From Farm Management to
Ecosystem Management

Alistar Robertson and Jim Pratley

While farms are the basic management unit in dryland farming
systems, ecological processes, which control the structure and,
Junction of resources, act over a variety of space and time scales
and are influenced by social and economic Jactors outside farm
boundaries. Sustainable resource use thus requires management
of complete agroecosystems. A shift Jrom farm to ecosystem
management must acknowledge a hierarchy of scales,
disturbance as a natural process, the importance of biodiversity
and human activities as key components of the Junctioning of
dryland farming systems. To achieve ecologically sustainable
use of resources through ecosystem management will require
behavioural changes by farmers, scientists and, governments.
Farmers meed better access to information and a willingness to
learn through group activities with other producers and
scientists. Scientists need to develop a better understanding of
agroecosystems and communicate their information clearly, but
without compromise. Governments need to acknowledge that
allowing market forces alone to determine the direction of rural
development is clearly a recipe for ecological and social
breakdown. Governments must develop an ecosystem perspective
to policy on resource management and, instigate a process of
environmental monitoring of farms.
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1 INTRODUCTION

Australian farmers have always understood the influence that economic and
social forces outside their farm boundaries have on the way that they farm.
However, only recently have a large number of farmers realised that climatic and
biogeochemical processes, acting at catchments or larger spatial scales and over
decades to centuries, provide the ultimate controls on the productivity of their
land. Good illustrations of such processes have been provided in earlier chapters
on salinity, weeds and soils (Eberbach 1998; Pratley et al. 1998; Chan and Pratley
1998), but also include the challenge provided by climate change (e.g. Jones and
Pittock 1997). Modern farmers are therefore seeking more holistic, ecosystem
models for land management (e.g. Kondinin Group 1996; Withers 1997; Milliken in
press).

Most of us know farmers who are acknowledged ‘good operators’. Their
properties have good pasture, areas of bushland or plantations, preservation of
swamps and water courses, productive crops and livestock and healthy soils with
little or no erosion. These are the farmers who are usually economically
successful, and who are most able to ride the ups and downs of markets and
climate. What distinguishes these farmers from others is access to finance, access
to and knowledge of resources and markets, ability and preparedness to plan at
the whole farm level and over the long term, and ability to change plans and the
way they farm following the acquisition of new knowledge. Apart from showing us
that it is possible to balance production and environmental imperatives, such
farmers can be used to illustrate three principles (see below) that must be used by
farmers, scientists and government if Australia is to achieve a balance between
agricultural production and biodiversity conservation as outlined in the National
Strategy for Sustainable Development (Commonwealth of Australia 1992).

The centrepiece of any good example of resource management is a conceptual
model of the system which contains the resource. Such a model must include an
understanding of the ecological, social and economic factors influencing farm
resources, an appreciation of how the relative importance of these factors
changes with time and space scales and an appreciation of how ecological, social
and economic factors affect each other. Notwithstanding the central role of social
issues in sustainability (Gunderson et al. 1995), we have deliberately placed
ecological factors first in our list, because ecological processes set the boundaries
for what is possible with resource use (Birch 1993; Cullen 1998).

The ability to construct such a model depends to a large degree on access {0
appropriate information. There exists a plethora of information on all aspects of
resources and their use, but in many cases it is not always useful. Firstly, much of
the information is published in the ‘grey’ literature (Curtis et al. 1998), and has not
been subject to peer-review and is therefore possibly unreliable (e.g. Benson and
Redpath 1997). Secondly, much of the scientifically reliable information has not
been made available in a form that is easily understood or useful to many resource
managers (e.g. Robertson 1997b).

Finally, the ability to learn individually and as a community is a key element
in moving towards sustainability (Bawden and Packham 1991; Cullen 1998). There
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are three critical components to the learning process. Firstly, resource managers
at all levels need to maintain a healthy scepticism regarding generic solutions to
resource degradation. This is because:

() much of the knowledge of ecosystem function is still rudimentary

(e.g. Robertson et al. 1996) and will always be incomplete (Christensen
et al. 1996);

(ii) ecosystems and farming systems are variable in space and time (Pickett

et al. 1992; Vanclay 1995); and

(iii) mistakes have been made in the past by uncritical acceptance of experts’

biophysical advice (Reeve 1997).

Secondly, management actions need to be monitored to determine their
effectiveness. What major company would change its operations without
measuring the effects of such changes? Yet farmers and other biophysical
resource managers rarely monitor outcomes of management actions in any
organised way (Knopman 1997). Finally, because traditional approaches to
extension do not appear to be effective in altering the behaviour of resource
managers (Reeve 1997), there is a need for more direct and shared partnerships in
learning about the outcomes of resource management solutions (Bawden and
Packham 1991; Cullen 1998). Such partnerships need to inform, while at the same
time maintain the objective stances of participants (see Section 4, below).

Previous chapters have reviewed some of the biophysical, social and policy
impediments to sustainable agriculture in Australia. They reveal that the causes of
some environmental problems in rural Australia are well understood but that,
despite the highly desirable activities of Landcare and other local, state and
national groups, land and water degradation remains a major environmental
problem (SEAC 1996).

In this chapter we draw out some of the key principles underlying ecosystem
level management, suggest ways in which all participants in sustainable resource
use can change their attitudes and behaviour, and offer some suggestions on how
we might move closer to sustainable management of agricultural lands. Although
much of what we have to say is generic, we are focusing on dryland farming
landscapes since much has already been written about rangeland management
(e.g. LWRRDC 1994; Campbell 1997).

2 ECOSYSTEM MANAGEMENT OF AGRICULTURAL
LANDSCAPES: PRINCIPLES AND PRACTICALITIES

Many farmers, agricultural scientists, social scientists, ecologists and members of
resource management agencies have acknowledged for some time that solving the
conflicts in resource use and preserving resources for the benefit of future
generations requires a more holistic or systems approach to farm resource
management (e.g. Bawden and Packham 1991; Lee 1992; Hobbs and Saunders
1993; Vanclay and Glyde 1994). Governments generally in Australia have been
slow to embrace this approach, preferring the easier ad hoc mechanisms adopted
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of the past. In its broadest sense, the emerging discipline of ecosystem manage-
ment provides the appropriate model for efforts to make Australian agricultural
landscapes sustainable. Wood (1994) defined ecosystem management as:
‘integration of ecological, economic and social principles to manage biological
and physical systems in a manner that safeguards the ecological sustainability,
natural diversity and productivity of the landscape’. Clearly, ecosystem
management is as much about managing human activities as about managing land,
water and biota (Christensen et al. 1996).

Recent reviews of the scientific basis for ecosystem management (e.g. Christen-
sen et al. 1996) reveal some important features of ecosystem structure and
function, which are worth summarising below because they provide a useful
framework for considering the management of agricultural lands in Australia.

Scales of organisation

Ecosystem processes operate over a range of spatial and temporal scales. The
structure and ‘behaviour’ of any component of an ecosystem is a result of past and
present factors operating across the landscape that surrounds them (Christensen
et al. 1996). The salinity of river waters at any location in the Murray Darling Basin
is determined by a hierarchy of factors. Past geological and climate events
resulted in the development of the riverine plain over sedimentary layers
containing salt. The interaction between variation in river flows, local
geomorphology and groundwater inputs to rivers caused variation in river salinity
prior to European settlement. Superimposed on this complex of factors,
alterations to the spatial arrangement of vegetation and surface and groundwater
flows at regional and local scales over the last 150 years have resulted in high
salinity waters occurring more regularly and at more locations than previously.
Future global climate change, through its impact on rainfall patterns, and local and
regional alterations to water flows and soil and vegetation management in river
catchments will influence future salinity patterns.

There is thus no one particular space or time frame that is the most relevant for
ecosystem management. For instance, while catchment boundaries may provide
the appropriate management unit for water quality, they will not be appropriate for
managing fish (Harris and Gehrke 1997) and birds (Kingsford et al. in press), which
move readily between catchments. The lack of appreciation of the scales over
which ecosystem processes operate has resulted in past and present inappropriate
management jurisdictions. Using the Murray River as a boundary between New
South Wales and Victoria may have seemed convenient at the time it was done, but
it is a very poor boundary for managing ecosystem processes. Similarly, parcelling
up the semi-arid zone into pastoral stations may provide certainty of land tenure,
but no insurance against drought that occurs over much larger spatial scales. Our
electoral system of government ignores any environmental arrangement such as
catchments in determining representation boundaries.
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Disturbance, patch dynamics and humans

Change is the normal course of events for most ecological communities (Connell
and Sousa 1983) and, at various scales, ecosystems are composed of patches in
different stages of recovery from natural disturbance (Wiens 1976). The science of
ecology has moved away from concepts of equilibrium to embrace the view of
dynamic ecosystems as it has become clear that natural disturbances have been
and are the norm for ecosystems.

There are some clear issues for rural Australian ecosystems raised by the
dynamic nature of ecosystems. Firstly, one of the most important resource
management corollaries of ecosystem disturbance and dynamics is that eco-
systems cannot be maintained indefinitely in an undisturbed state (Christensen
et al. 1996). At very long time scales, climate and geologic changes have
influenced, and continue to influence, the structure and function of global
ecosystems. Humans have contributed to changes at continental and regional
scales since prehistoric times. Thus the concepts of ‘naturalness’ and ‘the balance
of nature’ might have very limited time and space constraints (e.g. Taylor 1990;
Bren 1993). Thus, even outside political and economic constraints, setting goals
for ecosystem management is not straightforward (see Section 3 below).

If disturbance at different scales is the norm, just how resilient to human-
induced disturbance are ecosystems? Disturbances generated by humans must be
within the limits set by the present functional, historical and evolutionary limits of
ecosystem processes (Pickett et al. 1992). The rapid rate of present ecosystem
change and the novel character of many human impacts (e.g. tillage, chemical
application, introduction of exotic taxa) present special challenges to our ability
to manage sustainability (Christensen et al. 1996).

The major disturbance caused by agriculture in dryland farming regions is the
loss of the majority of native vegetation and the subsequent impacts on native
biodiversity (Saunders et al. 1990; SEAC 1996). Continuing high levels of distur-
bance to soils, vegetation and water have resulted in declines in soil structure and
alterations to soil chemistry, and the invasion of rural areas by weeds, all of which
have had severe impacts on agricultural production (see Chan and Pratley 1998;
Cregan and Scott 1998; Eberbach 1998; Pratley et al. 1998).

Diversity and function

Biological diversity, including the diversity of genes, species and ecological
processes, is central to the productivity and sustainability of ecosystems. In
particular, biological diversity:
(i) maintains essential processes (e.g. primary production, decomposition of
organic matter, nutrient cycling);
(i) contributes to the resistance to and recovery from disturbance; and
(iii)enables ecosystems to adapt to long-term changes in environmental
conditions (UNEP 1995).
Because our knowledge of the diversity of species, their distribution and roles in
ecosystem processes remains imperfect, a conservative approach to retention of
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biodiversity is required. There is accumulating evidence that increased plant diversity
in pastures and high diversity of soil organisms promote both yields and stability of
agro-ecosystems at the paddock scale (Swift and Anderson 1994). In the dryland
farming areas of Australia, there is some indication that farms which incorporate a
diversity of trees, fauna and habitats have higher long-term yields, presumably
because ecological functions have been preserved (Davidson and Davidson 1992). In
addition, there is evidence that following the loss of macrophytes, owing to the
activities of introduced carp and cattle, there has been a breakdown in wetland health
(Roberts et al. 1995; King et al. 1997; Robertson 1997«). However, reliable scientific
evidence of the relationships between biological diversity and Australian agro-
ecosystem function have not been well documented at any spatial scale.

Models

To manage complex and dynamic ecosystems requires that we construct models
which help us organise our knowledge of processes and relationships and make
predictions about the future state of the ecosystem. Such models range from
simple conceptual diagrams to complex computer simulations. There are two
features of models which need to be highlighted here. Firstly, whatever their
nature, models are the first step in planning resource management at any spatial
and temporal scale. It is clear that farmers, Landcare groups, catchment
management committees and state and federal governments and agencies often
confuse vision statements and plans with models (see below). Vision statements
describe desirable endpoints of ecosystem management. The ‘good operator’
farmers referred to in the introduction have models that represent the
accumulated understanding of the factors that impact on farm outputs, while
sustainable productivity would be their vision.

Secondly, models will always be based on imperfect knowledge of all the
factors which contribute to ecosystem structure and behaviour (Christensen et al.
1996). One of the major outcomes of any resource management plan or decision
should be a more refined model of ecosystem function.

Management as experiment

Many landholders and most resource agency staff are familiar with the concept of
adaptive management (Walters 1986), but it is rare that it ever occurs in Australian
agricultural landscapes. Because resource management is always based on an
imperfect understanding of ecosystem function, it follows that all new manage-
ment actions are essentially large field experiments. The reason why adaptive
management rarely proceeds is that most management actions are not
appropriately monitored. In particular it is rare that areas subject to management
are compared with control sites before or after the management regime is put in
place. Such comparisons ensure that managers are measuring the response to
their management and not some other factor. In addition, it is also rare that
regional differences or differences in responses to management regimes at
different spatial scales are considered in most resource management actions.
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The projects which were recently funded as part of the National Heritage Trust
(NHT) illustrate many of these points. Most projects fail to incorporate monitoring
of the effectiveness of land and water management actions and, if they do, often
the wrong parameters are monitored (see following Section). There was no
coordination across NHT programs to monitor the effectiveness of projects acting
at different spatial scales.

Perhaps one of the great failures of much of the large-scale resource
management promoted by State and Federal agencies in Australia has been that
the uncertainties in the outcome of management have not been communicated to
the general public. Thus the public is often unaware that management is
experimental, and failure engenders distrust of managers and scientists.

3 SETTING GOALS

For what?

Despite their crudeness, estimates of the dollar value of the ‘services’ (e.g.
maintaining hydrological cycles, pollinating crops and other plants, generating
and maintaining soils, and maintaining nutrient cycles) provided by ecosystems
(Table 1) highlight what will be lost if natural ecological processes are not
sustained. In the setting of agricultural landscapes in Australia, resource
management should have the goal of maintaining the ecological processes which
sustain ecosystems, rather than maintenance of particular ‘states’ such as soil
structure or water quality (Commonwealth of Australia 1992).

Such goals need to be translated into expected outcomes that are specific enough
that they can be measured. One of the basic errors in many of the large government
resource management programs targeted on agricultural areas is that they have the
management activity as an outcome. For instance, many projects funded under the
recently established Natural Heritage Trust that use tree plantings to manage
salinity and erosion have the numbers or area of trees in the ground as a goal of
management, rather than changes to groundwater salinity or rates of erosion. The
implications of this are that monitoring will need to be well organised, will need to
focus on the long term and will be costly (see Section 5, below).

Table 1. The estimated value (AUSS$ per year) of ecosystem ‘services’ provided by some
Australian ecosystems. Based on Jones and Pittock (1997) and Costanza et al.

(1997)
Ecosystem Area (km?) Value ($billions)
Forests and woodlands 118462300 36
Wetlands and floodplains 13653 300 25
Rangelands 570246 300 132
Lakes and rivers 1122000 10
Cropland 47000 000 6
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For whom?

The major goal of agricultural management over the last two centuries has been to
lift farm production and profits. The primary beneficiaries were farmers, but the
whole nation depended on agriculture for the majority of its exports. Agriculture
provides high quality food for the nation and remains a major contributor to the
gross national product, but the estimated cost in terms of environmental damage
is now becoming apparent (Saunders et al. 1990; SEAC 1996; RIRDC 1997). Thus
the goals for environmentally sustainable agriculture need to be set by and for the
whole community.

Allowing market forces alone to determine the direction of rural development
(Fischer 1998) is clearly a recipe for ecological and social disaster (Doyle 1998).
Ecosystems provide ‘services’ (Table 1) to the whole community. Such ‘services’
are too valuable to be degraded through servicing only global markets. Clearly,
Australian governments need to provide mechanisms to protect our agricultural
areas for future generations as well as to balance the budget.

4 MAKING ECOSYSTEM MANAGEMENT WORK IN
AGRICULTURAL LANDSCAPES: WHAT CAN WE DO?

Farmers

In a recent reflection on wildlife management, Walker (1998) placed park
managers in four behavioural categories according to their learning habits. The
same categories also apply to farmers and the way in which they deal with
resource management issues. The active adaptive managers not only monitor the
outcomes of their management, but deliberately experiment with land and water
management to improve their understanding and predictive capabilities (the ‘good
operator’ of the Introduction). The passively adaptive managers monitor the
outcomes of management actions and adopt subsequent management
accordingly. The reactive manager is affected by changing circumstances, but
without planning, and is always in a fire-fighting mode. The final group of farmers
is the catatonic kind who manages the way he and his forebears have always
managed, regardless of change and outcomes.

There have always been the active, adaptive farmers who have balanced
production with soil, water and vegetation sustainability, but is there evidence
that more farmers are behaving this way? Farmers’ attitudes are generally not
hostile to environmental issues (e.g. Vanclay and Lockie 1993) but traditional
extension methods have not been particularly successful in the transfer of
environmental management practices to farmers (Vanclay 1994). There is good
evidence from Landcare statistics (Curtis and DeLacy 1996) and farm practices
that a greater proportion of farmers are entering this category of learning
behaviour, or realise that they should move that way. However, evidence from
analyses of the stewardship ethic among landowners (Curtis and DeLacy 1998)
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and from the knowledge that poor practices, such as tree clearance (DEST 1995;
Eberbach 1998), still occur in farming areas indicates that major changes are
required in the behaviour of many farmers.

Financial constraints, caused by a variety of factors including low commodity
prices, high running costs and inflated land prices (and associated debt servicing),
have caused decreasing terms of trade for farmers (Figure 1), a major impediment
to farmers adopting more sustainable methods (Vanclay 1997). Profitable farms
should therefore be the focus of all concerned with ecologically sustainable
agriculture.
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Fig. 1. The widening gap between farm outputs and terms of trade for the Australian
agricultural sector (RIRDC 1997)

To ensure profitable farms, farmers need more rapid access to information on
markets as well as best farming practices and ways to measure sustainability
(RIRDC 1997). Staff development programs are seen as essential in most modern
companies, but extra training is a luxury in most farmers’ lives. Farmer
organisations need to focus on the provision of training in sustainable farming
practices so that the information gets to farmers. There has been 2. great deal of
effort in preparing relevant information by Federal and State agencies but it is not
always reaching farmers.

Because learning is often a group behaviour and farmers have particular
farming styles (Vanclay 1997), an appropriate way for farmers to get relevant
training is through group activities such as participation in Landcare groups,
demonstration sites and field days or large field experiments in alternative
approaches to agriculture. A valuable, but as yet uncommonly used, strategy for
farmers is to engage directly with researchers to frame research and management
agendas. Individual scientists are under pressure from funding agencies to make
their work more relevant to real issues in the bush. Until now most scientists with
industry links (see following discussion) have done this by framing their research
with reference to guidelines from resource management agencies or corporations,
but perhaps this is too distant from the farmer’s or a region’s particular problems
(Vanclay 1997). Farmers are at present the object of study, rather than partici-
pators in research (Bawden and Packham 1992) and farmers need to contribute
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their knowledge to research on sustainability. Two spinoffs of a closer working
relationship between groups of farmers and researchers will be the development
of a better mutual understanding of cultures and influence on more relevant
training for rural communities.

Scientists

Although agriculture is a dominant feature in the Australian landscape, there are
very few scientists who do research on agricultural ecosystems at more than the
farm scale. A large number of agricultural scientists work on relatively
reductionist projects related to specific agricultural problems and many
ecologists deal with conservation ecology issues in agricultural regions. However,
neither group has fully engaged the issue of understanding ecological processes in
agricultural landscapes. Evidence of this is the lack of a tertiary-level textbook, or
specialist book focused on the ecology of Australian agroecosystems, which deals
with these ecosystems in any systematic way. Such texts and related research
efforts exist elsewhere (e.g. Clarholm and Bergstrom 1989; Carroll et al. 1990;
Gliessman 1990).

The ecological problems that have arisen in agricultural areas have changed the
attitudes of agricultural scientists and ecologists to the need for anew approach to
understanding farming ecosystems (e.g. Hobbs and Saunders 1993; other chapters
in this volume). However, the behaviour of scientists has not changed to the same
degree. Agricultural scientists and ecologists can also be categorised in terms of
their behaviour regarding research on agro-ecosystems. There are:

e synthesisers who are able to take diverse research findings and make and
communicate important conceptual advances in our understanding of
ecosystem function;

e scientists who work in dynamic partnerships with resource users and
managers, in which user knowledge is valued and users participate in
research (Bawden and Packham 1992);

e scientists whose research benefits from well developed understanding of
resource management issues in agricultural landscapes via links with
government resource managers, industry-funded research programs,
service on resource management committees or work with Landcare
groups;

e industry-bound scientists who work within the cultural setting of
agricultural institutes or with funding from private industry;

e traditionalists, who frame research questions without reference to real
resource management issues, and communicate their work only in
technical journals.

There is no one correct type of research behaviour for scientists, but the
traditionalists who are not prepared to communicate their results to a wider
audience are fast becoming irrelevant, regardless of the quality of their research
(Ehrlich 1997). Industry-bound research may be communicated outside the
technical literature, but may provide implicit or explicit support for the status quo,
and faces the challenge of being biased by industry culture (e.g. Day 1998).
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Clearly, more resource scientists, including ecologists, need to move into one
of the top three categories above if science is to contribute appropriate knowledge
to agroecosystem management. During the mid and late 1980s the Federal
Government challenged the Federal science agencies to cover at least 30% of their
costs through contract work, and this had the benefits of focusing the attention of
many agency scientists on the application of their research and the forging of
partnerships with research users. The downside has been a decrease in long-term
basic research and peer-reviewed publications (e.g. Ryan 1995) and loss of many
‘synthesiser’ (see above) scientists in the often sterile corporate management
structures of the Federal research agencies (Robertson 1997Db).

Ecological scientists need to lead the debate on ecosystem management
because ecological processes set the boundary for what is possible in agricultural
lands and ecologists can view these systems over the spatial and temporal scales
relevant to sustainable management (Cullen 1998). However, many professional
ecologists remain in a reactionary mode to agriculture, rather than engaging in
partnerships to seek solutions. Ecologists need to develop partnerships not only
with farmers, agricultural scientists and resource managers, but also with social
scientists, if their research work is to be performed in a way that has maximum on-
ground benefits as well as technical publications. A clear challenge here is for
scientists to enter partnerships with farmers and resource managers without
compromising their abilities to undertake research which may have findings
which are not palatable to the existing farming culture, but which may have
benefits in the long term.

This also suggests that the reward system for scientists working on
agroecosystem management may need to change. In the Federal Science agencies,
promotion is now often linked to publication and effectiveness of research
partnerships, but the university system continues to rely on technical publications
and grants received as the measure of research effectiveness,

Government

Governments have had a major role in the development of agriculture and, more
recently, in pursuing sustainable production methods. But what should future
governments do to ensure sustainability of the ecological processes which underpin
agricultural system function? To help us focus our thinking, we considered the
current array of agreements and policy, their bases, and what they imply about the
approach of governments to balance agricultural and environmental Imperatives.

The Global Agenda

There are many environmental issues relevant to agroecosystems which have
international dimensions. These relate to soil and water degradation, and climate
change. Australia is a signatory to a number of international agreements,
including:
(i) The Convention on Biological Diversity 1992, which obliges signatory
nations to conserve biodiversity and promote the recovery of threatened
species and ecosystems;
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(i) Application of Sanitary and Phytosanitary Measures 1995, which aims to
prevent the introduction and spread of pests and diseases of plants and
plant products and to promote measures for their control,

(iii) Convention on Wetlands of International Importance 1975, which aims to
stop the global destruction of wetlands and to conserve those that remain;

(iv) Kyoto Protocol to the United Nations Framework Convention on Climate
Change 1997, which aims to set targets for greenhouse gas emissions.

As signatory to such agreements, Australia is obliged to adhere, and the
agreements provide a structure within which national policies need to be
developed. In terms of productivity and international competitiveness, the
Australian Government has locked the nation into the General Agreement on
Tariffs and Trade (GATT) although its compatibility with the environmental
agreements has not really been addressed.

The National and State Levels

For a number of resources in Australia’s agroecosystems, the Commonwealth
Government has only limited constitutional powers outside the Territories
(Pratley and Cornish 1987). To this end, there is legislation on issues relating to
import and export (i.e. the Quarantine Act 1908, The Wildlife Protection Act 1982
and the Endangered Species Protection Act 1992) but national action depends
almost entirely on Agreements with the States, the provision of funds to
encourage activity in designated directions and the use of the taxation system
through deductions and rebates.

Such arrangements can be successful. For instance, in 1983 the
Commonwealth Government recognised for the first time that soil is a national
resource and should be preserved. The National Soil Conservation Program
enacted at that time had the following wide-reaching goals:

¢ that all lands be used within their capability;

e that landuse and management decisions be based on whole catchment or
regional land planning concepts;

e that all land users and levels of government meet their respective
responsibilities in achieving soil conservation;

e that effective cooperation and coordination occur between all sectors of
the community, disciplines and agencies involved in the use and
management of land and water resources;

e that the whole community adopt a land conservation ethic.

The implementation of the program by national and state agencies resulted in
significant achievements. There is much greater awareness of the issue of land
degradation among farmers and the community at large; farmers have become
more active in conservation through their participation in Landcare and other
programs; conservation farming is now widely adopted and the incidence of dust
storms has been significantly reduced (Chan and Pratley 1998).

During the 1990s, a number of other national strategies related to agro-
ecosystem management have been developed, including the National Strategy for
Sustainable Development 1992, the National Strategy for the Conservation of
Australia’s Biological Diversity 1995 and the National Weeds Strategy 1997. The
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first two aim to protect biological diversity and maintain ecological processes and
systems, while the latter has the goals of preventing development of new weed
problems, reducing the impact of existing weed problems of national significance,
and providing the framework and capacity for ongoing management of weed
problems of national significance.

In concert with such national legislation, each State has a plethora of
legislation which addresses many of the same environmental issues. At first
reading it could be argued that Australia is well served by Government in terms of
the sustainability of agriculture and the environment. Yet the community at large
is often confused about the aims of such legislation, and there are good reasons for
such confusion.

Portfolio fragmentation

An holistic approach to agroecosystem management is almost impossible given
the current state of portfolio fragmentation at Federal and State levels. Over much
of Australia, the agencies responsible for management of land, water and biota
continue to be separated from that for production agriculture. These agencies are
also separated from the natural ecosystems departments and those responsible
for forestry, mining and industrial pollution.

There appears to be reluctance by different governments to come together for
consistency of legislation across the nation. Thus, land managers in one part of the
country can operate in quite a different legislative framework to those elsewhere.
There needs to be a complete overhaul of the legislation relating to resource
management to reduce fragmentation and to provide clear guidelines and a
consistency of approach, lacking until now. The realisation that land and water
degradation crosses farm and State boundaries should be sufficient incentive to
make it consistent.

Prevention rather than cure

One of the key failings of most post-war Federal and State Governments has been
their inability to construct a model or develop a vision for rural development and
sustainability that has bipartisan agreement and which focuses on the long term.
There has never been serious debate about ecosystem management, and policy
has been reactionary and has provided treatment of symptoms and not causes.
The first target for the Federal government must be to have an holistic conceptual
model of agricultural landscapes, which includes an understanding of the
ecological, social and economic factors which contribute to variation in
agroecosystem function at various scales (see below).

Consultation and ownership

Many of the legislative changes have occurred without reference to the people
who have to act upon them. In a democracy like Australia, major changes in
environmental management can only occur when the community is involved in
development of the policy to the extent that these people have ownership of the
outcome. There is considerable frustration in rural areas of Australia with the
attitudes and performance of political parties of all persuasions. Such frustrations
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can only be appeased through consultation and involvement of the players in the
decisions.

Who pays?

As legislative requirements for ecosystem management become more intrusive
there needs to be clear definition of who should pay for management activities.
The Environment and Natural Resources Committee of the Parliament of Victoria
(1998) has provided some guidelines which, if applied rigorously, provide the basis
for equitable, affordable and effective cost-sharing arrangements:

e Duty of care: There is a responsibility by all natural resource users to
ensure that they do not damage the natural resource base. Users are
required to make good any damage incurred as a result of their actions.

e Beneficiary pays: Primary beneficiaries should pay when it is not possible
to identify causes of damage. Secondary or indirect beneficiaries should
contribute where appropriate with such contributions to be negotiated with
primary beneficiaries.

e Government contributes for public benefit: Government contributes
primarily for activities that produce public benefits. Existing and future
users are expected to pay for activities that provide private benefit.

o Economic viability: Before contributions are made by Government to land
and water management activities, the activities must be technically sound
and the benefits must justify the costs.

o State-wide policy and monitoring: Where they are crucial to sustainable
resource management, the Government will pay for State-wide or Nation-
wide planning, State-wide or Nation-wide resource monitoring and
assessment, and research and investigation.

The implementation of such cost-sharing guidelines is not straight forward.
Previous chapters have indicated the paucity of well-founded comprehensive data
on the natural resources and their condition in Australia. Whereas there have been
numerous attempts in recent times to establish indicators of sustainability (e.g.
Walker and Reuter 1996, RIRDC 1997), there are few agreed benchmarks for such
indicators nor is there agreement on what would be considered suitable targets
(Hamblin 1998). In their absence, how do we judge whether the users have
damaged the resource base or whether they have satisfactorily completed the
amelioration process?

With regards to the ‘beneficiary pays’ principle, it is clear that the traditional cost
of production of primary products rarely incorporates a value for sustenance of the
environment. Primary production is an industry which is a price-taker rather than a
price-setter. Production is largely seasonal, the produce is often perishable and the
ability to ‘play the market’ is very restricted. Primary producers argue that they are
not paid the full costs of production despite the availability and quality of products
that provide the community with food in particular that underpins its standard of
living and is provided at a cost which is low by world standards. Meyer (1995) argued
that the community should pay an environmental tax on food in order to address
natural resource sustainability. Whilst this may be impractical, it does emphasise the
point. How else can the primary beneficiary (the land user) negotiate a contribution
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from the secondary or indirect beneficiaries (the consumer)? The other side of this
is that if consumers are forced or agree to fund the cost of production, they will be
Justified in demanding some control on how rural resources are utilised.

The guideline of economic viability also raises some issues. Where the benefits
Justify the costs, the following questions must be asked. Is there an acceptable
level of degradation such as annual loss of topsoil or minimum level of pollutants
in waterways? Do we place a value on aesthetics? Who makes the judgement on
benefits versus costs and on what criteria?

The identification of monitoring as a guideline is to be applauded. This is an
issue of public benefit and there needs to be a positive component of land
management in a collaborative sense. However, as identified several times in this
book, there needs to be a clear set of parameters identified which can be
measured, that are consistent across the nation and as far as possible uses remote
sensing technologies to reduce the cost and imposition on landholders but, most
importantly, allows the collection of comprehensive data. Benchmarks and targets
for each parameter are essential.

The way forward

Reflecting on what we have written regarding the principles of ecosystem
management, we can identify some actions that governments may take to address
some of these issues. One of the first targets for any Federal government is to
embrace a conceptual model of agricultural landscapes, which includes an
understanding of the ecological, social and economic factors which contribute to
variation in ecosystem function at various scales. Without a wholesale
rearrangement of portfolio responsibilities (see above), it is likely that one way to
achieve this is to establish the position of the Office of Chief Scientist for
Agroecosytem Sustainability, whose roles would be, firstly, to draw together the
information on issues relevant to dryland farming systems from relevant
portfolios, in order to develop such a model (above) and, secondly, to advise on
the goals and objectives for programs and legislation, free of political influence.
Operating under the goal of sustaining ecological processes, the Office would
advise on measurable objectives with reference to the spatial and temporal
heirarchies relevant to ecosystem management (see Section 2) and coordinate a
monitoring program that would assess the responses of agroecosystems to
ecosystem management (see below). Such a position should report directly to the
Prime Minister, recognising the importance of ecosystem sustainability to the
national future.

Federal and State Governments also require a coordinated and consistent
method for monitoring the state of Australian agroecosystems. With approxi-
mately 160 000 farms in Australia, it should be possible to perform an environ-
mental census for all farms every five years, in the same way that we have a
population census. At present, the Federal government monitors landuse at larger
spatial scales using a variety of indicators and approaches (e.g. Graetz et al. 1994;
DEST 1995; Hamblin 1998). However, no method exists for monitoring on-farm
activities where the battle for sustainability will be won or lost.
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Table 2. On-farm and off-farm indicators of sustainable agriculture which could form
the basis of an environmental census

Management Indicators Costs References
Unit
On farm
Waterways, riparian  Width, continuity, number Time Ladson et al. (1995),
zones and wetlands  of vegetation layers, degree Goldney et al. (1997),
of erosion, aquatic vegetation, Spencer et al.
water quality (in press)
Remnant bushland ~ Area, degree of fragmentation, Time, Goldney et al. (1997),

and scattered trees  seedling regeneration, tree  satellite RIRDC (1997)
health, degree of grazing, weed image
infestation, understorey, logs

Pasture Area perennial/annual, cover/ Time Walker & Reuter (1996)
biomass (weighted for
season/year)

Soil Physical (water intake rate,  Time, Powell and Pratley

chemical (pH, conductivity)  test kits, (1991),
and biological properties commercial Walker & Reuter (1996)

(decomposition) analysis costs
Groundwater Depth, conductivity Survey costs
Off farm
Water Salinity and nutrients in Time, RIRDC (1997)
water leaving farm commercial
analysis costs
Weeds, plant Health of grain and plants Time, RIRDC (1997)
diseases leaving farm commercial

analysis costs

Scientists and industry groups have identified a number of relevant and easily
measured indicators of farm sustainability (Table 2), which could be used in such
a census. The data required for some of these indicators are collected on many
farms as part of normal soil and pasture management, and the remaining
information could be collected by farmers for comparatively low dollar costs.
Such a census would include off-farm indicators (Table 2), recognising the
landscape nature of most ecological processes.

Uninformed and biased debate between conservation and farming groups has
deflected attention from some of the excellent ecosystem rehabilitation work
occurring across rural Australia (Davidson and Davidson 1992; White 1997) and
the continuing greed of some agricultural developers who are degrading public
resources for private gain (Walker 1995; Cullen 1998; Kingsford et al. in press). An
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environmental census would provide the mechanism for assessing the true status
of agroecosystem resources in different regions and through time, thus providing
the feedback necessary to judge the worth of government policies on resource
management at the appropriate management scale, the farm.

Because of our system of land tenure, governments have little direct influence
on resource management in agricultural areas (Reeve 1997; Hamblin 1998).
Inflated land prices (relative to long-term production potential) and related large
interest bills are usually major drivers of land degradation. One way in which
governments could contribute significantly to more sustainable agroecosystems
would be to demand that at the time of farm sales, purchasers be provided with an
assessment of farm ‘health’, in the same way that vendors of cars are required to
provide a roadworthy certificate to the purchaser. Indicators of sustainability
(Table 2) could also form the basis of such an assessment.

5 CONCLUSION

Moving the focus of sustainability from the farm level to the ecosystem level may
not reduce the friction between production and conservation groups identified in
the Preface to this volume, but it will provide a more reasonable framework for
any debate. While we have identified some of the broad actions that the
community of farmers, scientists and politicians should take to bring about more
sustainable management of all of the resources in dryland farming systems,
making these actions happen will be a major challenge. It will take strong
leadership, a significant length of time and a significant and on-going commitment
of funds before changes will be observed at large scales. However, the major risk
is that we may miss the opportunity to change the way we manage farming
landscapes.

Federal and State Governments have not developed an appropriate model for
ecosystem management. Despite successes, the current fragmented methods for
managing and monitoring agroecosystems, which derive from a number of
competing portfolios dealing with production and conservation, provide a poor
platform for an holistic approach.

Poor economic returns from agriculture during the last 20 years have led to
social dislocation in rural areas, with two important outcomes. Firstly, many
farmers may not be able to afford the cost of implementing more sustainable
practices. Secondly, the social discontent in rural areas may translate into success
for political parties who see environmental imperatives as the enemies of
agricultural production.

Ecologists and agricultural scientists must also develop appropriate models of
agroecosystems. To be effective in contributing to sustainable agroecosystems,
resource scientists must enter into shared research partnerships with farmers and
social scientists.
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