use a participatory approach to capture and share the mental
models of actual stakeholders and policy-makers in a rangeland

232 N. Abel et al.

Examples of proposed policy
and institutional change Proponent

Response to the proposal
by other sub-groups Respondent

livestock out of the Park,
and allowing wildlife to
migrate freely.

8. Provide incentives for
agricultural production and
marketing, and for other
local businesses, including
tourism.

9. Devolve rights over local
resources to local people.

M

M

We especially support
incentives for tourism. We
have just been offered an
incentive by a neighbouring
country to move our
operation over there.

We especially support
incentives for keeping
cattle.

Not in our interests. We would
take up the incentive
offered by a neighbouring
country to move our
operation there.

Good idea – please fund a
workshop to develop the
idea in consultation with us.

T

P

T

P

Key: M = politician and advisers; P = pastoralists; T = tourism industry; bold
text = potential win–win.

Table 17.2. Continued.
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region in New South Wales, Australia (Abel et al., 1997; Abel, 1999).
Our project runs for four years, participants have worked with us
from the outset, they are already familiar with the region, and they
handle complex information in a series of progressive workshops. The
exercise at the VI IRC took 4 hours, participants had not met before,
they had no regional knowledge in common, and there was only a
single session. The roles played by participants and the circumstances
in which they acted were necessarily highly simplified compared with
those in a real rangeland region. This could be misleading. We
assumed, for example, that the sub-groups are internally homogeneous.
Clearly, this is incorrect in reality, given differences in gender, age,
wealth and power. Likewise, we simplified societies, economies and
ecosystems. If a participatory approach is used to address real policy
and institutional issues, time and information needs would be
expected to increase with the number of categories of stakeholder,
social, economic and ecological complexity, and types and levels
of resource use conflicts. We believe that in general the benefits of
participation will exceed the costs. Participation by representatives
of stakeholder groups is likely to be a prerequisite for successful
implementation of policies and institutional changes in rangeland
regions.
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18Economics and Ecology:
Working Together for Better
Policy

Nick Milham

Introduction

Looked at holistically, rangeland is a multiple-use resource. The most
cursory perusal of rangelands literature puts this point beyond ques-
tion. Bartlett et al. (1999) and Atkins et al. (1999), for example, between
them identify more than ten potential commercial and non-commercial
uses for rangelands, ranging from grazing of domesticated animals to
wood harvesting, mining, tourism and wildlife conservation. There are
many more when other aspects of the rangelands, such as water catch-
ment, cultural value and utilization as a pollution buffer/sink, are taken
into account.

The behaviour of individual range users around the world,
however, suggests that in practice, most people have a ‘unimodal’ view
of the rangelands. Rangeland is perceived from the perspective of the
principal benefit that the individual expects to derive from it, be it as
traditional grazing lands providing food, shelter and security for
generations past, present and future, or as a factor of production in a
profit-maximizing commercial enterprise, or as a complex natural
system supporting a vast diversity of life forms, or as a place to visit
for rest and recreation, or as simply the mantle over untold wealth
concealed in the geological formations beneath.

It appears that to the extent that other perspectives are appreciated,
they are by choice or of necessity subjugated to the pursuit of

CAB International 2002. Global Rangelands: Progress and Prospects
(eds A.C. Grice and K.C. Hodgkinson) 235

251
Z:\Customer\CABI\A4241 - grice\A4334 - Grice - Global Rangelands #C.vp
Wednesday, June 19, 2002 10:42:51 AM

Color profile: Disabled
Composite  150 lpi at 45 degrees



goals related to the primary interest of the individual (subsistence,
exploitation of mineral deposits, wildlife preservation, etc.). There
seem to be only few circumstances where persistent bi- or multi-
modality may be observed in private behaviour and typically these
are a result of the individual being indifferent between alternative
uses or where there is a strong degree of complementarity between
the alternatives (e.g. ecotourism and the preservation of habitat and
wildlife).

Governments, however, are responsible for the long-term welfare of
the community as a whole and therefore cannot focus solely on the
benefit any one particular group in the community may derive from
rangelands. Thus, a unimodal approach is inadequate for the purposes
of government. Rather, consideration must be given to and compro-
mises made between the entire range of current and possible uses of the
resources of the nation, including rangelands. This ‘public’ perspective
of the rangelands is captured succinctly in a recent joint statement by
Government Ministers in Australia:

Australia’s rangelands have important ecological significance, are an
important economic resource and have significant cultural and heritage
values for indigenous and non-indigenous Australians. The management
of the rangelands, now and into the future, is therefore of great interest
and consequence to the whole Australian community . . .

The challenge is to balance the diverse economic, cultural and
social needs of rangeland residents and users with the need to
maintain its natural resources and conserve our biological and
cultural heritage.

(Commonwealth of Australia, 1999)

The name of virtually any other nation with rangeland ecosystems
could be validly substituted for that of Australia in the above statement.
Governments around the world are struggling in a myriad ways
and with varying degrees of success, to grapple with the challenge
of how to manage rangelands to balance the interests of different
users so as to deliver the best overall outcome for their respective
nations, and the global community, both now and into the
future. Atkins et al. (1999), Bartlett et al. (1999), McCarthy and
Swallow (1999) and Wu and Richard (1999) provide illustrative
examples of this struggle.

The difficulty in pursuing a multi-modal approach is that
governments do so in the face of conflict between differing interest
groups, each attempting to ensure that their principal benefit is
maintained. The focus of this chapter is on the potential that is now
being realized to bring together the two disciplines of ecology and
economics to provide practical tools to assist governments to develop
policies that deal equitably and efficiently with the necessary
compromises inherent in rangeland management.
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Government Policy and the Rangelands

In essence, government policy is about intervening in the community
to achieve desired change and/or prevent undesired change. It is about
encouraging or maintaining (by inducement and/or penalty) certain
behaviour by certain citizens in order to achieve an outcome that is
considered desirable for the community at large. That is, government
policy is about influencing the way people utilize their resources and
the way they relate to each other (within and across state and national
boundaries) and their environment. Thus, in relation to rangelands,
governments around the world: regulate domesticated animal stocking
rates to reduce the likelihood of range degradation; subsidize the
establishment of human and animal watering points to broaden grazing
opportunities and support local communities; provide taxation
incentives to pastoralists to encourage early destocking at the onset of
drought; regulate land development to protect native flora and fauna
and biodiversity; require landholders to control pests and diseases,
feral animals and weeds; provide financial assistance to farmers to
sustain their families and businesses during temporary industry
downturns; and change land tenure arrangements for a gamut of
reasons.

Overlaying these interventions is the general policy environment of
taxation arrangements, interest rate and exchange rate management,
social welfare measures, industry and regional development
programmes, social reform, defence, international aid, environment
protection and wildlife and biodiversity conservation, food security,
protection of animal welfare, international trade, etc. While the
inhabitants and managers of rangelands therefore have a large number
of government policies and programmes seeking to influence their
behaviour and its impact on rangeland, governments around the world
tend not to have well defined ‘rangeland’ policies. This is understand-
able, however, because the interest of government is rarely in any
particular natural resource per se, but in the current and future
contribution of that resource to human society. Hence ‘rangeland’
policy commonly reflects a wide array of more general government
policy objectives.

These policy objectives are not always in accord, and their relative
priority may be different in different countries and regions within
countries and may vary over time. In addition, their potential impact
on rangeland managers may have initially been poorly estimated or
even totally overlooked. It is not surprising therefore that examples of
ineffective policy settings and even perverse programme outcomes
can be observed in rangeland regions around the world. Examples of
economic policies which inadequately account for environmental or
social impacts, and conservation policies which do not adequately
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ameliorate other private decision drivers (such as survival), are easy to
find.

As an example, in Australia, where government policy at all levels
is to encourage and assist early destocking at the onset of drought, a
number of programmes put in place to achieve this outcome have had
directly contrary affects on pastoral activity. One such programme
involved subsidies on freight costs for: (i) the transport of fodder and
water into droughted areas; and (ii) the transport of livestock away from
droughted areas and their return after the drought had broken. The
fodder and water subsidies assisted in keeping stock alive during
the drought, but had the very undesirable effect of maintaining
stock numbers, and thereby grazing pressure, on the range during a
vulnerable period. Moreover, the transport subsidies were not triggered
until a ‘dry spell’ was officially declared to be a drought, and it was
found that they provided an incentive for pastoralists to hold
stock pending availability of the subsidies, rather than destocking early
(Synapse Consulting, 1992; Worrell et al., 1998).

Similarly, as observed by McCarthy and Swallow (1999), while
governments recognize the benefits (sometimes necessity) of range
managers and inhabitants seeking cooperative solutions, many govern-
ment programmes have an objective of risk reduction of one form or
another. Sharing risk is a natural inducement to cooperate and work
collectively; reducing risk weakens this incentive and therefore puts
pressure on the administering institution to identify or ‘manufacture’
other incentives for cooperation.

Many commentators (e.g. Lunney et al., 1997; Wu and Richard,
1999) have highlighted the difficulty in formulating appropriate range-
land policy. The ‘barb in the tail’ of this problem is that, appropriate or
not, once a government policy is put in place it may be very difficult to
change or reverse. This chapter puts forward a vision for economists,
ecologists, range administrators and range users to implement a collab-
orative approach. The challenge is to think about the way the disci-
plines of economics and ecology, which have traditionally been seen to
be in conflict, can be used in concert to value-add to the information
available to policy-makers, thereby contributing to the development of
improved rangelands policy. As discussed in the following sections,
while substantial challenges remain, there is a heartening degree of
enthusiasm within these disciplinary areas and the policy arena for
cross-disciplinary approaches to policy advice and development.

Informed Policy Formulation

It is pertinent to make three general observations on the process of
government policy development:
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1. While political or other perceived imperatives sometimes dictate
policy formation in a virtual knowledge vacuum, the more usual
approach is for a policy proposal to receive some level of critical
evaluation before it is implemented. Thus, policy-makers need
information and expert advice to support their work, and the
information/advice they need may be drawn from a broad spectrum of
sources and disciplines. At this level, discipline-based advice may
have very limited value: the most useful advice will be that which
draws together information from all relevant fields into a coherent
framework.
2. Policy-makers commonly ask the question: ‘If we do such and such,
what will happen?’ That is, they want information/advice presented
to them which has some capacity to predict the likely outcome of
proposed, and alternative, policy settings.
3. Economic objectives of governments frequently take primacy
over ecological objectives, and ecological objectives are commonly
established within economic constraints (see, for example, Lynam and
Dangerfield, 1999; Pannell, 1999). Government intervention is never
costless and no government has an unlimited budget. Moreover, the
costs and benefits of such intervention are commonly distributed
differently throughout the community and over time, and government
members and officials are always conscious of these distributional
effects and the relative balance of the community approbation and ire
they may subsequently experience.

Implications for Range Ecologists and Economists

Although derived from a common linguistic root, ecology and economics
are widely varying and often conflicting disciplines, each with temporal
and spatial frameworks that seem to preclude the concerns of the other.
This conflict becomes an important consideration in environmental
management for which economic and political time frames and spatial
boundaries are usually too short and too small to accommodate the
dimensions of entire ecosystems and evolutionary time.

(Lunney et al., 1997)

There is no doubt that ecologists and economists look at the world
through different eyes, and the evidence of history is that these differ-
ing views have frequently led to conflict between the professions, with
both sides on occasion belittling the other. The truth of the matter is
that neither discipline, as traditionally practised, can claim to provide
in all circumstances the perfect foundation for rangeland policy devel-
opment. Rather, both have knowledge and insights to offer and the
development of sound rangeland policy depends on contributions from
both fields.
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Recognition of this has seen an increasing spirit of cooperation
between practitioners and, as part of the more general push for
multidisciplinary approaches, the development of the quasi-discipline
of ‘ecological economics’. From a ‘public’ perspective, both ecology
and economics have uses and limitations in negotiating compromise
situations. Ecological economics seeks to overcome at least some of
these limitations by utilizing the two disciplines in concert.

Ecological economics addresses the relationships between ecosystems
and economic systems in the broadest sense. These relationships are the
locus of many of our most pressing current problems (i.e., sustainability,
acid rain, global warming, species extinction, wealth distribution), but
they are not well covered by any existing discipline. Environmental and
resource economics, as it is currently practiced, covers only the applica-
tion of neo-classical economics to environmental and resource problems.
Ecology, as it is currently practiced, sometimes deals with human
impacts on ecosystems, but the more common tendency is to stick to
‘natural’ systems. Ecological economics aims to extend these modest
areas of overlap.

(Costanza, 1989)

These ideals were expressed more than 10 years ago, but how far
have we actually come since then? The evidence suggests that, perhaps
as a function of necessity, reasonable progress has been made. A brief
review of some recent literature illustrates the diversity of possibilities
and advantages in a multidisciplinary approach to exploring issues
such as the interplay between private decisions on range utilization,
the state of range ecosystems, and government policy settings. (In
this regard, it is relevant to note that ecological economics and
eco-ecological modelling techniques are a component part of the even
more holistic, complex adaptive systems approach; see, for example,
Abel, 1999.) For example:

� Perrings and Walker (1999) used a sophisticated economic model
to examine the relative importance of factors influencing private
decisions to conserve native flora and fauna in semi-arid savannas
in central and southern Africa. The model, which derives from an
economic paradigm but incorporates ecological variables and rela-
tionships, is predictive and clearly shows how government policy
can influence the relative ‘values’ of the private incentives to either
conserve natural flora and fauna or to graze more heavily.

� Nature conservation has, in fact, been a major practical application
of eco-ecological modelling, with writers such as Lehane (1999),
who describes an application in relation to elephants in China, and
Alexander and Shields (1999) and Lunney et al. (1997) further
exploring its practical application in conservation policy.
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� McCarthy and Swallow (1999) explored the impact of spatial and
temporal production risk on property rights and consequently the
effectiveness of range management policies and administering
institutions in sub-Saharan Africa; and

� Atkins et al. (1999) and Bartlett et al. (1999) each described quite
different practical approaches used by government (in Western
Australia and the US, respectively) to identify and attempt to
manage the demands for multiple use of rangeland resources.
These approaches, including those used by others, such as
Cameron (1997), have sought to combine the insights into human
and institutional behaviour provided by a number of disciplines, to
lead to better policy outcomes.

Many would agree, however, that there is still an underlying feeling
that, to some extent, cross-disciplinary cooperation between econo-
mists and ecologists is happening under sufferance. This tension can be
a problem if it is allowed to interfere with progress, but it can also be
put to considerable advantage. The challenge of responding positively
to constructive criticism prevents unthinking acceptance of the mores
of your own discipline and encourages professional growth and
development. The innovative thinking underlying models such as
those developed by Perrings and Walker (1999) and McCarthy
and Swallow (1999) demonstrates the benefits to be gained by both
professions from multidisciplinary cooperation. These benefits then
flow on to policy-makers through better knowledge and advice. Equally
importantly, these two papers demonstrate the power of predictive
multidisciplinary approaches in: (i) providing a framework for identi-
fying where individual professions fit into the bigger picture; and,
by capturing competing objectives, (ii) indicating priority areas for
targeting economic and scientific research and policy reform effort,
which intuitively has strong potential to influence policy-makers by
translating policy proposals into likely outcomes.

In summary, one of the principal challenges for rangeland
professionals is to maintain perspective, to keep an eye on the ‘big
picture’ and where personal endeavours and individual disciplines fit
into it, and not to be totally immersed in the detail of the specific task at
hand. This is not a trivial issue: even with the best of intentions, the
challenge of being non-reductionist is a difficult one, not least because
of institutional factors such as professional training and reward
systems that tend to be discipline-focused and favour ever narrowing
specialization. It must be appreciated, however, that in the develop-
ment of rangeland policy, technical excellence at the disciplinary level
is the means to an end (securing the long-term future of the rangelands
and rangeland communities) not an end in itself.
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A further challenge, particularly to the research community, is to
(as far as possible) design projects so as to generate data which provide
insight into predictive relationships. As noted above, understandably
enough, policy-makers and administrators have considerable interest
in the ‘What ifs?’ of alternative policy settings.

Challenges For Policy-makers

The foregoing observations highlight a number of challenges for
government policy-makers, policy advisers and the administrators of
government programmes impacting on rangelands and range communi-
ties. The first of these is to recognize and appreciate that management
of rangelands inherently involves compromise between competing uses
and objectives, none of which necessarily have any pre-ordained right
to dominate. To enable the merits of alternative policy proposals to be
objectively evaluated (both ex ante and ex post), government policy
objectives should be explicit and transparent.

Second, it is essential that the makers of rangeland policy be alert
to the broader policy environment and how it impacts on the rangeland
managers that they are trying to influence. Regardless of the basis or
purpose for which rangeland policies (and other policies which impact
on rangelands) are formulated, they often have multiple impacts:
ecological, economic and social.

These two points emphasize the need to ensure that rangeland
policy is well-informed and soundly based on knowledge and practical
experience of rangeland environments and the communities within
them. The search and assessment process in policy formulation
therefore requires appreciation of all sources of information and all
points of view. There is also an obvious need for policy-makers
and administrators to avoid the trap of relying on convention, to be
flexible and, where appropriate and politically feasible, prepared to try
innovative approaches to policy and procedures. The challenge of
building a sustainable future for rangelands requires policy-makers,
advisers and range professionals to be lateral thinkers, receptive to
new ideas.

The final message is a general warning to government to be prudent
and cautious in establishing rangeland policy. There is much yet to be
learned about rangelands and the consequences of even apparently
minor policy decisions can be pervasive and long-lasting, and may be
very difficult – politically, socially and environmentally – to reverse.
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Concluding Comment on Implications for Range Users

The emphasis of this chapter is at the level of government policy
development and professional input to that process. There are, how-
ever, a number of obvious implications for range users. Key points in
this regard are that particular groups of range users, e.g. pastoralists,
conservationists, miners, etc.:

� must be aware of the policy-making process and have a degree
of familiarity with the relevant parts of government (institutions,
Ministers, etc.);

� should ensure these parts of government are well informed on their
interests so that those interests can be given due consideration in
the policy development process; and

� should be aware of and be able to advise policy-makers on
conflicts, complementarities and possible compromises between
their preferred use and potential competing uses of the range.

Disclaimer

The views expressed in this chapter are those of the author and
do not necessarily reflect the policy of NSW Agriculture or the NSW
Government.
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19Building the Future: Practical
Challenges

Joe Kotsokoane

The Aims of Development

Development is about people, not things. Whether we are academics,
bureaucrats or ordinary workers, the purpose of our development
efforts is, in fact, to empower people. We want to give individuals and
communities the capacity and capabilities to take charge of their own
lives; that is, to become self-reliant. Unless we achieve that objective
we are in danger of failing to achieve the real purpose of development.
This is a big problem in Africa and in many other parts of the develop-
ing world. People lack the skills, and the knowledge acquired through
formal and non-formal education, to be able to take responsibility for
themselves, to sustainably exploit the resource base and to understand
the effects and complexity of climate. The international community,
under the auspices of numerous development agencies, has failed to
eliminate poverty in the so-called Third World. Fifty years ago the
purpose of development was to eliminate poverty. However, poverty
around the world is now worse than it has ever been before. Many
developing countries are worse off than they were half a century ago
and the reason is not hard to find. It is the failure to develop capacity,
capability and self-reliance. Too much aid has been directed to
short-term economic objectives (which are seldom achieved) instead
of long-term human resource development. Our focus should be on
human resource development.
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African Agriculture

We seldom ask how we as agriculturalists fit into the development
scenario. At a recent seminar in Johannesburg, organized by FAO and
the Netherlands government and supported by the International Fund
for Agricultural Development (IFAD), we asked what, in fact, is agricul-
ture and what are its functions. Agriculture, of which rangeland science
is a discipline, operates in a complex environment, encompassing
political, economic and social issues. Considering the numerous
linkages of this sector, from production through to utilization, its
contribution to gross domestic product (GDP) is often underestimated.
In any case, inadequate or poor records in developing countries seldom
reflect the true state of affairs. In South Africa, economists usually say
agriculture contributes only about 5% to the GDP; that is, not nearly as
much as manufacturing or mining. They forget that, particularly in
developing countries, there is a lot of information about agriculture
that is not included in the calculation of GDP. How does one collect
and collate reliable statistics about all the activities associated with
agriculture? According to IFAD, these include food security, policies
and institutions, economic development, poverty reduction in equity,
social cohesion, environmental restoration protection and enhance-
ment, science, technology and knowledge, and management of lending
sources. How does one take all these into account in calculating the
GDP? In a nutshell, agriculture has multiple functions that require a
multiplicity of individual and collective skills. Its human base is
a spectrum of producers in Africa ranging from the destitute to the
affluent. We have what you might call a pyramid of producers in
Africa, from the person with one acre of land who is the real subsis-
tence farmer, to people who are part-time farmers and employed by
government or who are lawyers or teachers and farm on a part-time
basis. A small group at the apex of the pyramid are the emerging true
farmers with knowledge, skills, interests and even a few assets to invest
in agriculture. Understanding this structure is important because, at the
moment, many African governments including South Africa are asking
themselves which levels they should focus on. As an example, my own
Minister for Agriculture said: ‘I haven’t got the resources to help every-
body but I’d like it at the end of five years after my tenure of office, to
establish two hundred or three hundred black commercial farmers’. We
still have the problem of trying to empower people who were
marginalized or excluded from development by apartheid. But this is
not a problem that is peculiar to South Africa; in Zimbabwe, Zambia,
Mozambique, for instance, you find that there is no smallholder sector,
and development workers and donor agencies often wonder where to
start and how long to continue, that is, when to come in and when
to exit. These are some of the issues that many people apparently do
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not comprehend. We are not dealing with commercial farmers but a
spectrum of people at various stages of development. The challenge
facing African governments is how to categorize, assist and provide
services to the different categories in accordance with their needs. In
the Biblical story of the sower who went out to sow, some seeds fell on
good ground, some on fragile ground, some on rocks, some were eaten
by birds. A similar procedure has been followed over the past 50 years
in trying to bring about African development. It has not worked: we
have little food security or income generation. How should we alter
our focus to make an impact, and get people to take on commercial
agricultural training, both domestic and international?

Role of Government

While those in developed countries are worried about international
competitiveness, the developing world is worried about production.
The two are at different ends of the development scale. The developing
world is at the beginning of the cycle and one might ask why it is trying
to do some of the things that the developed world has done, when the
developed world is itself beginning to question whether what it has
done was right. And yet the developing world blindly follows. We say
to the World Trade Organization: ‘This is what we want to do’, but in
fact we see a situation in the developed world where people are taking
stock of past mistakes.

In developing countries it is difficult to bring issues to the ears
of the authorities. They do not quite understand the importance
of exposing policy-makers to the complexities of agriculture and
rangeland.

The role of government is to create an enabling environment
through appropriate policies, legislation, structures, systems and
procedures. Over and above the effective and timely delivery of
services, good governance implies transparency and accountability.
Government institutions should be staffed by knowledgeable, compe-
tent and honest public servants with a strong sense of commitment and
dedication. This may seem obvious but we have still got to make sure
that the government we elect knows what to do, and the people we
appoint as civil servants have the ability, the knowledge and integrity
to do the things that we expect of them.

The developed world cannot help the developing world unless it
has an understanding of the problems. In any context, security of
persons and property is paramount. Conflict, violence and instability
are inimical to development. Government intervention should be
limited to protection of the national interest while making sure that
people and property are safe and secure.
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Donors and Project Implementation

In the African context, the role of chieftainship, which is associated
with land rights and ethnic identity, needs to be redefined in line with
changing circumstances. Progress has been retarded and many lives
have been lost in conflicts over grazing rights within and between tribal
areas. I emphasize the importance of stability of good governments
without which there can be no development. The activities of donors
require clear definition and monitoring to ensure that they fall within
the parameters of government policy and do not, as often happens,
lead to unauthorized expenditure by government departments. Conflict
often arises when government is unable to meet additional costs
resulting from donor-funded projects. Sometimes donors come with
their own agendas, rather than work to the agenda of the government. If
and when they do conform to the government’s agenda, they do things
that entail additional expenditure over what has been allocated by
government. For instance, donors may start a school, put up a building,
buy equipment, and even appoint a teacher. When they withdraw their
aid and ask the government to take over, they find that government has
not budgeted for those expenses. These problems are still occurring. In
South Africa we have set up the National Development Agency which
explains to donors that we don’t want to run them, we don’t want to
control them, but we want to make sure that they are going to work
within the parameters of government and that they must not cause us to
incur additional expenditure.

Educational and Technological Constraints

The state of education and communication in the developing world
imposes severe constraints on development. I do not think we will ever
catch up with those who are using computer models, those who do not
understand that when I want their address they should not give me
their e-mail; they do not realize I do not even have a telephone or a fax!
That is the real world in which we live. I work on the Johannesburg
fresh produce market helping my farmers to sell their produce. Their
biggest problem is getting market information. The people at the
market want to pass on information, the farmers want it but there is no
communication, no telephones and no faxes. These are the practical
realities on the ground; the constraints that freeze people in the
developing world.

People in the developing world require good basic education. They
must become literate, and be able to keep records. In many situations
there are no arrangements for keeping records. Even simple things like
birth certificates and death certificates are not available. This is a very
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serious problem. An illiterate person cannot use an ATM (automatic
teller machine). These are the practical realities of the need for human
resource development at the lowest levels. The developing world needs
basic literacy so as to increase performance and receptivity of new
ideas. Formal education needs serious attention, particularly technical
and vocational education. It is very easy for the developed world to
say Africa is backward and that although they have been working
in Africa for a long time the people have not developed yet. The kind
of education they made available was academic to the point that
we became dependent on others doing the things that needed to be
done. We did not have the technical and managerial skills that were
necessary to undertake development. Formal education should impart
not only technical and vocational skills, but also human values. In
many parts of Africa, so-called development has disrupted family
and community life. Particularly in areas where there have been
wars of liberation, many children have been uprooted. We have a
generation of children who have not gone through school, who want
employment but have no skills of any kind. Education is one of the
spheres where we need to take action and inculcate positive values as
well as practical and vocational skills. There are parts of the world
where there are surpluses of technical manpower, but much of the
developing world is a long way from that situation. We are now looking
at our curricula, our facilities and our manpower to try and make
them relevant to the development process. This is also true of many
parts of the world where there is a lack of skills to cope with modern
development.

Multidisciplinary Cooperation

An issue which concerns me greatly is that after 50 years we are
still only talking about multidisciplinary cooperation. This problem
should have been solved by now; those involved should be working
cooperatively and understanding the need for cooperation and collabo-
ration, but alas it is not happening. People still have their little empires
and rivalries that make it difficult to achieve the agreed objectives. In
South Africa, the Farming Systems people, the Grasslands Society, the
Economics Association, and the Irrigation Engineers, etc. still have not
developed the idea of a common approach. They talk about it, but
rivalry is not conducive to development and it creates problems on
the ground. Can you imagine the Department of Agriculture calling a
meeting to teach people about producing good food? The next day
the Department of Education calls the same people to talk about good
nutrition. On the third day the Department of Health tells them about
the value of food. Many members of the Agriculture Research Council
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are not sufficiently aware of the practical problems that are created by
rivalries and lack of cooperation.

Rural Extension

With regard to extension and information transfer there is a problem
of limited resources, in terms of both manpower and facilities, that
inhibits the practical application of science and technology. Research
and extension capacity in terms of both competence and technical
knowledge have a long way to go because many extension workers
cling to outdated ideas and still have to change their approach and
attitude to meet the needs of new developments. In eastern and
southern Africa, research and extension linkages are being strength-
ened through the Farming Systems approach which also accommo-
dates indigenous knowledge systems including the use of animal
traction for cultivation and transport. For example, a conference
addressing eastern and southern Africa, supported by the universities
of Reading and Edinburgh, is looking at the problems of animal traction
as an alternative technology for those people who cannot afford
tractors, or who, because they are farming small areas, should not
invest in tractors.

On the environmental front we need to create an awareness of the
interrelationships of land, water and vegetation as well as the effects
of climate and human activity on the resource base. There is some
indigenous knowledge on the ground but we need to make people more
aware of the consequences of not protecting the resource base. There is
a need to look at the degradation of grasslands and other ecosystems.
In most parts of the world, including southern Africa, past efforts
in regard to soil and water conservation have been merely about
engineering, building dams and contour furrows but completely
ignoring the biological component. Even more importantly, the people
were not educated to appreciate their dependence on the resource base
through the careful management of resources.

Social Issues

There are a number of social, cultural and gender issues that impinge
on development. For example, people talk light-heartedly about the
laziness of African men who sit around in the shade while African
women are hard at work. That is a completely false impression because
there is a division of labour which determines gender roles. Cultural
changes are happening in African societies and it is important to recog-
nize that they should not be forced. It is of concern that forces outside
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the developing countries suggest that their gender problems are also the
problems of African women. We still have ministers of government
who are polygamists. How do you tell a minister of government who is
a polygamist that polygamy is wrong?

Two major issues threatening agriculture are sharp increases in
overall population and an ageing farm population. Many young people
go to university and want to get into government, but very few of them
want to go into farming. We need to make farming more attractive to
young people so they can replace the ageing farm population, and we
need to pressure the politicians to talk about population control
because this is a basic problem requiring urgent action even if it is
fraught with social and political dangers.

Conclusion

I have attempted to give an indication of the sort of practical problems
that are facing the developing world. They must be dealt with before we
can really worry about luxuries such as computer modelling. Technical
developments are good but the developing world is still at a stage
where we are saying come and look at what we are doing, join us where
we are and help us to move forward. In my view we will never really
make solid progress as long as we allow ourselves to be judged by a
yardstick that is inappropriate. For a long time we will find ourselves
simply following behind the people who are trying to draw us forward.
We’ve got to find ourselves, find our base and try to develop ourselves
from where we are, and only in that way do I think we will make real
positive progress.
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20Rangeland Livelihoods in the
21st Century

Brian Walker

Introduction

A thorough review of the VI International Rangeland Congress would
require careful consideration of the 483 papers, from 77 countries, that
were published in the Congress Proceedings. My perspective is that of
a scientist. What struck me, as I am sure it did many others, is the
consolidation of a trend that emerged at the preceding Congress in
Utah in 1995. At that Congress I demonstrated the decline over the
last 100 years in the contribution that livestock production makes to
the Australian gross domestic product (GDP). Since then, the trend
has continued and increased; agriculture as a whole has just about
maintained its contribution, but wool prices and other factors have
worsened the position for the rangelands. Rangeland livestock produc-
tion now contributes probably less than about 0.3% of GDP. The same
picture holds for most other rangeland regions. Tom Bartlett’s scenario
(Bartlett et al., 1999) and Barney Foran’s nine global drivers (Foran and
Howden, 1999) support this proposition.

Also at the Utah Congress, socio-economics emerged as a major
gap in our understanding and research. My summary of contemporary
papers in rangeland journals at that time revealed that only 13% of
the papers could be described as socio-economics, and that most
of these were of a local nature (Walker, 1995). A quick categorization of
the papers presented at the VI International Rangeland Congress shows
that some 23% of them fall into the socio-economics area. This is still a
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small percentage, but nevertheless an increase of 10%, and almost a
doubling from 4 years ago. This indicates progress.

My reading of these papers indicates that a dominant issue in the
rangelands today is sustainable habitation – how to maintain healthy,
viable human societies in rangeland regions. Clearly, there is no
one solution to this challenge; no magic bullet or technological fix,
and no one economic solution. Many different solutions were
proposed at this the VI International Rangeland Congress and these
solutions, or suggestions for the way forward, fall under the following
headings:

1. Better technology. These include increased efficiency of livestock
production, pest and disease control, better water management,
improved animal genetics and new molecular techniques. There are
still advances to be made in the technological area that will improve
the benefit : cost ratios for livestock producers.
2. Multiple use. It is already a fact that the rangelands are no longer
used only for livestock production, but using the icon of pastoralism for
tourism (free-range, clean and green products compared to unhappy,
hormone-full animals in feedlots) is a plus for the marketing of
the rangeland products. In addition, use of native biota and
niche-market crops contributes to income under multiple use. Atkins
et al. (1999) gave us the value of using road gravel and speciality
timbers. There is a long way to go in developing multiple use to its full
potential.
3. Pastoral nomadism. Nomadism has been traditionally practised on
four continents – Australia, Africa, Asia and America (the USA). To be
effective it must operate at an appropriately large scale. In the early
development of the rangelands in Australia pastoral nomadism was
practised by the famous Kidman enterprise. The use of summer
and winter grazing in the USA, the seasonal movement of livestock
from the low veldt to the high veldt in southern Africa, also developed
in response to the recognized need to use spatial variation in the
rangelands.
4. Other values. The thoughtful paper by Guy Fitzhardinge
(Fitzhardinge, 1999) emphasized the need to consider other values that
society places on the rangelands. We need a systematic, qualitative cat-
aloguing of the sources and the consumers of rangeland services. The
services provide benefits locally, regionally, nationally and globally.
5. Participatory planning. Excellent examples of the need for partici-
patory planning, and the benefits it provides in achieving regional
goals, were described in the regional scale projects of Nick Abel and his
colleagues, by Simon Campbell, and by the desert uplands project.
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6. Stewardship. I note here the paper by Mitchell and co-authors
(Mitchell et al., 1999) on the applicability of the Montreal process
indicators, derived to ensure sustainable harvesting of forests, to range-
lands. This process is a sleeper. One can argue the effects of the
Montreal process both ways, depending on the actual standards that are
applied.
7. Institutional arrangements. Lusigi and Acquay (1999) make a strong
statement that, for rangelands in Africa, what is needed is an enabling
environment. This is taken to mean security of tenure, dissemination
of innovation, and so forth. Christo Fabricius (1999) points out that
success depends on institutions and enabling mechanisms. Nancy
McCarthy and Swallow (1999) introduced the importance of fuzzy
access rights in institutional arrangements.

All of the solutions are valid – and all of them are partial. None
of them, on their own, will work as the solution to achieving sustain-
able habitation in the rangelands. A major shortcoming of research
in resource management all over the world has been the quest for
some particular solution – the magic bullet of a techno-fix, getting
the economics right (market-based instruments), or the currently-
popular participatory planning, and so on. On their own they will
all fail because the answer to sustainability in the rangelands, as
in all regional-scale resource use systems, lies in an integrated
approach that addresses the combined biophysical, social and
economic  system.

To emphasize this point I conclude my overview of the important
processes by noting four other papers: Tim O’Connor (1999) high-
lighted the real difficulty, perhaps the futility, of finding general
principles; Bob Scholes (1999) found specific science has not
had much benefit; Tim Lynam and Mark Dangerfield (1999) were
most damning in their assessment of rangeland science. According
to them science has basically failed in terms of improving the lot
of rangelands and of the people in them. They conclude their
assessment by pointing to the possibility of a complex adaptive
system approach, and François Bousquet et al. (1999) likewise
showed how such an approach might work. Complex adaptive
rangelands, these authors assert, require complex adaptive models. I
take my cue from them. A complex adaptive systems approach requires
one to address each of the three sub-systems (ecological, economic,
social) simultaneously. I will conclude therefore, by presenting a brief
account of some recent work on an integrated model of rangelands as a
complex adaptive system, developed with three colleagues (Janssen
et al., 2000).
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An Agent-based Model of NSW Rangelands as a
Complex System

Ecology of an integrated (biophysical–social–economic) rangeland system

In a series of papers, Perrings and Walker (1995, 1997, 1999) developed
an optimal control approach to managing a particular rangeland
enterprise. Implicit in this is, of course, the notion that the state of
the rangeland can be optimized, or rather that there is an optimal
sequence of control activities that will maximize the manager’s objec-
tive function. From a manager’s perspective it is entirely reasonable to
attempt to maximize some welfare function over a defined period
of time, and knowing what sorts of decisions would yield the optimal
outcome under the particular sets of ecological and economic circum-
stances will clearly be beneficial. However, at a regional scale it is
informative to consider the linked dynamics of the whole, integrated
system – the biophysical rangeland, the managers and government
regulators. Considered in this way, while the individual managers may
attempt to maximize their own welfare there is no goal or optimization
in the overall dynamics of the system. The various players – grasses,
trees, livestock, managers and government regulators are all, in their
own ways, attempting to maximize their own welfares. The outcome
depends on the rules of the game. We know something about the
biophysical rules governing the dynamics of the first three of these,
but we are naïve about the behavioural responses of the last two –
responses to the biophysical system and to each other. There is no
final, equilibrium state in such a system, and very likely no optimal
state that best satisfies all the players. Rather, the system is best
considered as a continually changing complex system with multiple
possible trajectories, some of which may preclude the system from
moving into others. The value of attempting such analyses is to learn
which combinations of policy rules, manager behavioural and cogni-
tive abilities (which can also be thought of as rules), and ecological and
economic conditions result in the system remaining on desired or
acceptable trajectories. Clearly, what is important in such a concept of
rangeland systems is a knowledge of the rules.

A preliminary attempt to develop an adaptive agent model of a
rangeland system in this way (Janssen et al., 2000) highlights the
importance of the rules, including the cognitive processes that are
attributed to individual managers. Figure 20.1 portrays the structure of
the model used.

The model is based on the Western Division of NSW, Australia and
includes both the mulga and chenopod land systems. The ecological
model includes the dynamics of grass, shrubs and sheep numbers
under the influence of rainfall, sheep grazing and fire. It includes an
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age-dependent mortality model for the shrub dynamics that allows for
extended periods of shrub domination with reduced grass production.
It also includes the ‘degradation’ of the range under very low cover, and
exhibits a slow recovery from such a condition under reduced grazing
and good rains, i.e. there is a hysteresis in the pattern of degradation
and recovery. It calculates wool production and keeps track of the sales
and purchases of livestock.

The socio-economic component allows for different cognitive
abilities among pastoralists, resulting in a range of different decision
points for each of a number of management decisions, as follows:

� the threshold value of young woody weeds above which the
rangeland is burned (only applies to mulga woodland);

� maximum stocking rate relative to grass biomass;
� proportional reduction in livestock in a drought year;
� threshold value for sheep flock growth rate below which

destocking occurs;
� degree of satisfaction per unit of consumption.

The socio-economic model includes equations for the pastoralists’
utility functions (as indicated above, how satisfied they are per unit of
consumption), net income, their financial budgets, the expected flock
size, the expected amount of grass biomass, the actual stocking rate,
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and a rule for renewal of pastoralists to replace those who become
bankrupt.

The evolution of the rangeland system was studied under different
policy and institutional regimes that affected the behaviour and
learning of pastoralists, and hence the state of the ecological system.
Three types of regulator policies were used – free market, stabilization
(which involved government subsidy during drought) and conserva-
tion (control of stocking rates to ensure good ecological condition).
Each policy had an associated set of rules and each of 100 pastoralists
was randomly assigned a set of parameter values relating to the
decision points, described earlier. This set of parameter values in effect
describes the pastoralist’s ‘mental model’ of how the rangeland system
works under fire and grazing. Together, these rules and the pastoralists’
mental models govern the behaviour of the pastoralists. Pastoralists
survive or become extinct according to their accumulated profits or
debts and new pastoralists with new cognitive abilities replace those
that become extinct.

Two results from this model are worth mentioning here. First,
after a 200-year run, using real rainfall and wool price data as drivers,
the properties under the free market policy (which involved virtually
no constraints on sheep stocking rates, regardless of rangeland
condition) were in poorer ecological condition than under either of the
other two policies and a significantly higher number of pastoralists had
become extinct (gone bankrupt). However, taking the average farmer
that survived at the end of 200 years (the ‘evolved’ average set of
pastoralist cognitive abilities) and entering such a farmer into another
200-year run, under each policy type, resulted in a property that was in
better ecological condition, and with a higher economic return, than
was achieved by the equivalent pastoralists who ‘evolved’ under
either of the other two policies. The free market policy allowed the
population of farmers to ‘learn’ through survival of the fittest. In
the model, learning was achieved through extinction of farmers
with inappropriate management responses to the ecosystem – such as
allowing sheep to reduce grass cover too much before selling some of
them. The cost of learning, however, was high, in terms of both damage
to the rangeland and the social cost of having high numbers of bankrupt
farmers.

The second noteworthy point from this preliminary modelling
effort concerns the difference in the results from the adaptive
agent-based model with the results of an optimal control model that
was run using the same ecological model. In the latter, the managers are
assumed to have perfect knowledge of future rainfall and wool prices
and of the ecosystem responses to management actions. The optimal
control model yielded a 30% higher profit than the best adaptive
agent model and (since it was designed to do so) also avoided any
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long-lasting ecological damage. The 30% reduction in profit under the
best of the adaptive agent outcomes, plus some ecological damage, can
be considered as the cost of ‘learning’.

These results are presented only as an indication of the differences
between an optimal control approach and an adaptive agent approach
to examining policies for rangeland management. Considerably more
work is needed, particularly on determining the appropriate cognitive
abilities for farmers and on the rules that govern the changes in policy,
before the model can be usefully applied. In particular, attention
should be paid to how rules are made and changed, and how to model
this process – i.e. the rules for making rules. The most valuable use of
such models will likely be in exploring which policy combinations
allow learning by managers without causing unacceptably high damage
to ecosystems, or unacceptably high social costs. These are the two
necessary ingredients for sustainability.
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21Building the Future: a Human
Development Perspective

C. Dean Freudenberger

Introduction

How can rangeland people be more adequately empowered to improve
their quality of life and livelihood? My plenary address, given at the
close of the last session of the Congress, represented my response as an
ethicist to the contributions of the Congress through the plenary
addresses, workshops, and the published two-volume proceedings
(Eldridge and Freudenberger, 1999). The following reflections are also
based upon my previous experiences with similar consultations
and work in the applied fields of agricultural and rural community
development in more than twenty nations. As one who has been
involved with rangeland projects in Sahelian West Africa following the
droughts of the mid and late 1960s, I am no stranger to the challenges
faced by rangeland people.

From the perspective of personal observations of the United
Nations World Food Conference held in Rome in 1974 and of
the United Nations Conference on Desertification in Nairobi in 1977, I
conclude that the VI International Rangeland Congress was outstand-
ing. One of the principal reasons for this success was its stated theme:
‘People and rangelands: building the future.’ This theme encouraged
papers and discussions that recognized the need for greater under-
standing of the two dynamic elements involved in building the future:
people and their resources. These two elements are inextricable.
As simple a concept as this is, this focus represents a significant leap
forward in scientific deliberations about the so-called development
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process. The Congress struggled with the question of how rangeland
science can involve rangeland people in a common effort to build a
more sustainable future. This concern was examined within the fluid
context of expanding human populations, the post-colonial phenome-
non of the globalization of market forces and future shocks of rangeland
change (Foran and Howden, 1999). Given this context and a focus
on how rangeland science might contribute to improving the welfare
of rangeland people on a sustainable basis, one could sense that a
new approach was being formulated. My summary statement is a way
to support this conclusion by identifying key insights that emerged
during the Congress that can contribute to the empowerment of range-
land people to improve their lives and their various enterprises. The
Congress participants represented the expectations and needs of some
of the world’s most marginalized and voiceless people. This in itself is
an outstanding contribution to the processes of international social and
economic development.

On certain occasions, the utilization of a metaphor is useful for an
analysis or a summary of an observation or experience. Given the
theme of this Congress about building the future, I shall reference the
processes and materials involved with the construction of a building.
I recognize the limitation of such an approach, yet the metaphor
provides a framework for identifying those insights that emerged
during the several Congress sessions that directly contribute to the
empowerment of rangeland peoples.

Requisites

Need

Without a sense of need, a building would not have a functional
purpose. This Congress addressed the awesome need for reversing
deteriorating social, environmental and natural resource trends that
have unfolded across almost all of the earth’s semi-arid landscapes that
are referenced as rangelands. These landscapes directly support the
livelihoods of nearly 30% of the world’s human population. Involved
with the future of these lands are historically unprecedented issues
such as human and livestock population growth, species extinction,
economic and social inequity, poverty, the dynamics of new
post-colonial economic and industrial organizations and new market
realities. The lack of creative public policy for providing essential
infrastructures for the development of more promising futures is a
further illustration of the need for a new building.
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Vision

To build, one must have a vision about the design of the building so
that it can serve the intended need. In other words, what type of a
building is required? One of the highlights of the VI International
Rangeland Congress was the continual reference to the vision of
‘sustainability’. The goal, as well as the unwritten guideline for
building the future of rangelands and rangeland people, is that of
sustainability. The term ‘sustainability’, as referenced by the partici-
pants of the Congress, assumed the biological aspects of the regenera-
tion of rangelands. A general understanding prevailed that the term is
an ambiguous one that requires continual definition. Today, there is
growing recognition that with sufficient skill, and economic and
political power, a destructive system can be sustained for a relatively
long period of time. During the sessions, one observed that the meaning
attached to the visionary concept of sustainability is a reflection of
the United Nations Commission on the Environment’s definition of
‘meeting our needs without compromising the ability of future genera-
tions to meet their own needs’ (World Commission on Environment
and Development, 1987). Incorporated within this definition is the
concept of the welfare of future generations. This understanding
assumes that future generations of both human and non-human life
make moral claims upon our present generation’s concept of freedom
and responsibility. Involved in this concept of sustainability, widely
explored at the United Nations Earth Summit meeting in Rio de Janeiro
in 1992, are the ethics of trans-generational and inter-species justice.
As the Congress recognized the problem of deteriorating rangelands, it
searched for ways to reverse the trend and work for more sustainable,
or regenerative, futures. The vision represents not only a challenge of
great magnitude, but also a radical understanding of trans-generational
and inter-species justice. In other words, if there is no justice in social
and economic spheres, sustaining the health of landscapes with their
full biodiversity is problematic. If there is justice within the contempo-
rary world, but it is not sustainable over time, then the system is
self-defeating.

The vision of sustainability, interfaced with the sense of need for
structuring a new future, contributed to serious deliberations. Radical
thoughts were expressed. The possibility for actualizing normative
ideas about building a more sustainable future was questioned. How-
ever, it should be recognized that history often reveals that today’s
radical ideas have a way of becoming tomorrow’s conventionalities. In
the opening session of the Congress, Tim Flannery suggested that the
responsibility of the Congress was to ‘toss out mad ideas’. In various
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ways, the Congress accepted this challenge. The delegates continually
talked about building sustainable futures. This vision resulted in
serious discussion, particularly within the context of the problem that
the series of rangeland congresses have been addressing during the past
24 years.

Design

In addition to identifying the need for building and articulating a vision
of sustainable futures, the questions must be asked: What is needed to
meet building codes that are enacted to guarantee structural integrity
for public safety? How are the architectural designs engineered to meet
the codes? From my ethicist’s viewpoint, identifying structural require-
ments is one of the foremost tasks of the scientist. A building
envisioned to meet a particular need cannot be created without the
design engineers.

Several relevant elements of rangeland science are involved in
response to the relatively new challenge of working towards
sustainable futures in collaboration with rangeland stakeholders
within a rapidly and radically changed world (Freudenberger and
Freudenberger, 1994). Relevant rangeland science addresses urgent
needs facing us now as well as for the future. It helps to recognize not
only the connection between rangeland health and the stability of
planetary health, but also the consequent need for new codes of
behaviour in relation to these fragile ecosystems. Relevant rangeland
science provides the basic research for designing sustainable
human relations with the earth. Relevant rangeland science
predicts long-range consequences. Scientists need to take the risk of
predictability. Many critical issues of our time, such as the impact of
ozone shield erosion and the accumulation of greenhouse gases are
only partly understood. However, in spite of uncertainty with reference
to these matters, it may be best to lessen the human impact upon these
systems now rather than wait for conclusive evidence. For example, the
Union of Concerned Scientists, with many Nobel laureate members,
demonstrates responsibility for prediction. Relevant rangeland science
research articulates and tests principles of regenerative practices for
sustainable development. This type of work challenges prevailing
anthropocentric orientations and values, and points to the need for
radical change in human self-understanding about its relationships and
responsibilities with the land. Relevant rangeland science is informed
by multidisciplinary conversations. E.O. Wilson in Consilience: the
Unity of Knowledge (1998) demonstrates the critical importance of
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interdisciplinary approaches as a means of unifying the knowledge of
the many scientific and liberal arts fields in order to see the big picture
or the forest, instead of simply the individual trees. Relevant rangeland
science contributes to 21st century ethics as it suggests the need for
new human value constructs such as the value of the health of the land
and people, and advocates the creation of infrastructures for enabling
the practice of stewardship. Relevant rangeland science informs and
recommends social, economic and industrial policy for sustainable
development. Thus, it is engaged in the process of public policy formu-
lation. The new challenge for rangeland scientists is to contribute
more actively to public understanding for effective policy develop-
ment. The final paragraph of the session preface to ‘Future shocks to
people and rangelands’ of the Congress proceedings well summarizes
the challenge:

The final judges of our usefulness are not range management professions
but the public, politicians, international bureaucrats and the collateral
disciplines that are consumers of our research results. They ultimately set
our agenda, sideline us or make us central to the determination of public
policy, and allocate or withhold the money needed for continued
research.

(Behnke and Howden, 1999)

The majority of papers of the two volumes of proceedings and the
workshops were devoted to the management of plant communities and
grazing practices, the integration of the management of land and water
resources, understanding about plant functional types, the dynamics of
plant invasions and the necessity for the maintenance of rangeland
diversity. The diversity of these fields points to what is involved in
the design of sustainable rangelands and the public policy educational
task. The integrity of natural systems must be respected and pre-
served if building the future of rangelands and their peoples is to be a
possibility rather than simply a vision.

Building Blocks

In addition to a conviction regarding the need for a building and a
thoughtful and well-informed vision for how the structure will address
the need, a building must have building blocks. I have personally made
thousands of both kiln-fired and earth-rammed bricks and concrete
blocks. Thinking about building blocks is second nature to me. As the
Congress proceeded with its deliberations, I identified five categories of
building blocks that were not available over the past 35 years. These
new building blocks suggest why we may be at least slightly optimistic
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about the prospects of actualizing a sustainable future for rangelands
and rangeland peoples. They suggest how rangeland people might be
better empowered to improve the quality of their lives and livelihoods.

Humility

Repeatedly, participants acknowledged past failures in policy,
programme design and programme execution. The many changes in
contemporary social, political and economic structures point to the
difficulties in planning and application of project concepts. The magni-
tude of the problem of landscape degradation is a sobering element
in designing ways to address the many complex and interrelated
challenges of building more promising futures. Discussions involving
the leaders of major international and national development organiza-
tions, as well as non-governmental organizations, pointed to the
realization that past approaches and research methodologies do not
provide models for designing new initiatives. Past failures were
acknowledged. Thus, there was hesitancy or tentativeness in the
process of conceptualizing how to take the next steps in rangeland
development. These admissions were frustrating, yet creatively so. The
heady, self-assured and confident attitudes that prevailed during the
past several decades are subsiding, resulting in more thoughtful
approaches for the design and implementation of research agendas,
projects and programmes. The challenge of functioning within the con-
text of this ambiguity resulted from a recognition that at present, there
are not many answers. I evaluate this new insight as a sign of maturity.
Insights have been gained by past mistakes and false starts. A new
sense of humility about responding to the challenges that lie ahead can
be considered a positive contribution in formulating new initiatives for
building the future.

Networks

An essential building block involves collaboration in research and its
practical application. Case studies illustrated the value of the network-
ing process, particularly for rangeland scientists who are so isolated
from each other due to distance and difficulties in communication. Old
acquaintances were renewed. New friendships for collaboration were
made. The Congress contributed greatly to the expansion of the
network of people dedicated to the development of more sustainable
futures for rangeland and rangeland people. This building block
needs to be understood as a most essential component. Expanding the
network should be encouraged.
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Perspectives

The stage for the deliberations of the Congress was set within the first
plenary address by Tim Flannery. He reminded delegates of the time
spans and evolutionary processes that cover hundreds of millions of
years that were involved in the formation of today’s rangelands. He
illustrated the diversity of the history and structure of rangelands by
contrasting the differences between North American and Australian
landscapes. A plenary panel was devoted to offering perspectives from
China, Russia, Peru and Australia. Consequently, the Congress was
cautioned about generalities in rangeland issue analysis and prescrip-
tions for addressing the problem of deterioration on a global scale.
Flannery’s address also dramatized the complex and fragile nature of
the earth’s landscapes, and so reminded all the participants of the
profound responsibilities that rangeland people have accepted. These
perspectives challenge traditions of reductionist methodologies in the
pursuit of knowledge and encourage greater study of the ecology of the
ecosystem within which one is working. Overview perspectives about
time and the evolution of biospheric processes contributed to broaden-
ing economic analysis and accounting methodologies that forced the
question of how to incorporate environmental and resource impact
concerns into economic measurements of external costs. Broadened
perspectives about rangelands, the functions that they perform in
biospheric processes, and of the impact of human enterprises upon
rangelands contribute to an understanding of the critical importance of
rangeland science in pursuit of global sustainability.

Participatory engagement

One of the outstanding building blocks identified during the Congress
deliberation was that of the necessity of community collaboration, or
participation of all the stakeholders, for building the future. The theme
of this Congress guaranteed discussion of this topic. The workshops
and the Congress papers on ‘Rangelands: people, perceptions and
perspectives’ (Mills and Blench, 1999) and ‘Indigenous people in
rangelands’ (Griffin and Fourmile, 1999) emphasized the importance
of incorporating cultural values, aspirations, feelings and indigenous
wisdom into the process of searching for ways to reverse social and
environmental degradation. There emerged in these discussions the
insistence that project planning, implementation, evaluation and, if
necessary, reformulation, involve all stakeholders. An ever-growing
appreciation of indigenous wisdom about rangeland management
and cultural patterns of relationships with both human and natural
communities was apparent. Serious discussion unfolded about the
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rationale of pre-colonial patterns of rangeland utilization. The
new forces of population growth and global market dynamics point
to the limitations of earlier patterns of occupation as models for
determining systems for post-colonial rangeland management. These
insights and perspectives are essential elements, or building blocks,
for a new structure. Interfacing science with indigenous wisdom is of
obvious importance. However, from the colonial era to the present
phenomenon of globalization, this obvious connection has too often
been ignored.

Diversity

The importance of maximizing both biological and human cultural
diversity was widely emphasized during the Congress discussions.
Today, as never before, biodiversity is clearly understood as essential
for landscape stability. This recognition was not prevalent 50 years
ago. Given the maturing appreciation of indigenous wisdom and
cultural patterns of rangeland management, the Congress discussions
underscored the importance of maximizing cultural diversity. This is a
critically important insight that is now playing a determinant role in
research for the building of a more sustainable and therefore promising
future.

A personal challenge

Five categories of building blocks that go into the construction of a new
building have been identified. With great seriousness the Congress
laboured the attitude of humility in taking next steps, the importance of
expanding the networks of communication, broadening perspectives
on its science, gaining clarity about the importance of participatory
engagement, and the necessity of maximizing and preserving biological
diversity. As obvious as these issues may be in our time, one must be
reminded that these orientations did not determine the use of range-
lands in the industrialized nations nor influence so-called interna-
tional development strategies following European decolonization of
the 1960s. These emerging insights are of vast significance. These
building blocks must be incorporated into all scientific pursuits. The
intent for suggesting the use of the metaphor of constructing a building
and in identifying what has been evaluated as emerging insights of the
Congress is to suggest that this process of identifying categories of
building blocks be continued. The prospects for the future depend on
sharing insights about these issues.
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Mortar

Without mortar, building blocks cannot be joined together. This
Congress did not talk about mortar. In the case of the construction of
the building that the Congress has envisioned, mortar can be translated
to the word ‘motivation’. What is it that will empower us to pursue the
vision of sustainable futures? Some will say that we are motivated by
enlightened self-interest. In other words, if we do not respond to the
need to reverse the process of landscape and cultural deterioration,
then in time we will all become victims of exploitation, resource loss
and environmental degradation. Some say that we had better ‘wake up’,
come to our senses and build for a sustainable future, but is this type of
motivation enough to empower us over a long period of time to cope
with such obstacles as cynicism, ill-formed public policy, corruption,
loneliness, and of how to apply our knowledge and wisdom in
meaningful ways?

One suggestion that can be proposed is that the mortar needed to
hold the building blocks together for constructing an enduring future is
a sense of care. Caring is what makes us human. Caring is the most
effective way, if not the only way, for expressing a sense of gratitude for
life and our moment of existence within the evolving history of the
living planet. Caring about building the future of rangelands and its
people is the mortar that will assure the integrity and endurance of the
structure that we have committed ourselves to build.

References

Behnke, R. and Howden, M. (1999) Session preface: future shocks to people and
rangelands. In: Eldridge, D. and Freudenberger, D. (eds) People of the Range-
lands. Building the Future. Proceedings of the VI International Rangeland
Congress. VI International Rangeland Congress Inc., Townsville, Australia, p. 6.

Eldridge, D. and Freudenberger, D. (eds) (1999) People and Rangelands Building the
Future: Proceedings of the VI International Rangeland Congress. VI International
Rangeland Congress Inc., Townsville, Australia, 1064 pp.

Foran, B. and Howden, S.M. (1999) Nine global drivers of rangeland change. In:
Eldridge, D. and Freudenberger, D. (eds) People of the Rangelands. Building the
Future. Proceedings of the VI International Rangeland Congress. VI International
Rangeland Congress Inc., Townsville, Australia, pp. 7–21.

Freudenberger, D.O. and Freudenberger, C.D. (1994) Good relationships: ethical
and ecological perspectives on rangeland management. The Rangeland Journal
16, 321–332.

Griffin, G. and Fourmile, H. (1999) Indigenous people in rangelands. In: Eldridge, D.
and Freudenberger, D. (eds) People of the Rangelands. Building the Future.
Proceedings of the VI International Rangeland Congress. VI International
Rangeland Congress Inc., Townsville, Australia, pp. 385–415.

A Human Development Perspective 269

285
Z:\Customer\CABI\A4241 - grice\A4334 - Grice - Global Rangelands #C.vp
Wednesday, June 19, 2002 10:42:56 AM

Color profile: Disabled
Composite  150 lpi at 45 degrees



Mills, D. and Blench, R. (1999) Rangelands: people, perceptions, perspectives. In:
Eldridge, D. and Freudenberger, D. (eds) People of the Rangelands. Building the
Future. Proceedings of the VI International Rangeland Congress. VI International
Rangeland Congress Inc., Townsville, Australia, pp. 49–87.

Wilson, E.O. (1998) Consilience: the Unity of Knowledge. Random House,
New York, 367 pp.

World Commission on Environment and Development (1987) Our Common Future.
Oxford University Press, Oxford, 41 pp.

270 C.D. Freudenberger

286
Z:\Customer\CABI\A4241 - grice\A4334 - Grice - Global Rangelands #C.vp
Wednesday, June 19, 2002 10:42:56 AM

Color profile: Disabled
Composite  150 lpi at 45 degrees



22Synthesis: New Visions and
Prospects for Rangelands

Kenneth C. Hodgkinson, Ronald B. Hacker and
Anthony C. Grice

Introduction

The scientific programme of the VI International Rangeland Congress
(IRC) held in 1999 in Townsville, Australia, attempted to break new
ground. The mandate to move outside a traditional framework was
given by the Australian Rangeland Society, which hosted the Congress.
The organizing committee determined that the focus should be on the
needs and aspirations of rangeland people. The aim was to promote
new visions and prospects for the future among the international
community of scientists and other people under the theme: ‘People and
rangelands: building the future.’

Earlier congresses recognized the importance of the social and
economic systems within rangelands but rarely were their treatments
oriented towards more than one sector, the pastoral industry. Presenta-
tions and discussions on the dynamics of ecological systems, and the
influence of grazing upon them, dominated earlier congresses. Neglect
of social and economic systems was perceived by the organizing
committee (and some keynote and concluding speakers at the V IRC
held in Salt Lake City in 1995) to be now limiting the application of
ecological knowledge. The scientific programme was organized by two
of us (Tony Grice and Ken Hodgkinson) with the intent of shifting the
emphasis towards people issues.

The preceding chapters arose from the conduct of the scientific
sessions. These were written by convenors, based on issues highlighted
by keynote speakers, posters that were linked to each session and
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general discussion at the end. They are succinct summaries of the state
of knowledge in most areas of rangeland science.

Our task has been to derive from these summaries a synthesis that
will serve both as a benchmark for progress in rangeland science and
the underpinning of visions for future prospects. We emphasize the
plural because no single vision is appropriate; the rangelands are too
diverse in people, cultures, landscapes and land use. We accept that
the Australian environment, and the institutions we have worked in,
have inevitably shaped our perspective and will bias our synthesis.
To minimize this we have used as our information source only
the summaries provided by session convenors. These convenors were
selected to provide country and gender balance and their contributions
have been fundamental to our task. Their work before, during and after
the Congress is gratefully acknowledged. We hope that by avoiding the
use of references we have prepared a readable synthesis.

The Initial Vision

Fifty years ago in the USA, modern rangeland management was born
and seen to be the science and art of obtaining maximum livestock
production from rangeland consistent with conservation of land
resources. People in the rapidly developing range science profession,
both inside and outside the USA, subsequently focused on the
livestock production industry for it was the dominant land use and was
facing a number of challenges from within and without. The greatest
challenge was to find the means of achieving sustainability and main-
taining natural resources for future generations. The vision appears to
have been that well conducted science would achieve sustainable
livestock production from rangelands and, by implication, viable
rangeland businesses and communities.

Systems for monitoring the health of rangelands (range condition)
and, to a lesser extent, grazing management dominated the thinking of
scientists, extension workers and public institutions and became a
worldwide focus. This concentrated the research on soil–plant–live-
stock–climate relationships. Furthermore, the science was largely
conducted independently of pastoral business operations or subsis-
tence production systems. Many scientists and most rangeland people,
especially graziers and indigenous pastoralists, saw range science as an
outside activity, external to their day-to-day concerns.

The vision was neither clearly articulated, nor shared, and increas-
ingly it proved inadequate. It was too simplistic. There are important
industries in rangelands other than pastoralism and they may all
interact significantly. The sustainability of a family pastoral business,
for example, may depend on a member having work in a nearby mining
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operation, or on the running of an adjunct tourism enterprise. The
interconnected biophysical, economic and social systems are each
vitally important and if one fails, sustainability may be jeopardized.
Furthermore, the transfer of Western scientific knowledge to develop-
ing countries, without appropriate modification, has not been success-
ful. Now a rethinking is required which will more comprehensively
accommodate the realities of rangelands and the people who use and
live in them.

New Visions and Prospects

Communities and individuals are increasingly developing their own
visions in response to local and regional issues. Issues are usually
complex, generally operate over multiple spatial scales and are
continuously changing. The visions therefore need to be adaptive
so that lessons can be learnt from successes and failures and from
changing internal and external environments. Issues cannot be
universal; each region or area has its own special people and
resource characteristics. At the moment, people and governments are
experiencing difficulty in thinking about complex issues in a holistic
manner. However, there are examples around the world of communi-
ties developing their own plans for action. Rangeland people will
shape their own futures; it is likely that science will be only a small
part of this process.

The obvious task for rangeland professionals is to produce manage-
ment tools in collaboration with rangeland people. These tools will
enable their communities to develop more inclusive, comprehensive
frameworks for analysing rangeland issues and planning appropriate
responses. The frameworks must encompass the social, economic and
biophysical systems and identify the pathways for implementation of
the decisions made by local institutions and groups. If rangeland
science can address these issues it will contribute materially to
diminishing the effects of marginalization, developing adequate life-
styles and living infrastructures, reducing poverty and improving
education while maintaining the traditional role of developing resilient
systems, which maintain resource function.

Progress and Prospects for Rangeland People

The new directions we have briefly sketched above offer many oppor-
tunities for productive partnerships between professionals and the
people of rangeland communities. Realizing these opportunities will
require an understanding of the current condition and needs of
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rangeland people and the institutions that serve both people and
the needs of biophysical resources. This Congress has provided an
opportunity to look at progress and assess prospects.

Indigenous people

Rangelands are home to many groups of indigenous peoples around the
globe. The survival of their cultures is intimately linked with the range-
lands; rangeland resources provide their spirituality, culture in the
broadest sense and sustenance. They are an intimate part of finely
tuned natural systems and are therefore very vulnerable to changes in
their local and larger environment.

European colonization in India, North America, Australia and
Africa has had a devastating impact on these peoples. This alienation
and displacement of indigenous peoples over recent centuries has
created massive poverty, inequality and the degradation of traditional
lifestyles and cultures of these people. The means of restoring these
things are not readily apparent. In some areas, the emergence and
spread of human and indigenous rights movements has brought about
some restoration but inequalities largely remain. Furthermore, the
problems are growing. In the so-called developed countries, growing
human populations, a scarcity of land and demand for commercial
products are placing enormous pressure on the natural resources and
on the indigenous people themselves.

In the developing countries, indigenous peoples face even more
challenges. The population here will more than double over the next
100 years. Economic globalization will present an increasing threat to
survival of many indigenous societies. Expenditure on rangeland
development projects for indigenous peoples has declined since the
early 1980s. Today the emphasis in rangeland development projects
has shifted from increasing primary production and technology
transfer to projects that involve communities and their traditional
ecological knowledge for sufficient duration to foster lasting benefits
for indigenous peoples. Hopefully the new strategies emerging to
incorporate traditional ecological knowledge into resource manage-
ment will provide mechanisms for indigenous people to benefit from
the more effective use of their knowledge.

One-third of the earth’s land surfaces are rangelands and there is a
need to acknowledge the valuable ecological services provided by the
rangelands to indigenous and non-indigenous peoples alike. To
achieve understanding of these non-production or ecosystem service
roles, and to develop socially acceptable plans to maintain them, all
groups of people should be represented. Participation by representa-
tives of indigenous peoples and all stakeholders will be a prerequisite
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for success in the implementation of policies and institutional change
in rangeland regions.

Grazier people

For graziers in the developed countries, recent decades have seen a
continuing decline in the economic and political importance of the
rangeland livestock industries. Economically, rangeland production
systems can make only a minor contribution to world trade and graziers
will continue to be driven by it with no ability to control the outcomes.
A continuing and perhaps accelerating decline in the terms of trade
appears likely.

Rangeland communities throughout developed countries operate
in an environment in which the previous alignment between their goals
and aspirations and those of the wider community can no longer be
taken for granted. In this situation of conflict over land management
objectives, the critical issues concern the extent to which, on the one
hand, scientific understanding is sufficient to underpin land manage-
ment for alternative uses and, on the other, the policy and regulatory
framework promotes socially and politically acceptable outcomes.

Development of cost-sharing mechanisms that balance public and
private interests is now a key to the achievement of land use that is both
socially and ecologically sustainable. The importance of this area of
policy development is heightened by the two fundamental characteris-
tics of rangelands – variable climate and long response times – that
favour short-term decision-making by graziers in a market-based
economy. In these circumstances, conflict between private and public
interests in land management is most likely to occur in periods of
climatic stress. Priority should be given to development of policy
instruments that are linked to measures of landscape condition and
aimed at maintenance of rangeland productivity under these
conditions – these remain a challenge for graziers and institutions in
developed countries.

Nowhere is the need for cost-sharing mechanisms more evident
than in the quest for biodiversity conservation. Given that existing
(and likely future) nature reserves fail to adequately conserve a suffi-
cient cross-section of environments, the preservation of rangeland
biodiversity will require off-reserve conservation to supplement the
more formal reserve system. Implementation of such an approach will
require resource assessment and planning at regional scales and a
policy framework that encourages graziers to balance their immediate
self-interest against broader, often intangible, public and ecological
values. The provision of financial incentives for graziers, by either
government or private interest groups, will be an important part of this
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framework. Local decision-making will also be pivotal in off-reserve
conservation. It is an important role for government and private interest
groups to provide incentives to help local graziers bear the cost of
conserving biodiversity.

Regional resource assessment and planning which must underpin
reconciliation of diverging public and private interests in turn requires
appropriate consultation frameworks in which graziers are adequately
represented. These frameworks should incorporate the capacity to
analyse issues in social, economic and biophysical terms and identify
pathways for implementation. Local ownership of decisions is pivotal
to the success of off-reserve conservation.

Divergent public and private interests in rangelands represent both
an opportunity and a threat for graziers. The implementation of incen-
tives or other cost-sharing arrangements to support the achievement of
public benefits would provide an alternative income stream with
potential to reduce inter-annual fluctuations in income. Such develop-
ments, together with increasing use of rangelands for recreational and
other non-consumptive uses, would also serve to increase the dialogue
and connectivity between city and rangeland people. On the other
hand, closer scrutiny by the urban public and the need to accommodate
alternative value systems may, for some, only exacerbate a sense of
being marginalized.

There appear to be few new technologies likely to improve manage-
ment practices of graziers in developed countries in the short to
medium term, although some are emerging. Some existing technologies
are not yet widely adopted. Rangeland monitoring methodology is
well developed, for example, but its potential to contribute to business
decision-making remains largely unrealized. Even when implemented
by graziers, monitoring is usually seen to be more about demonstrating
environmental credentials than about enterprise management. Graziers
need to work with scientists to explore how to use monitoring
methodology and other tools, more effectively.

The use of landscape function analysis to help identify manage-
ment objectives or to monitor longer-term management impacts has
prospects for widespread use but is limited by the lack of developed
models for interpretation of quantitative data. The growing sophistica-
tion of ecosystem models, including the spatial dimension, together
with the remarkable advances in computing power and Internet
communications do provide great opportunities for application to
day-to-day management but, with the possible exception of the US,
widespread realization of this potential seems unlikely in the
short term.

While we have advocated an increased emphasis on policy
development, we acknowledge that understanding of some aspects of
the biophysical system requires further refinement. Weed infestation
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remains a major concern to graziers throughout the developed coun-
tries. The area of exotic weed-infested rangeland is increasing because
there are few economically viable solutions to plant invasions. The
extent to which weed invasions can be halted by grazing management
practices alone is problematical but these will often be the only control
measures available. They must be combined with a strategic approach,
prioritizing weeds on the basis of their actual impact, and involving
risk assessment at the ecosystem (rather than the species) level.

Urban people

The people that live in cities are mostly ignorant about what goes on in
rangelands, but this varies from country to country. In Australia, most
people live in coastal cities distant from the rangelands whereas in the
USA, China and other countries, there are large cities within range-
lands. Generally, city people use the products from rangelands without
thinking about their origin or their own ‘ecological footprint’. Urban
growth continues at a significant rate and the prospects are that range-
lands will continue to be distanced from the real affairs of the majority
of urban people and their political decisions.

There are no easy ways of addressing this marginalization and
rangeland people will need to continue mustering all the political clout
within their means, to address the specific issues that emerge from
this imbalance, neglect and ignorance. Communities working together
with each other and institutions to achieve their agreed goals will go a
long way towards achieving adequate support and understanding from
urban dwellers and city-based institutions.

There are good prospects that the growing environmental crises
will increase the dialogue and connectivity between urban and range-
land people. Conservation of biodiversity, supply of clean water,
meeting of international obligations, availability of ‘clean and green’
meat, availability of game and feral animals for hunting, and wide open
spaces for recreation and spiritual renewal are some of the issues of,
and products from, the rangelands that will keep rural and urban
people connected. It is increasingly apparent too that in developed
countries cost sharing to balance private need and public good is a key
issue and this alone will foster better communication.

Institutional people

Governments and their departments are constantly setting up and
modifying policy, implementing programmes to address perceived
problems, and providing services to people and industries within their
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jurisdiction. The reasons for these activities are to influence people
in the way they utilize natural resources, in the way they relate to
each other (within and across state/prefecture/other and national
boundaries) and relate to their environment. Government intervention
in rangelands usually involves rangeland-specific regulations as
well as general policy on a wide range of issues. Public (and private)
institutions are quite influential on the management of natural
resources through policies and regulations but prospects are that range-
land people will continue to be ambivalent or negative about specific
policies and regulations.

Policy-makers need information and expert advice to support their
work, and the information/advice they need may be drawn from a
broad spectrum of sources and disciplines. They want information
and advice that have some capacity to predict the likely outcome of
proposed, and alternative, policy settings.

In our view the Congress highlighted four major issues for
institutions.

1. There is the importance of assessing or auditing the status of
rangeland resources at business, regional and national scales. This is
needed to assess the basic long-term capacity of the resource to produce
goods and services, and to determine management effectiveness. Given
the importance of assessment it follows that auditing at the regional,
national or even international level should be based on statistically
sound approaches designed for each specific purpose. The attributes
measured must be adequately defined so that others may form their
own opinion of the relevance of the attribute to the question being
asked.
2. Recent new understanding about grouping plants into functional
types may prove to be most useful in rangeland planning and manage-
ment at regional scales. It now seems possible to provide institutions
with a way of indicating vegetation change associated with manage-
ment activities and environmental changes as well as indicating the
sustainability of rangeland ecosystems. Identifying appropriate
plant functional types will provide an essential underpinning of the
knowledge relevant to national and international planning and
policy-making.
3. It is now apparent that existing nature reserves in rangelands do not
adequately conserve a sufficient cross-section of natural environments.
It is therefore essential to foster off-reserve conservation to supplement
the reserve systems across rangelands. Local decision-making is clearly
pivotal in off-reserve conservation but there is also an important role
for government and non-government interest groups to provide incen-
tives to help local landowners bear the cost of conserving biodiversity
in both developed and developing countries.
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4. The people of rangelands inevitably have distinctive views
developed by imitation of others, especially parents, and life’s
experiences that influence the way they manage land and other
resources. Even where there are multiple uses, most rangeland people
have a single-use view of rangelands. This ‘unimodal’ approach is
inadequate for institutions responsible for the long-term welfare of the
community as a whole because they cannot focus solely on the needs of
any one group. The difficulty in pursuing a multi-modal approach is
that governments do so in the face of conflict between differing interest
groups, each attempting to ensure that their principal benefit is
maintained. Inevitably, compromise between competing uses and
objectives has to be reached because none has a pre-ordained right
to dominate. Participation by representatives of stakeholders is a
prerequisite for success in implementing policies and institutional
changes in rangeland regions. Prospects for participation by stake-
holders in developing policies and changing institutions are now good
as effective approaches are available.

Scientific people

Some question whether scientists should be numbered among range-
land people. Nevertheless, scientists are drawn to the rangelands, want
to serve rangeland people and, through research, contribute to their
social and economic well-being and the sustainability of rangeland
resources. The uniqueness of rangeland ecosystems and the people
fascinate them. However, there is a divide, sometimes very wide,
between what scientists produce and the expectations of other range-
land people. Rangeland people may support scientific research in
principle but the products are often ignored and they rely only on their
personal local knowledge. This congress provided clear messages to
scientists that it is urgent that this gulf be bridged.

Part of the problem is that scientific and local knowledge clearly
develop in different ways. Science creates models to structure informa-
tion and evaluates the models by experimentation. The organizing,
validating and transporting of knowledge is conducted in a
well-developed impersonal manner through space and time and allows
science to ‘claim’ universality. In contrast, local knowledge develops
from observation and ‘imitation’. Indigenous peoples have local
knowledge systems of long standing. Graziers are of comparatively
recent origin and their local knowledge is different. Just as each local
‘community’ comprises a mix of often diverse and disparate social
groups and cultures, so local knowledge systems contain varied and
contested ways of knowing and managing the same local environments,
all of which may be different from those of ‘outsiders’ such as
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conservationists, government officials and scientists. Indigenous and
other local knowledge is also not static – it grows over time and in
response to new stimuli. Local knowledge is also context-dependent,
like science, and failure to appreciate this leads to poor uptake of
technological solutions in rural development.

The challenge ahead is to build more effective bridges between
scientists and other rangeland people. Bridges do exist but these
should be strengthened and many new ones built. New strategies are
emerging throughout the world’s rangelands that will help incorporate
traditional ecological knowledge into scientific thinking about resource
management. Knowledge from practical experience of grazier people
should also be used as a platform for innovation and operational scale
experiments that involve graziers and scientists working together in
partnership. The congress recognized that these bridges will be most
effective in promoting change if they are built on the adaptive capacity
of people.

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 conser-
vation. Rangeland scientists must therefore include different human
values and perceptions in their understanding of resources and
resource use. Scientists can contribute to the development and imple-
mentation of the strategies developed by rangeland communities, but
in many cases this will require a substantial change in their modus
operandi towards approaches that integrate biophysical, cultural and
economic goals.

Information or insight has to be communicated to, and accepted by,
other people before it becomes part of a system of knowledge. Scientists
in general do this poorly. Trust needs to be strengthened so that
scientists and other rangeland people alike accept exchanged informa-
tion as valid knowledge. New ways need to be found for integrating
science with local knowledge in ways that promote sustainability.

A number of knowledge areas were identified at the Congress as
being in need of more development. One area is desertification that
affects millions of rangeland people. Progress with managing desertifi-
cation has been slow and was identified as a continuing problem
for many indigenous and grazier people. It must remain an area for
scientific research. Rangeland scientists must better understand the
social and economic systems for these now contain the ‘bottlenecks’.
We know how landscapes lose function and productive potential when
overgrazed. This knowledge, coupled with the development and appli-
cation of on-ground and remotely sensed methods for determining
change in landscape function, now place the necessary technical tools
for locating where desertification is occurring within the grasp of all
rangeland people.
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However, there are major deficiencies in our knowledge of soil
processes. One is the biology of soil processes. The web of organisms
involved in the decomposition of organic matter is not understood in
sufficient detail. The survival of key organisms during desertification
and the consequences if they fail to survive are poorly known.
Furthermore, there is a need to integrate knowledge of soils across
scales and to know more about the alternative pathways and ‘critical
thresholds’ in soil processes. Growth in study of the fine-scale relation-
ships of within-soil processes would assist the management of both
desertification and biodiversity.

Another area of inadequate knowledge is how to scale-up
knowledge to address vegetation dynamics at larger scales. A central
problem encountered when scaling vegetation responses to regional
levels is the limited ability to quantify and interpret complex floristic
responses involving a large number of individual species. It is now
possible to group plant species in terms of both their responses to
disturbance and their effects on ecosystem processes. Prospects for
global comparisons now depend on development of standardized
approaches for identifying the general patterns of vegetation responses.
Rangeland scientists also need to know to what extent species may
replace each other without a loss of system function. Use of plant
functional types for indicating likely vegetation change and the
responses of rangeland ecosystems to disturbance deserves further
development.

An important and growing aspect of rangeland management is the
control of exotic and native weeds. In rangelands these are typically
shrubs and grasses of low palatability. They affect the profitability
of pastoral businesses and influence biodiversity. The area of
weed-infested rangeland is increasing because there are few economi-
cally viable solutions to plant invasions of the rangelands.
Occasionally we make inroads into rangeland weeds through less
expensive technologies such as fire and biological control, but globally,
the weeds are winning the war. Clearly weeds are the consequence of
human colonization and it is rangeland people that must manage
weeds or learn to live with them. Weed management in rangeland
ecosystems requires research to develop more strategic approaches
with a focus on risk assessment of ecosystems rather than species.

Increasingly, graziers are required to keep an eye on both produc-
tion and conservation goals in their pastoral businesses. Conservation
of biodiversity, although a ‘fuzzy’ concept, is often an undervalued
by-product of rangeland grazing. Conservation ecology and its relation-
ship with social and economic systems is clearly a growth area.
Scientists are increasingly required to develop appropriate methods to
assess biodiversity; point-in-time and point-in-space methods are
inadequate. The use of surrogates for biodiversity levels, such as
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landscape function analysis, should be further evaluated. Scientist
and manager alike must better understand the benefits of ecological
services and contributions to the resilience of rangelands provided by
biodiversity.

The exchange of knowledge between scientists and rangeland
managers takes place in many ways but the future must include
computer modelling for simulation. Scientists already have a number
of models that achieve acceptable predictions of biomass change at
paddock, property and regional scales. The impact of climate and
market variation on commercial production of meat and fibre can
now easily be evaluated to address ‘what if’ type questions. Models,
termed agent-based models, are now being developed to include the
complexity and interactions between social, economic and biophysical
systems. As rangeland analysts and modellers come to grips with
integrating the human dimension of rangelands into their ecological
models and understanding (or vice versa), they face the severe problem
of the limited compatibility, both theoretical and practical, between
most current economic models and ecological models. When these
and other problems are overcome, the developments will be useful to
a wide range of people who are responsible for grappling with the
behaviour of complex systems in the rangelands and elsewhere.

Making the existing and future models useful to a section of range-
land people managing at different spatial scales remains a big problem.
For example, how do scientists present the important concept of uncer-
tainty to different audiences in ways that have meaning to them? What
is required is a more inclusive, comprehensive framework for analysing
rangeland issues which incorporates social, economic and ecological
aspects and which provides pathways for implementation of the
decisions made by local institutions. Despite the many challenges that
face modellers there are remarkable opportunities to be seized in
Internet technology, computing power and conceptualization. These
opportunities will make the next decade a very exciting time for
modellers and users of models. Communication between scientist
and manager need no longer be a top-down or one-way process. The
question of how best to capitalize on these developments in modelling,
and involve rangeland people so that they have a sense of ownership,
requires urgent consideration by scientist and user alike.

Understanding the dynamics of rangeland vegetation, and the
influence of fire, grazing and drought, has been a popular activity of
scientists. It is a well-researched area. However, the myriads of studies
have not provided a high degree of predictive capacity. More data is
not the immediate answer. More understanding and new perspectives
are urgently needed. Scientists should be endeavouring to construct
coherent conceptual frameworks for predicting the consequences of
factor interactions. This should be done at a range of scales so that
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emergent properties at higher scales are modelled and understood.
Biological variability and complex interactions between organisms
should be included in model validation experiments, rather than
avoided, even if it means less clear mechanistic insight. Natural
resource administrators and science programme managers should
therefore support the construction of coherent conceptual frameworks
for understanding how factors interact to influence the dynamics of
vegetation across relevant scales.

We perceive that grazing management research will diminish.
There is now good predictive understanding of how individual plants
respond to grazing, how grazing regimes influence the dynamics of
plant populations and when landscapes, with their assemblages of
plant and animal communities, respond to grazing pressure. Total
grazing pressure, rather than grazing system, appears to be the major
factor in grazing management. The processes can be modelled. It is now
time to shift some, but not all, resources from this area. There is still a
need to better understand the effects of drought and how grazing can be
most appropriately managed before and during these times. This
research is in progress.

The major lesson for scientists from this congress was to build into
their teams, those with social and economic system skills. The new
science approach unfolding now in rangelands is the management of
complex adaptive systems. This shift requires a different combination
of research skills and outlooks from those that were prevalent in the
last 50 years of the old millennium.

Concluding Remarks

The VI International Rangeland Congress provided yet again, an impor-
tant forum for exchange of ideas and experiences and for renewing and
making new friendships with people around the world. The extent to
which the scientific programme was able to significantly influence
and shift the ‘mind-sets’ of participants is difficult to assess. Hopefully,
participating scientists and members of public and private institutions
especially, will more fully appreciate the needs of rangeland people
and the importance of searching for and achieving sustainable social,
biophysical and economic systems in their rangelands.

Rangelands of the world will continue to be marginalized from
the global economy, most urban people and national governments.
However, they remain the home of millions of people, and contain and
supply much that is important to non-rangeland people. Future meet-
ings of the International Rangeland Congress and its sister organization,
the International Grassland Congress, will continue to be important for
supporting rangeland people. The challenge for the future of both
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congresses will be to more comprehensively discuss the social and
economic systems as well as the biophysical system in the context of
the many and varied visions that rangeland people have for their
futures.
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Bromus tectorum 109
building the future 245–251,

261–269
Bureau of Land Management, USA

report 162

Californian grasslands, invasive
species 104

Campbell, C.J. 17
carbon dioxide 17–19
carbon sequestration 205
caring 269
Cartesian reductionist paradigm

170
catchment water yield 188
cattle see herbivores; livestock
cellular automata 174
CENTURY 171, 178
challenges

future 215–219
key 52–53
modelling 175–179
people 1–8
personal 268
policy-makers 242
practical 245–251

change, key drivers 12–22
change proposals 229–231
chieftainship role, Africa 248
Chihuahuan desert invasive species

104
China 16, 154
city people 277
classification 81–84, 88, 91–92, 94,

163
Clementsian view of rangeland

succession 73, 132, 134, 135,
136

climate
change 11, 18–20
factors 68
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Framework Convention on
Climate Change (FCCC) 18,
204

Intergovernmental Panel on
Climate Change 18

LAI–climate curve 187
plant functional response types

87–88
soil–plant–livestock–climate

relationships 272
variation 136
wetness index 189

coherent conceptual frameworks
282–283

collaboration 197–208, 266,
267–268, 273

see also cooperation
colonization 29, 31, 32–36, 103, 274
commercial pastoralism 3
common approach 249–250
Commonwealth Government of

Australia, Natural Heritage
Trust 124

communication 21, 50, 82, 268
communities

Aboriginal 20, 21, 37, 46, 48,
51–52

American Indian 37
composition, resources

availability 68
developed countries 275
Indian tribes 20
organization, contrasting

perspectives 64–74
people 45
plant 63–75, 93
vision 273

competition vs. facilitation 66–67
complex adaptive agents models

173–174
complex adaptive systems 170,

255–259
complex organismic interactions

70–71
compromise 242
concepts 211–215
conservation

biodiversity 117, 275–276
goals 159, 161, 192, 281–283

nature, modelling 240
needs, tree planting 191
off-reserve 123–126, 276, 278
stakeholder groups 123–126,

224, 225
Conservation Ecology 178
Consilience: the Unity of Knowledge

264–265
consilience 177, 180

defined 5–6
constraints, educational and

technological 248–249
consultation 214–215, 217, 276
Consultative Group for International

Agricultural Research
(CGIAR) 203, 207

control methods
biocontrol 102, 103–104,

108–109, 281
importation 110
optimal control model 258–259
salinization 191–192
weeds 105–107, 108–109, 281

Convention on Biological Diversity
(CBD) 117–118, 204, 218

Convention to Combat Desertification
(CCD) 204, 206–207, 208, 218

conventional ecological theory
inadequacy 213

conversion to agricultural or urban
land 121

cooperation 107, 124, 206, 249–250
see also collaboration

Cooperative Research Centre for
Weed Management Systems,
Australia 107

cost sharing 275–276, 277
Coughenor, M.B. 171–172
coupling animal population to dry

season resources 136–138
cultural changes 250–251
cultural homogenization 20–21
cultural survival 274

data aggregation and disaggregation
162–163

data needs and concerns in resources
accounting 158–159
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decentralization 214
decision support tools 205–206
deficit models 50
degradation 15, 55, 139, 197–208,

266
deposition processes 58
description vs. experimentation

69–70
descriptive approaches 69, 74, 75
desertification 55–60, 197–208, 261,

280–281
developed countries 202, 274, 275
developing countries

advisers 226, 230
education 248–249
human population growth 274
mental models 229, 230
pastoralists 226–227
politicians 226, 230
stakeholder groups 225
technological constraints

248–249
tourism industry 228, 229

development
aims 245
concepts, new 213–215
defined 245
international assistance 202–204
knowledge 280
multiple use 105

directional trends, grazing 138
diseases 21–22
distribution of rangelands 30
disturbance 65, 68, 87–88, 105, 281
diversification 216–217
diversity 152, 268

see also biodiversity
donor assistance 200–202, 206–207,

248
dormancy 149
drivers 12–22, 120–122, 131–132,

258
drought strategies 216
duty of care 161
dynamics model 132–134, 136

East Africa 32
eco-ecological modelling 240–242

ecohydrological equilibrium
hypothesis 188, 189

ecologists 239–242
ecology

assessment programmes, rapid
37

conventional ecological theory
inadequacy 213

development, indicators 153
economics 235–243
hierarchy 71–74
integrated (biophysical–social–

economic) rangeland system
256–259

models 256–257
rangelands contribution to 216
services 119–120, 274–275
vulnerability, Australian

landscape 48–49
economics 5–6, 185–193, 216,

235–243, 274
ecosystems

assessment, rehabilitation 154
models 276
plant functional effect types

92–94
risk assessment 110–112
services 4–5, 274
thread 170–172
weed management 106–112

ecotourism 217
edaphic environment 59
education 248–249
effect plant functional types 83–84,

92–94
electronic journal 178
Elliott, Brian 47
ELM 171
emergent themes 23
emissions 11, 12, 17–19, 205
employment diversification 216–217
empowerment 214, 261–269
energy futures 17
environment and agriculture

204–205
environmental consequences, tree

management 185–193
environmental impact assessment,

weeds 107–108
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environmental sustainability
154–155

epistemological explorations, local
knowledge 49

equilibrium
defined 136
ecohydrological equilibrium

hypothesis 188, 189
equilibrium–non-equilibrium

continuum 135
key resources 137
LAI 187
modelling 132–134, 169–170
system 139

erosion processes 58
error propagation 177
European colonists 46, 103
exotic species 101, 148–150, 281

see also imported species;
invasive species

experimental approaches 74, 75
experimentation vs. description

69–70
extension 250

facilitation 63, 66–67
fauna and flora homogenization 21
feeding relationships, soil fauna 59
Feeding Styles model 174
fertile patches 58, 59
field experiments, problems and

pitfalls 70–71
financial incentives, graziers

275–276
financial systems 48
fire 68, 150, 151
Flannery, Tim 263–264, 267
flora and fauna homogenization 21
food security 13–14
FORAGE 171
foragers 33–35
formulaic resting 140
fossil fuel supplies 17
fragmentation 105
Framework Convention on Climate

Change (FCCC) 18, 204
free market policy 258
functional redundancy 93

funding, South Africa 102
funding agencies, international,

challenges 215–219
future

challenges 215–219
directions 60, 106–112
integrating knowledge 52–53
meetings 283–284
new strategies 37
prospects, vision 272
shocks 11–24
way forward 74–75

Future Harvest Centres 207, 208
‘Future shocks to people and

rangelands’ 265
futures, energy 17
fuzzy access rights 255

gender roles 250–251
genetically modified organisms

(GMOs) 110, 121
Gleason, H.A. 73
global dryland setting, new 202–204
Global Environment Facility 204
global forces 223
governments 102, 124, 236–243, 247,

277–278
GRASP 171, 173
grassland rainfall and catchment

water yield 188
graziers 51, 275–277, 279–280,

281–283
see also pastoralists;

stakeholders
grazing

avoidance 91
community responses 65
effects 68, 132–141
excluded 227
importance 136–140
interrupted 139
management 131–142, 150–151,

283
overgrazing 121
plant traits promotion 95
resistance 88–89, 90–92
systems, plant functional

response types 88–92
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grazing continued
tolerance 91
unimportance? 136–138
vegetation responses 92
see also animals; herbivores;

livestock
GRAZPLAN 173
Green Revolution 203
greenhouse gas 11, 12, 17–18, 205
Grime’s CSR scheme 84, 86, 94
gross domestic product (GDP) 246,

253

harvest centres 207
heathland invasive species 104
herbivores 121, 132–134, 138–141

see also animals; livestock
herders 33–35
heterogeneity 59
heuristics defined 52
hierarchical perspectives 71–74
hierarchy, plant functional types 94
HILLPLAN 173
holistic approaches 74
homogenization 20–21
human

activities 105
cultural diversity 268
development 215, 261–269
dimension 178, 180
population

densities 2
expanding 262
growth 11, 12–13, 15, 120–122,

274
increase 227

rights movements 36–37
see also indigenous people;

people
human resource development 245
humility 266, 268
hunters 33–35
hunting 228
hydrological cycle 187–188

immigration 33–35
impacts 18–20, 107–108, 242

importation controls 110
imported species 103–104

see also exotic species; invasive
species

invasibility 110–112
incentives 275–276
income diversification 216–217
Indian tribes, North America 20
indicators 118–119, 153, 255
indigenous defined 29
indigenous people

cultural homogenization
20–21

cultural survival 274–275
local communities practising

traditional lifestyles 29–37
local knowledge 44, 279–280
regional concentrations 30
rights movements 36–37
traditional lifestyles and

economies 4
wisdom 267–268
see also stakeholders

‘Indigenous peoples in rangelands’
267

Indigenous Protected Area
agreements 37

individuals vision 273
industrialized country 224, 225
information communication

methods, local knowledge 50
information transfer 250
informed policy formulation

238–239
inherent coupling, animal and plant

resources 136–138
Initiative for Collaboration to

Control Natural Resources
Degradation (Desertification)
of Arid Lands in the Middle
East 197–208

institutions
capacity for change 15–17
change proposals 229–231
decay, drivers 19–20
defined 223
development 215
failure 22–23
managements 255
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people 277–279
sustainable resource use

221–233
integrated (biophysical–social–

economic) rangeland system,
ecology 256–259

integrated weed management (IWM)
108–109

intelligent agents design 179
inter-species justice 263
interactions 6, 63, 66–67, 68–69
Intergovernmental Panel on Climate

Change 18
International Agricultural Research

Centres (IARCs) 203
International Biological programme

68
International Centre for Agricultural

Research in the Dryland Areas
(ICARDA) 198–208

International Fund for Agricultural
Development (IFAD) 246

International Grassland Congress,
future meetings 283–284

International Maize and Wheat
Improvement Centre
(CIMMYT) 203

international perspectives 211–219
International Rangeland

Congresses
II, 1984, Adelaide, Australia 5
V, 1995, Salt Lake City, Utah

5, 7, 253–254, 271
VI, 1999, Townsville, Australia

xiii–xiv, 7, 221, 223, 253–254,
271, 283

International Rice Research Institute
(IRRI) 203

Internet 21, 178–179
interrelationships 6, 119
interrupted grazing 139
introduced species 11, 21–22,

101–112
invasive species 21–22, 101–112,

122
see also exotic species; imported

species
isolation 45

IWM (integrated weed management),
extensive land systems
108–109

Jarman, P.J. 174
Johannesburg seminar 246
Johnston, Peter 174
Jordan 198, 199
Jornada Long-Term Ecological

Research Programme 104
Journal of Range Management 3
journals 3
junk science 164–165
justice 263

Keddy, Paul A. 74
key drivers of change 12–22
key resources 137, 138, 217–218
Kidman enterprise 254
knowledge 37, 44, 49–50, 52–53,

280–281, 282
see also local knowledge

Kochia prostrata 109
Kyoto Protocol 18, 218

land
access to 217–218
contour restoration 152
management 197–208
monitoring 160–161
ownership 201
resources management

185–193
land rehabilitation 147–167
land use

change 185
multiple use 105
patterns 31
planners conceptual difficulties

219
planning 94
practices 35–36
traditional pastoral 5
see also landscape

Landcare Movement 50–51
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landscape
assessment 163–164
degradation 266
ecological vulnerability 48–49
ecology 163–164
function analysis 276
function assessment 59–60
heterogeneity 137
knowledge 44
livelihoods 262
management, people 43–53
readings 51
scale 157, 158, 166
type data 164
uses, local knowledge 46
see also land use

lateral thinkers 242
Leaf Area Index (LAI) 187
leaf–height–seed (LHS) scheme 86
legally binding agreements 125
limiting factors, water vs. nitrogen

64–65
livelihoods 253–259, 262
livestock

contribution to GDP 253
coupling with vegetation

133–134
grazing 137–138, 150–151, 152
industries decline in economic

and political importance 275
methane emissions 18
populations 121, 122, 133
production 5, 254, 272
resource utilization 4
stocking rate 139–140
water 227
see also animals; grazing;

herbivores
local empowerment 214
local knowledge

defined 45–46
epistemological explorations 49
graziers 279–280
indigenous people 44, 279–280
information communication

methods 50
representations 173
respect for 280
systems, Aboriginal people 46

validation 50, 52
see also knowledge

Madrid Peace Conference 1991 197
main effects 74
main effects vs. interactions 67–69
management

effectiveness 159
goals 159
and plant functional types

81–96
practices, scale 57
rehabilitated areas 150–151
resources accounting 158–159
strategies, biodiversity 122–126

managerial thread 171, 172
marginalization 22, 277, 283
markets 105–106, 223, 258
Masai tribes 20
memes 44
mental models 222–233, 258
methane emissions, livestock 18
microbial decomposer responses to

plant tissue chemistry 64–65
Middle East 197–208
Middle Eastern rangelands

nationalization attempts 35
millennium modellers 178
mined surfaces rehabilitation

147–155
mining industries 4
mites 58
modelling threads 170–172
models and modelling

agent-based modelling 169–180,
256–259, 282

analysis phase 170–172
approaches 74, 75
deficit 50
dynamics 132–134, 136
eco-ecological 240–242
interface agents 178–179
millennium modellers 178
mixing models 135–136
nature conservation 240
plant functional types

identification 96
plant–soil feedback 65
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populations 132–134
rangeland science 169–180
scale, key problems 176
species–environment

interactions 67
synthesis phase 173–175

monitoring 157–167, 272, 276
Montreal process indicators 255
mortar 269
multi-modal approach 236, 279
multidisciplinary cooperation

249–250
Multilateral Middle East Peace Talks

202, 208
multiple functions recognition 214
multiple uses 4–5, 6–8, 105,

235–243, 254
multiple working hypotheses

approach 75
Murray–Darling basin, Australia

190–191

Namibia 32
National Agricultural Research

Systems (NARS) 207
National Development Agency, South

Africa 248
National Range and Pasture

Handbook 136
National Rangeland Management

Strategy 1996 43, 53
National Resource Inventory (NRI)

162–163
National Support Activities (NSAs)

198, 199
National Weed Strategy, Australia

106, 107
national/regional accounting 166
nationalization attempts, Middle

Eastern rangelands 35
native species 148–150, 281
Natural Heritage Trust,

Commonwealth Government
of Australia 124

Natural Resource Conservation
Service, USDA 136

natural resource management (NRM)
204, 212, 214, 217, 218–219

Natural Resources Conservation
Service (NRCS), USDA 136,
162–163

nature conservation modelling 240
nature reserves 123, 278
needs 262
nested hierarchy, plant functional

types 94
networks 266, 268
new concepts 213–215
new visions 271–284
nitrogen 58, 63, 64–65, 104, 105
nomadism 138–141, 254
non-Aboriginal graziers 51
non-equilibrium 133–134, 135, 136,

170
see also equilibrium

non-native species 104
nutrients 60, 64, 65

off-reserve conservation 123–126,
276, 278

oil reserves 17
opportunities, modelling 175–179
optimal control approach 256,

258–259
organic matter 56, 57, 58
organisms, body size influence on

soil structure and soil fertility
120

organizational trends 204–207
ornamentals 103, 104
overgrazing 121

paddock/property scale 157, 158
Palestinian Authority 199
Palestinian Environmental Authority

198
participatory approach 214, 215,

221–233
participatory engagement 267–268
participatory planning 37, 254
participatory rural appraisal 37
pastoralism

Africa 20, 32, 36
commercial 3
development 213
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pastoralism continued
resource 4
systems 213–214, 217
traditional 5

pastoralists
commercial 1–2
consultative process 217
developing countries 226–227
extinct 258
mental models 258
mobile land use 218
nomadic 138–141, 254
people representation 217
socio-economic model 257–258
stakeholder groups 224–227
traditional 212
see also graziers; stakeholders

patches, fertile 58, 59
people

biodiversity 117–126
challenges 1–8
empowerment 261–269
institutional 277–279
invasions 101–112
perspectives and prospects

43–53
rangeland communities 45
scientists 279–283
shocks 11–24
urban 277
see also human; indigenous

people
‘People and rangelands: building the

future’ 7, 261, 271
People’s Republic of China, land

rehabilitation conference 154
perception scales 73
perceptions 43–53
perspectives

broadened 267
hierarchical 71–73
human development 261–269
international 211–219
maintenance, principle challenge

241
new 74–75
people 43–53

phenological traits 89–90
phytosanitary regulations 106

Pike, Jimmy 46
planning sustainable resource use

221–233
plant

classification 81, 82–84,
91–92

communities 63–75, 150
exotic species 148–150
introductions 11, 21–22,

101–112
native species 148–150
productivity and species

composition 132–134
resource trapping 58
responses 64–65, 91–92
specialization patterns 94
see also plant traits; vegetation

plant–animal interactions 68
plant functional types 81–96, 281
plant traits

ecological 82
identification 88
influencing community/

ecosystems 93
multiple 84–85
phenological 89–90
regeneration 85, 93
resistance 89–92
selection 85–87
species 81
vegetative 85, 92–93
see also plant; vegetation

Point Four Program 202–203
policy

better 235–243
change proposals 229–231
decisions 201
development 276–277
free market 258
government 236–243
impacts 242
informed policy formulation

238–239
instruments 275
rehabilitation 151, 162–163
setting, regional assessments

161
sustainable resource use

221–233
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water allocation 188
weed risk-assessment 109

policy-makers 219, 232, 233, 242,
278

policy-making, participatory
approach 221

politicians 226, 229–231
polluter pays principle 106
pollution, atmospheric 17–18
populations

colonizing 31
densities 2
dynamics model 132–134
growth 11, 12–13, 15, 19–20,

120–122, 274
herbivore 121, 132–134,

138–141
see also animals; human;

livestock
positive species interaction 63,

66–67
post-Second World War agricultural

development evolution
202–204

poverty 245
prediction 282–283
private vs. public viewpoint

160–162
process modelling 170–172
product prices 14–15
production goals 161
productive capacity loss 158–159
products diversification 217
progress, rangeland people 273–283
projects

implementation 248
natural resource management

(NRM) 218–219
rangeland development 212
research and development

projects development
spending 203–204

Sahelian West Africa projects
261

property-level approach 212
property-level assessment 164
property-level monitoring 160, 162
prospects 271–284
public land management 161

public perspective 236
public policy 265
public vs. private viewpoint

160–162

qualitative assessment, rehabilitation
152

quarantine barriers 112

rainfall
catchment water yield 188
changes, impact 19–20
data, drivers 258
effects 68
low 227
variability 64, 136

ranching approach 157, 212
range conditions 272
range management 81–96
range users behaviour 235
rangeland development concepts

211–215
rangeland science see science
rangelands defined 2–4
rangelands distribution 30
‘Rangelands: people perceptions and

perspectives’ 267
Raunkiaer’s Life Form Classification

83
recreation 105
reductionist approaches 69–71, 74
regeneration traits 85, 93
regional assessments, setting policy

161
regional cooperation 206
Regional Initiative for Dryland

Management 197–208
regional linkages, donor programmes

206–207
regional/national scale 157, 158
regional/national-level assessment

159, 162, 164
regional resource assessment and

planning 276
Regional Support Programmes (RSPs)

198, 199
regulator policies 258
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regulatory assessment, rehabilitation
154

rehabilitation 147–155
relevant rangeland science 264–265
remote sensing 205–206
requisites, building 262–265
research and development projects

development spending
203–204

resistance traits, plants 89–92
resource trapping, plant 58
resources

accounting 157–167
assessment 278
availability 68
basic, maintenance 5
grouping plants functional types

278
key, equilibrium 137
management 5, 37
monitoring 157–167, 272, 276
use conflicts 232

response plant functional types
83–84, 87, 88–92, 93–94

revegetation 153
rights 36–37, 48, 201, 255
Rio de Janeiro environmental agenda

206
Rio Treaties 204
risk assessment 109–112
role-play approach 222–233, 258
runoff/run-on processes 58, 60
run-on agroforestry 189
rural extension 250

Safe Carrying Capacity model 174
Sahel 55, 213
Sahelian West Africa projects 261
salinization 188, 191–192
Salix sp. 82
SAVANNA 171–172, 173, 178–179
savannas 118
scaling

agent-based modelling, people at
different spatial scaling 282

definition 158
landscape 157, 158, 166
management practices 57

modelling 175–176
paddock/property 157, 158
perception 73
rangeland accounting 157–167
regional/national 157, 158
soil properties 57
spatial 91–92, 165, 166
temporal 91–92, 165–166
vegetation responses 81, 92, 281

science
benchmark 272
capacity to generate knowledge

49–50
involving rangeland people 262
knowledge validation 50
modelling evolution 169–180
rangeland management 3–4
relevant 264–265
role 11–24
value-free knowledge 49

scientists 37, 279–283
Secale montanum 109
Seddon, George 47
Sense of Place 47
services 4–5, 37, 119–120, 218,

274–275
set aside 15
shocks 11–24
shrubs 82, 152, 186, 201
simulations 179
single climax 133
slopes rehabilitation guidelines 153
social capital 45
social processes in resource

management 5–6
social sustainability 51–52
Society for Range Management, USA

3
socio-economic model 257–258
socio-economic vs. biophysical

factors 6
socio-economics 253–254
sociology 124, 185–193, 250–251
soil–plant–livestock–climate

relationships 272
soils

biota, interrelationships 119
characteristics, potentially toxic

149–150
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compaction 58, 155
fauna, feeding relationships,

semi-arid ecosystem 59
fertility low 149–150
key element successful

rehabilitation 153
moisture 206
organic matter cycling 57
organisms, body size, influence

on soil structure and soil
fertility 120

processes 56–60, 281
productive potential assessing

60
properties, scale 57

solutions 255
Sorghum spp. 151
South Africa 102, 153–154, 188, 248

see also Africa
South African Government 102
South American pampas 118
spatial scale 91–92, 165, 166
spatially explicit hydro-ecological

models 206
species

diversity evaluation 152
imported 103–104
interaction 66–67
introduced 11, 21–22, 109, 112
invasive 21–22, 101–112, 122
native 148–150, 281

species–environment interactions 67
SPUR 2000 173
stability indicators 153
stakeholders

collaborative partnerships 124
conflict over water issues 185
groups 224–227
involvement 123–126, 224, 225,

267–268
mental models 229–231, 233
participation 267–268, 274–275,

279
role 221–223
water resources 185–193
see also graziers; indigenous

peoples; pastoralists; people
standards, rehabilitation 151,

153–154

state policies, rehabilitation success
assessment 151

state-and-transition models 133, 134,
135–136

stewardship 255
stocking rate, livestock 139–140
strategic weed control 106–107
structural requirements identification

264
Sub Regional Action Plans,

Convention to Combat
Desertification (CCD)
206–207, 208

succession approach 73, 132–134,
135, 136

sustainability 6, 43, 131, 153–154
assessment 159
data needs and concerns

158–159
grazing lands 131
habitation 254
land monitoring 160
maintenance of basic resources

5, 6
rangelands design 265
rehabilitation 153–154
resource use 221–233
social 51–52
through policy and institutional

change 222
traditional land use systems

35–36
vision 263–264
water resource development

186–187
of what? 43

sustainable region defined 223
synoptic measures 164
synthesis 170, 173–175, 180,

271–284

TAMU 171
Tansley, A.G., conception 73
targeted spelling 140
technical trends 204–207
technology

advances 163, 166, 179, 254, 282
constraints 248–249
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technology continued
new 276
transfer, rehabilitation research

155
temperature changes, impact

19–20
temporal scale 91–92, 165–166
territorial self-interest 124
themes 4–8, 23
threats 120–122
Tilman, D. 70
time factor 165–166
tolerance 90–91
tourism industry

developing countries 228, 229
ecotourism 217
importance 4
investments 223
mental model 229
stakeholder groups 224
trends 227

trade 14–15
trade-offs 90–91, 94
traditional ecological knowledge,

resource management 37
traditional pastoral use 5
traditional range succession 135
traditional rights 36–37
traits see plant traits
trans-generational justice 263
tree management 185–193

uncertainty 176, 177–178, 179
unimodal approach 235, 236
Union of Concerned Scientists 264
United Nations Conference on

Desertification, Nairobi 1977
261

United Nations Conference on
Environment and
Development (UNCED) 204

United Nations Earth Summit
meeting 1992, Rio de Janeiro
206, 263

United Nations World Food
Conference 1974, Rome 261

urban people 277
urban–rangeland relations 20

Uruguay round of the General
Agreement on Tariffs and
Trade (GATT) 106

USA
Bureau of Land Management

report 162
economy, production losses,
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