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RANGELANDS AND GLOBAL CHANGE

B.H. Walker and W.L. Steffen

GCTE Core Project Office, CSIRO Division of Wildlife & Ecology, Canberra

1. INTRODUCTION

1.1 Definition of Global Change

Although global change is often equated to "climate change ", or even to
"global warming ", it encompasses much more. The working definition of global
change adopted by the International Geosphere -Biosphere Programme (IGBP) and
much of the global change research community includes three components (IGBP,
1990): (i) change in atmospheric composition, (ii) climate change, (iii)
change in land use. Of these, both changes in atmospheric composition and
land use are well documented and are occurring now. There is still some
debate about climate change, since it is too early to detect an unmistakable
signal of anthropogenically forced climate change above the noise, but there
is widespread agreement within the scientific community that changing
atmospheric composition will lead to climate change (Houghton et al., 1991).

Land -use change is usually associated with developing countries, where
dramatic changes in land cover are occurring (e.g., the conversion of humid
tropical forests to agricultural uses). However, change in intensity of
existing land use may also play an important role in global change,
particularly with respect to emission or sequestration of greenhouse gases.
In the context of Australian rangelands, the most readily varied component of
the system is stocking rate, and if this changes (for example, in response to
policies promoting "sustainable development "), the rangelands' role in
biogeochemical cycles could also change.

The primary change in atmospheric composition, as far as terrestrial
ecosystems are concerned, is increasing CO2 concentration. To some extent
tropospheric 0 is also increasing, but its potential impacts appear to be
more serious for crops than for rangelands. In the Northern Hemisphere
atmospheric concentrations of sulphur and nitrogen oxides are also high due
to anthropogenic sources. These species have a fertilising effect on
vegetation at moderate concentrations but can become toxic at higher levels.

The third component of global change is climate. For terrestrial ecosystems
the most important features of climate are temperature and precipitation, and
for Australia's rangelands, the single most important feature is
precipitation. Two other factors, wind and radiation (as determined by
cloudiness) may change with climate change, but they are not as significant
now in determining vegetation composition and structure as is precipitation.

For precipitation, changes in the patterns and distribution of rainfall
events, particularly their seasonality and storm intensity profiles, will be
as or more important than changes in mean values in their impact on plants in
terms of moisture availability. The hydrological characteristics of the soil
and temperature, as it influences the evaporative demand of the atmosphere,
are also important factors in the water balance.

1.2 Secondary Effects

In addition to these direct effects of global change on ecosystems, there are
a number of secondary effects which, for Australia's rangelands, may be more
important than the direct effects. The first of these secondary impacts is
fire. Rather modest changes in rainfall and temperature which significantly
increase or decrease fire frequency may eventually lead to large changes in
vegetation structure and composition which would be difficult to predict from
changes in climate alone.

Other secondary effects include changes in the distribution and dynamics of
pests and diseases, direct impacts of climate on herbivores, and
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climate- induced changes in land use (e.g., encroaching cultivation with
increasing rainfall).

1.3 Scenarios of Future Climate

Current analyses of the impacts of climate change on terrestrial ecosystems
use as a guide scenarios of future regional climate generated by General
Circulation Models (GCMs). It should be emphasised that these GCM outputs are
not predictions. Although predictions of general features of future climate
on a global scale (e.g., increasing average global temperature) have a high
degree of probability, detailed and accurate predictions of future climate
change at a regional level are not yet possible.

Nevertheless, it is instructive to examine the recent climate change scenario
for Australia's rangelands for the year 2030 as produced by CSIRO's Climate
Impact Group (1991). The scenario suggests an increase of 2 -4 C for inland
areas, with the higher end of the range for the drier, southern areas.
Rainfall may increase up to 20% compared to 1990 in the summer rainfall region
(NE two -thirds of the country), with the following other features:

- monsoon more intense but monsoon trough not further south;

less certain overall decrease of 0 -20% in winter in the winter rainfall
region (SW third of country);

local changes could be two or three times larger due to topographic
effects;

general increase in rainfall intensities;

possible marked increase in heavy rain events;

- longer dry spells in mid -latitudes

Other features of a possible 2030 climate for Australia's rangelands include
a change in extreme events in both magnitude and frequency - more very hot
days, fewer frosts, more floods and dry spells. A significant projection,
particularly for the more arid areas, is a 5 -15% increase in potential
evaporation with increasing temperature.

2. THE RANGELANDS

There are four main types of rangelands, as defined by the Global Change and
Terrestrial Ecosystems (GCTE) core project of the International
Geosphere- Biosphere Programme (IGBP) (Steffen et al., 1992):

- cold, humid: hill pastures (e.g., many of the "improved" pastures in
the developed Northern Hemisphere countries);

- cold, dry: the Mongolian and Argentinean steppes;

- hot, humid: wet, tropical savannas;

- hot, dry: arid tropical, sub -tropical and even some temperate
rangelands.

Most of Australia's rangelands belong in the last category, with perhaps a
narrow strip of wet savanna in the far north and some areas in the far south
bordering on the cold systems. However, for the purposes of this discussion,
we concentrate on the arid and semi -arid rangelands that cover much of
Australia.

These lands have the following characteristics:

- they often feature the coexistence of grasses and trees or other woody
species;
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- vegetation distribution is controlled by soil type and landscape
factors;

- primary productivity is related to rainfall;

- fire is often an important factor in controlling vegetation composition
and structure;

- grazing is the most extensive land use.

3. CURRENT UNDERSTANDING OF GLOBAL CHANGE IMPACTS

3.1 Overview

Despite the areal importance of Australia's rangelands, relatively little work
has been done on potential global change impacts on the structure, composition
and function of their ecosystems. The first overall analysis was published
four years ago (Graetz et al., 1988), and there has been little additional
work since then. However, it is unlikely that the conclusions of this earlier
study will be modified significantly until considerable improvements are made
in the regional scenarios of future climate.

We examine the potential impacts of global change on Australia's rangelands
by considering three interacting drivers of change: precipitation, fire and
land use. For the purposes of this analysis we ignore the effects of elevated
CO2 and temperature as being secondary compared to precipitation. Most of
Australia's rangelands are typical arid systems in that they are
"water- controlled "; their productivity is determined by the flow of water
through them (Graetz et al., 1988).

We consider in turn the impact of these interacting driving forces on several
aspects of Australia's arid ecosystems:

vegetation distribution and composition - what species or species
guilds (i.e., functional types) are present where? What will happen to
the major vegetation associations?

- vegetation structure - what will happen to the woody:grass ratio?

net primary productivity

erosion - how will increased rainfall and changing land use affect
degradation processes?

- biological diversity

3.2 Vegetation Distribution and Composition

Vegetation distribution can be considered at a number of scales, but here we
consider two: the large "regional" scale corresponding to a GCM grid cell (500
km) and the "landscape" scale more commonly associated with human management
units (10 km). For the former, climate, primarily precipitation, is the
dominant factor, and Australia's vegetation can be viewed as lying "in
discontinuous, concentric arcs of decreasing cover and biomass approaching the
central arid core of the continent" (Graetz et al., 1988). At the landscape
scale, physiographic or geomorphic features become important and vegetation
associations are closely related to the underlying soil type. At finer
scales, biological processes associated with vegetation types modify and
control the edaphic environment.

How will global change affect the vegetation distribution in Australia's
rangelands? With one exception, very little, according to the study by Graetz
et al. (1988) in which the future distribution of two vegetation types - trees
and shrubs - were predicted on the basis of changes in six environmental
variables (mean annual radiation and temperature, annual precipitation,
precipitation in the wettest month, seasonality of precipitation, and soil
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water holding capacity). The changes in these environmental variables were
derived from a climate change scenario for the year 2030 AD.

Predicted changes in tree and shrub cover were surprisingly small. This was
interpreted as a measure of the resilience of arid zone vegetation, but it may
also show the controlling importance of edaphic factors, namely water holding
capacity and available nutrients, which may not change much with climate
change. The one exception, the most important change, involved the conversion
of large areas of the southern chenopod shrublands into wooded grassland,
which would have a significant impact on the sheep industry.

It should be noted that these predictions are based on change in climate
alone, using a regression analysis based on present day vegetation
distribution. Other factors, such as fire frequency and grazing intensity,
were not considered. These latter factors will have important consequences
for vegetation structure.

Changes in vegetation composition, particularly on the patch scale (10 - 100
m), are more difficult to predict. A promising approach outlined by Graetz
et al. (1988) is that of functional types, in which plants are grouped into
types based on functional characteristics, such as metabolism (C3 /C4),
phenology, demographic attributes (e.g., longevity, periodicity of germination
events) and structure. Of special importance for global change research are
the responses of functional types to changing environmental factors, such as
precipitation and fire regimes. This approach has been adopted on a global
basis by the Global Change and Terrestrial Ecosystems (GCTE) core project of
the International Geosphere -Biosphere Programme (IGBP) (Steffen et al., 1992).

3.3 Vegetation Structure

For the purposes of this discussion, we consider vegetation structure to be
represented simply by the grass:tree ratio. Although this is a fairly crude
representation, particularly at the patch scale, any attempt to refine it
further is probably not warranted given the very sketchy nature of regional
climate scenarios at this stage and the critical role of large -scale fires.

With respect to global change, fire has a dual nature. It is undoubtedly one
of the most significant factors affecting the structure and composition of the
rangelands, and indeed is used as a management tool to control the grass:tree
ratio. Thus, it is a driving force for change.

However, the frequency, extent and intensity of fire are themselves affected
by the other drivers of global change, rainfall and land -use practices. The
net effect is complex and difficult to predict. Fire regimes are affected
primarily by the biomass accumulation rate, the dryness of that biomass, and
the intensity of grazing. Heavily grazed areas seldom burn; burned areas are
much favoured by herbivores; periods of high rainfall lead to high vegetation
biomass of lower quality (higher C:N ratio) and increased probability of fire;
increased frequency and intensity of fire leads to a higher grass:tree ratio
and therefore favours grazers; grazing tips the competition balance between
trees and grass in favour of trees, and so on (Walker, 1992).

Global change may alter these relationships in one direction or the other.
In the tropics and sub -tropics, extending south into the temperate zone,
increasing summer rainfall (coupled with increasing CO2) will most likely
favour the C3 woody species over the C4 grasses. If, on the other hand, the
rainfall comes in bursts with long intervening dry spells, fire frequency and
intensity could well increase, favouring grasses. If grazing intensities are
lowered in many areas, both because of a desire to reach an optimum level
economically over the long -term (McKeon et al., 1992) and because of a
political and social move toward "sustainable development ", this would also
tend to favour grasses at the expense of trees. It is not clear from this
type of analysis what will actually happen to tree:grass ratios in future.
However, it is probably safe to say that human land -use practices in terms of
management fires and grazing intensities will probably be the dominant factor,
as it is today.

4



3.4 Vegetation Productivity

Given its direct dependence on moisture availability in arid ecosystems, net
primary productivity is probably the easiest vegetation characteristic to
predict. In general, on broad time and space scales, increasing rainfall will
lead to increasing net primary productivity. However, this general prediction
must be tempered at smaller scales by a number of factors which become
important. One, of course, is the pattern of the increased precipitation -
its seasonality, the intensity of storms, the interval between rainfall
events, etc. - in relation to the phenological response of plants. A second
is temperature, which affects the evaporative demand of the atmosphere and
thus the amount of moisture available to plants and the rate at which soil
moisture is depleted. Another is soil, which plays a major role in plant
available moisture through texture, depth and in available nutrients.

3.5 Soil Erosion

Land degradation is a perennial issue in the rangelands, and is typified by
the images of dust clouds over Melbourne during the drought of the early 1980s
and the subsequent initiation of land care programs to improve the situation.
That degradation can have regional consequences is evidenced by the layers of
red dust that sometimes blanket the glaciers of New Zealand's Southern Alps
(Mokura et al., 1972).

Any increase in rainfall intensity and /or storm size will increase soil
erosion by water, and the same applies to any increase in wind regimes in the
arid zone. As long as the erosion constitutes redistribution within the
landscape, it does not lead to degradation. When it reaches the level where
there is a net loss of soil from the landscape (via streams and rivers),
degradation becomes evident (Tongway and Ludwig, 1990).

An additional important factor is land use, primarily grazing intensities and
fire regimes. These, in conjunction with the change in litter fall with
changing net primary productivity, will determine the cover of the soil
surface and the structure of its top layers, and hence its susceptibility to
erosion.

3.6 Biological Diversity

Australia already has the world's highest rate of extinction of native
mammals, largely due to loss of habitat from changes in land use and the
introduction of predators and competitors (especially foxes, cats and
rabbits). Human -driven pressures will likely continue to be the most
important factor in future extinctions of Australian flora and fauna, with
change in climate an exacerbating factor in some cases.

In the northern regions of Australia's rangelands - the wet -dry tropics -
land-use patterns may combine with changes in climate, as projected in a CSIRO
GCM scenario, to generate further pressure on some species (Williams et al.,
1991). At present the habitats and associated wildlife in the region are
diverse and patchy, with migration and breeding patterns tuned to the cycles
of rain and fire. Any significant changes in the intensity and timing of the
wet -dry cycle may disrupt these patterns and threaten those species that exist
now in only small patches of suitable habitat.

Arid -zone species may be particularly vulnerable if a general increase in
rainfall causes a southward shift of their habitat. At present the least
degraded parts of the arid zone are in the north, and species may thus be
pushed southward into more degraded areas and therefore to higher
probabilities of extinction. A good example of this is the bilby, which has
already disappeared from the southern part of its range, where the impact of
rabbits, foxes, and cattle has been the greatest. Possible climatic change
could shift the climatically suitable areas for the bilby from its last
remaining habitat into areas where it has already been eliminated. Other
species which could be similarly vulnerable include the rufous hare -wallaby
and the spectacled hare -wallaby (Williams et al., 1991).
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4. IMPLICATIONS FOR FEEDBACKS TO ATMOSPHERE AND FOR MANAGEMENT STRATEGIES

4.1 Feedbacks to Atmosphere

Walker (1992) analysed the significance of feedbacks from extensive
agricultural areas around the world for greenhouse gas emissions and concluded
that, in general, they are of minor significance on a global scale. The
possible exception are the humid, savanna woodlands, where biomass burning
releases a large annual flux of greenhouse gases to the atmosphere. It is not
clear, however, whether burning in the savannas represents a net emission of
gases to the atmosphere, as there is significant gains in biomass in the
quiescent periods between fires. Further work (see below) is needed to
quantify the overall effects of biomass burning in the semi -arid tropics.

Direct emissions of CH from cattle and termites and the release and uptake
of gases by soil are also important processes in the biogeochemistry of the
rangelands. There is some speculation that savanna soils may be sinks for CH4
but it is unlikely that they are significant compared to the destruction of
CH4 by OH radicals in the atmosphere, by far the most important sink.

Historically, the emission of CO from the oxidation of soil organic matter
may have been important. J. Williams (personal communication) has noted that
in some areas overgrazing has resulted in loss of as much as two -thirds of
soil C in the upper layers (from 1.5 to 0.5% C content in the top 10 cm of
soil, or about 14 t /ha of C). If we take the amount of extensive agricultural
land that has been degraded over the past 100 years to be 3.1 x 109 ha
(Mabbutt, 1984), then the C loss to the atmosphere could be as high as 43.4
Pg over the period, or a rate of 0.43 Pg C Y -1. This is'about one -tenth the
rate of Australia's fossil fuel emissions. Australia's rangelands, which have
suffered considerable soil degradation in many regions, contributed (and may
still be contributing) its share to these emissions (D. Tongway, personal
communication).

4.2 Management Strategies

Given the uncertainties in predictions of future climates, it is not possible
to prescribe specific management strategies that should be adopted under
global change. However, for the pastoral industry, a move toward an optimum
and much more flexible stocking rate, advice consistent with "sustainable
development" initiatives, would also be appropriate for global change. McKeon
et al. (1992) noted that the stocking rates in many areas of Queensland's
rangelands are presently beyond the optimum, both ecologically and
economically (in the longer term). A reduction of rates would not only reduce
and begin to ameliorate the degradation that results from overgrazing, it
would also allow managers more flexibility in dealing with the changes in
climatic variability and in frequency of extreme events that will likely
accompany climate change. Short -term economic practices will have to be
adjusted to allow graziers the flexibility to adopt lower stocking rates where
they are presently above the optimum.

Another management option, at least in some parts of the rangelands, is the
use of fire to control the grass:tree ratio. Where increasing rainfall and
elevated CO2 combine to favour woody species, fire regimes may need to be
adjusted to retain the productivity of grasses.

Walker (1992) set out a three -stage process for developing a management
strategy for semi -arid tropical ecosystems under global change:

i) An analysis of the environmental and land -use determinants of ecosystem
dynamics, based on identifying the management /climatic combinations
that lead to change, and developing them into a predictive model, of
the state - and -transition type.

ii) Quantitative assessment of the relative pros and cons of each possible
state with respect to the management aims.

iii) Deciding on a state (or a set of states) which optimise the aims, so
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far as possible, and using the model to develop an appropriate
management strategy.

Currently Australia's rangelands are managed primarily for conservation, for
Aboriginal uses, or for the pastoral industry. An intriguing possibility for
the future is the deliberate management of rangelands as a continental C sink.
As we noted earlier, there has been much degradation of these regions, with
a concomitant loss of C to the atmosphere through oxidation of soil organic
matter. A move away from practices that lead to degradation, particularly a
reduction in stocking rates, could reverse this process and begin to sequester
C as increasing levels of organic matter in the upper layers of soil. If
future treaties on emissions of greenhouse gases allow nations to devise a mix
of emission reductions and sequestration increases, Australia could, to some
extent, meet its obligations by consciously sequestering C over large areas
of the rangelands.

Gifford's continentally aggregated model of the Australian vegetation carbon
budget, CQUESTA, gives some indication of the quantities involved (Gifford,
1992). Using his standard parameterisation of the model, Gifford concludes
that Australia might be a net sink for CO2, with a total annual sequestration
of C into the Australian land mass of about 104 Mt C y -1 in 1991, compared to
emissions from fossil fuel burning of about 75 Mt C y -1 and estimated net
emissions from deforestation of 0 -35 Mt C y -1. Of the total annual C
sequestered, about 57 Mt C y -1 was being stored in the modelled soil organic
pool (Gifford, 1992).

Sequestration of C will not occur uniformly across the continent; those areas
with higher rainfall and thus higher net primary productivity will contribute
relatively more. Therefore, although rangelands cover about 70% of Australia,
they will not contribute 70% of the C sequestered. If we assume that they
contribute only 25% to Australia's net primary productivity, their share of
the sequestration of C into the soil organic pool would be about 14 Mt. This
amounts to 20% of Australia's annual CO2 emission from fossil fuels (often
quoted as a reduction target).

For a deliberate strategy of C sequestration in the rangelands to be effective
and acceptable, however, much better knowledge of soil carbon dynamics is
needed (McKeon et al., 1992). Accurate measurements of CO2 emissions from
soils and vegetation and of organic matter accumulation in soils under
alternate stocking rates and fire regimes are of particular importance. Care
must be taken in the measurement of soil respiration. For example, in the
Nullarbor significant quantities of CO2 are emitted from limestone during and
immediately after rainfall. The most important point is that increasing C
storage in rangeland soils is a "no- lose" strategy in that it will almost
certainly also lead to higher levels of productivity and increased resistance
to erosion and hence resilience to grazing pressure.

Although there are encouraging developments (e.g., the Landcare groups), most
existing management strategies are inadequate for halting Australia's loss of
plant and animal species under present -day conditions, let alone in coping
with predicted climate change. Land -use patterns, in their effects on
fragmenting the habitats of species, and their direct effects on habitats, are
probably the most important factors.

5. FUTURE RESEARCH

5.1 Global Change and Terrestrial Ecosystems (GCTE)

GCTE is placing strong emphasis on semi -arid tropical savannas in its
international research programme (Steffen et al., 1992). This biome has been
identified for high priority in both the elevated CO2 and biogeochemical
Activities of Focus 1 on Ecosystem Physiology. The objective of the elevated
CO2 work, which may eventually include a FACE (Free -Air CO Enrichment)
experiment on a savanna system, is to determine and predict the effects of
elevated CO2, interacting with other environmental factors, on the physiology
of savanna ecosystems at the patch scale, and to investigate potential
feedbacks to the atmosphere.
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GCTE's research on changes in the biogeochemistry of semi -arid tropical
ecosystems aims to determine the interactive effects of altered precipitation
and changes in land use (particularly grazing and fire frequency) on the
biogeochemistry of these systems along a moisture gradient. The research will
be carried out along transects, with the Savannas in the Long Term (SALT)
program in West Africa and the Northern Australia Tropical Transect (NATT)
selected as initial GCTE gradients.

GCTE also has a Task specifically on the global change impacts on pastures and
rangelands and the resulting effects on livestock production. The objective
is to predict the effects of global change on pasture and range composition
and production, and the consequent impacts on livestock. Rangelands and
pastures have been classified into four climatic types (see section 2 above).
Research groups will be developed in each one working toward a predictive
understanding of global change impacts on productivity. The ultimate aim is
a "generic" rangelands model.

5.2 Northern Australia Tropical Transect (NATT)

A proposal for an integrated atmospheric chemistry, biogeochemistry, and
ecosystem dynamics research project for northern Australia has been put
forward as part of the Australian IGBP proposal (Australian IGBP National
Committee, 1991). The project aims for a predictive understanding of change
in ecosystem function and structure under global change. It is based on a
transect from Darwin in the north to near Tennant Creek in the south. An
important applied component of the project is the development of modelling
tools to assist in the management of Australia's rangelands under conditions
of changing climate and atmospheric composition.

6. SUMMARY

Most important implications of this analysis for Australia's rangelands are:

i) Better predictions of climate change, both in spatial resolution and
degree of confidence, are needed to progress beyond a broad -scale
analysis of possible effects.

ii) Given that better projections of climate will become available, a
"generic" rangelands model, incorporating a better understanding of
system -level responses to changes in climate, atmospheric composition
and management strategies, is needed to investigate the implications of
global change.

iii) Based on our current state of understanding, it seems as though the
changes in Australia's rangelands will be within the capabilities of
managers to cope, over at least the next several decades, provided they
are made aware of the likely local and regional changes as predictions
improve, and provided they adopt flexible management strategies.
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THE POTENTIAL USE OF SIMULATION IN EARLY WARNING OF IMPENDING DROUGHT

Ian Beale and Peter Johnston

Queensland Department of Primary Industries, P.O. Box 282, Charleville Q 4470

ABSTRACT

Drought is a major factor in a rangeland environment. It has major effects
on rangeland resources, on productivity and thus influences financial and
social aspects. Warning of incipient drought should aid management
preparations. This paper details an approach based on the use of soil water
balance data from a plant growth model (GRASP) to estimate the probability of
rainfall adequate to fill the soil profile. Preliminary estimations from
historical climatic data for Charleville indicate that the technique may
provide some warning of the onset of drought, with the possibility of
prediction on a monthly basis.

INTRODUCTION

Drought is a major factor in a rangeland environment. It has major effects
on rangeland resources, on productivity and thus influences financial and
social aspects (Pritchard and Mills 1986). Warning of incipient drought
should aid management preparations to deal with its eventuality. There are
other methods which attempt to provide these indications (e.g. long range
weather predictions). The Rainman package uses a statistical approach based
on historical rainfall data (Clarkson and Owens 1991). This paper details
preliminary data from another approach using simulation.

METHODS

A plant growth simulation model (GRASP, McKeon et al 1990) has been tuned for
sites in western Queensland (Meppem and Johnston 1988). It was run with
historical climatic data for Charleville. Its predicted output of monthly
available soil moisture was used to estimate the rainfall required to fill the
soil profile. Probability of receiving this rainfall in the next and ensuing
months was then calculated. The patterns generated were compared with periods
of official drought declaration since 1960.

RESULTS

The patterns of total available soil moisture and probability of sufficient
rainfall to refill the soil profile in the next month prior to and during
periods of official drought declaration since 1960 have general similarities
(Fig. 1).

DISCUSSION

The patterns of soil moisture and probability (Fig. 1) from this preliminary
analysis suggest that there is potential to use this technique in a predictive
manner. Other information generated by the model (e.g. plant growth data)
appears to have potential for improving the interpretation and reducing the
level of noise, but this has not yet been explored.
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ADAPTING GRAZING MANAGEMENT TO CLIMATE CHANGE AND SEASONAL FORECASTING

G.M. McKeon and S.M. Howden2

Pasture Management Branch, Queensland Department of Primary Industries,
GPO Box 46, Brisbane Q 4001.

2Bureau of Rural Resources, PO Box E11, Queen Victoria Terrace, ACT 2600.

ABSTRACT

Over the past 100 years, reactive methods have been developed to manage
rangelands by adjusting herd /flock numbers and property size, and using
better husbandry practices. However, reactive approaches to drought for
example, have the risk of causing irreversible land and pasture degradation
before management adjustments can be made. We now face the problem of
adapting grazing management to cope with climate change where the direction
and magnitude of the change is uncertain. We suggest that, in Queensland,
seasonal forecasting has reached sufficient skill that it can contribute as
a pro- active tool in adapting to climate change.

INTRODUCTION

The likelihood of climate change as a result of increasing greenhouse gas
concentrations (Pearman 1988) has important consequences for grazing
management in terms of production and sustainable land use. The future
management of rangelands requires an evaluation of the impact of climate
change. In this paper we examine:

(1) current climatic effects on northern Australian rangelands;
(2) impact of past climatic variability and the estimation of safe

stocking rates;
(3) adapting management decisions to cope with climate change.

1. Current climatic effects on northern Australian rangelands

The major land use of northern Australia is pastoralism based on beef
cattle and sheep grazing in a variety of ecosystems. Both animal and
economic production in pastoral systems are dependent on plant production,
the two main effects on animal production being pasture growth (kg /ha /year)
and the length of the pasture growing season (McCown 1980, Mott et al.
1985, McCaskill 1991). Pasture growth determines stocking rate
(animals /ha) with pasture utilisation (proportion grown that is eaten)
varying from 10 -50% (Burrows et al. 1990). Animal growth (liveweight gain)
requires levels of energy and protein usually only satisfied while the
pasture is growing and hence climate, through its effect on the length of
the growing season, has a strong effect on animal nutrition.

Both plant production and its seasonal distribution are determined by the
interaction of climate and soils. Climate change will have direct effects
on plant and animal production and hence prediction of these impacts
requires an understanding of the current climatic effects on production.
Geographic analyses of rangeland productivity has concentrated on the
climate limitations (moisture and temperature) to plant growth. Changes to
these limitations could occur by increasing CO2 concentrations and /or
global warming (Jones 1991, Plummer 1991), including possible increased
rainfall in the summer rainfall regions of Australia (Whetton and Pittock
1991). The role of nutrients (nitrogen, phosphorus) limiting plant and
animal production will become increasingly important if these changes
occur. Because of the restricted growing season in rangeland environments,
the quality of dry carry -over plant material is important for dry
season /winter production. Changes in climate or CO2, which cause increased
plant growth but do not change the length of the growing season, are likely
to result in dilution of limiting nutrients and hence lower quality feed.

Our capacity to predict the impact of future climate /atmospheric change on
rangelands is limited by the lack of information on soil nutrients, their
effects on plant growth, senescence and animal diet quality, and the impact
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of climate change on nutrient cycling. For Queensland's grazing lands we
are just beginning to link the data banks of soil attributes to plant and
animal models. When combined with climate change scenario's (e.g. Whetton
and Pittock 1991) the likely changes in productivity and management can
then be calculated. With these methods, the best management decisions can
be derived from a wider and longer experience than is otherwise available
to graziers or their advisers. However, the view that the best management
decisions can be derived from past experience (whether in practice or from
simulation with the last 100 years rainfall) is now being challenged
because of the likelihood of climate change.

2. The impact of past climatic variability.

In Queensland, the pastoral areas are located in climatic zones with large
differences between years in the duration and amount of rainfall.
Variability of annual rainfall is high, with the co- efficient of variation
ranging from 25% in south -east Queensland to 45% in western Queensland. A
major meteorological cause of year -to -year variation is the Southern
Oscillation with droughts usually associated with El Niño events and high
rainfall with La Niña events (Nicholls 1990). Periods of well above and
below average rainfall have occurred on a generation timescale (Russell
1981). For a range of stations in Queensland the period 1917 -1946 had
summer (November -April) rainfall 6% below the 100 year average in contrast
to the period 1947 -1976 when rainfall was 9% above average. These changes
in average rainfall are similar to those simulated by global circulation
models for a future doubling of CO2 (Whetton and Pittock 1991).

The first wave of graziers in Queensland did not have rainfall records or
any other way of estimating safe carrying capacity. It is only from a
position of hindsight that it is possible to say that climatic conditions
were above or below average. One hundred years later we can put past
events in perspective, for example in 1902 70% of Queensland had rainfall
less than decile one'. We now may be in a similar position of 'climatic
ignorance' if some of the greenhouse climate scenarios actually occur in
the next thirty years and beyond.

This short experience of pastoralism in northern Australia (less than 150
years) has also contributed to the problems of management. There have been
combinations of climatic events (for example, droughts) and management (for
example, high stocking rates), which have resulted in changes in pasture
composition. These may occur only once in a manager's working lifetime.
Examples of these type of events are the change from Themeda triandra to
Heteropogon contortus in the 1870s and 1880s in South -east Queensland (Shaw
1957, Logan 1988) and the change from Heteropogon contortus to Bothriochloa
pertusa in northern Queensland in the 1980s (Howden 1988, Gardener et al.
1990).

The above examples highlight the problems of pastoralism in a highly
variable climate. In each case it was not possible to detect unfavourable
changes in pasture composition and resource productivity until it was too
late. The normal variability of drought and flood made it difficult to
distinguish climate and man -made induced changes, so that poor or
unsustainable management decisions could not be corrected in time. From
the above studies, we conclude that pastoralism has been particularly
susceptible to climatic variability when (1) a few years of high rainfall
have biased expectations towards high stocking rates (e.g. the 1890s) or
(2) high stocking rates have been forced on graziers by economic pressures
such as reduced prices for stock (the mid 1970s).

The above examples of the interaction of climatic variability and
management have shown the importance of historical ecological analysis. We
have taken published explanations of these changes 'at face value'.
However, as other authors have shown (e.g. Mitchell 1991) such historical
analysis can be misleading because detailed scientific observations were
not made. Current pasture ecologists have the opportunity to document
changes as they occur (e.g. the invasion of Acacia nilotica in Queensland,
Burrows et al. 1990, Carter et al. 1992). If managers are to avoid the
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mistakes of the past, they will require more immediate warnings of
deleterious changes or provide opportunities for resource improvement. To
provide these warnings, Queensland Department of Primary Industries has
established a Drought Group to monitor the spatial distribution of drought
and forecast regions at risk of land and pasture degradation.

Estimating safe stocking rates

The key issue in rangeland management is the choice of stocking policy.
Recent advances in pasture ecophysiology and simulation modelling have led
to a systems based approach to address the problem of estimating safe
stocking rates (Gillard and Monypenny 1990, McKeon et al. 1990). Analyses
of stocking rate experiments on native pastures indicate that perennial
grasses decrease in basal cover when pasture consumption exceeds 30% of
pasture growth in below average growing seasons (McKeon et al. 1990).
Utilisation of less than 30% of growth is thus regarded as safe stocking'.
Heavy grazing during dry' growing seasons substantially reduces perennial
grass density and soil cover. Where graziers attempt to stock the same
number of animals each year to maintain a breeding herd or flock,
substantial damage to the resource productivity is most likely to occur
during extended dry periods, for example, the 1960s or 1980s.

Simulation models of grazing systems allow stocking rate options to be
examined and decision rules to be formulated. The model GRASSMAN (Clewett
et al. 1991) simulates grass production, perennial grass density and beef
production using historical (1880 -1990) rainfall records. Simulation
studies for northern Queensland (Charters Towers) show that the optimal
stocking rate on a cleared pasture for beef production (kg LWG /ha) varied
three fold between decades, e.g. 1900s compared to 1890s. The studies also
indicated that over the 110 years simulated, the optimal constant stocking
rate was one which was safe' in 80% of years. A similar conclusion has
been reached by Gillard and Monypenny (1990) after simulating the response
of a beef cattle herd to variability in rainfall.

However, even the 100 years of accessible historical records may be
misleading for estimating safe stocking rates. In northern Queensland,
reconstruction of river flow from analysis of coral bands (Stewart et al.
1989) suggests that the last 100 years has had favourable rainfall compared
with the period 1770 to 1880. The lower pasture production which would
occur under these climatic conditions would increase (1) the difficulties
of economic survival for existing enterprises and (2) the risk of land
degradation. While stock numbers must eventually come into balance with
pasture production the period of adjustment and re- evaluation of safe
carrying capacity is one of increased risk of both over stocking and
irreversible resource degradation due to soil erosion and woody weed
invasion.

Current surveys of Queensland's grazing lands (Tothill and Gillies 1991)
suggests that a proportion (20 %) of the grazing resource was in a degraded
condition and was not able to be economically restored. Similar trends
appear to be occurring throughout the world's rangelands (Mabbutt 1984).
Such studies show the difficulty that climate change and variability cause
for pasture management decisions. The previous ten years experience of
rainfall (e.g. the 1970s) has little relevance for the next ten years (e.g.
the 1980s). Alternatively, the long -term view based on 100 years of
rainfall records may be irrelevant given (1) the importance of episodic
events producing irreversible resource damage (e.g. 1899 -1902), (2) the
doubtful stability of climate on a generation time scale (1917 -1946
compared to 1947 -1976) and (3) predicted climatic change.

3. Adapting management decisions with seasonal forecasting

The possible effects of climate and atmospheric change on extensive grazing
industries have been speculated upon elsewhere (Graetz et al. 1988, McKeon
et al. 1988, Russell 1991, McKeon and Howden, 1992). However such
speculations may be of doubtful value given (1) the empirical basis of
existing models of grazing systems (McKeon et al. 1990), and (2) the lack

14



of knowledge of the interaction of climate and CO2 on plant growth
(Newton 1991). If agricultural scientists are to improve their ability to
predict the consequences of climate change, then the existing models of
grazing systems will require a better representation of the environmental
interactions (e.g. climate, CO2 and soil fertility) and further research to
validate the predictions.

Given the uncertainty of future climate change, it is necessary to
formulate both reactive and predictive management rules. For example, in
western Queensland, where there is a high frequency of periods without
pasture growth, grazing experiments have demonstrated the value of
reactively adjusting stocking rates at the end of each growing season so as
to use a safe (for example 30%) proportion of known feed supply (Beale
et al. 1986, Orr et al. 1986).

Such an approach of reactive stocking rate management is likely to be
successful in an environment where the probability of extended droughts
(about 1 year) is high. Recent developments in seasonal forecasting have
shown that the probability of drought varies from year -to -year depending on
phases of El Niño /Southern Oscillation, (Pittock 1975, Nicholls 1990), sea
surface temperature (Simmonds and Rocha 1991) and behaviour of the high
pressure belt at mid latitudes (Pittock 1975). Thus it is likely that
decisions on stock and pasture management can be improved by including the
increasing knowledge of the causes of year -to -year variability. We are now
at the stage of examining the biological and physical impacts of decisions
using seasonal forecasts (McKeon et al. 1990, Willcocks et al. 1991,
Hammer et al. 1991). The next stage is the economic evaluation of
forecasts with whole property /herd models (Holmes 1990, Gillard and
Monypenny 1990, Foran and Stafford Smith 1991).

However, where strategic stocking policies are adopted, for example a
constant stocking rate which resulted in pasture utilisation being safe
(less than 30%) in 80% of years, then there is only a small proportion of
years (10 -20%) where forecasts can be useful. Where resource damage is
reversible then the value of unreliable forecasts is debatable and can be
assessed only by sound economic models.

The calculation of strategic stocking policy requires assumptions about
future climatic conditions on a 30 -100 year time scale. For want of better
knowledge the usual assumption has been to use a climatic record as long as
possible i.e. usually back to 1880s. However, this assumption must now be
questioned given the prospect of global warming and evidence from
historical analyses of climate change (Stewart et al. 1989). The
simulations of future climate provided by General Circulation Models are
still classed as 'scenario's'. A major source of uncertainty is the future
behaviour of ocean currents, especially El Niño, which are so important in
determining rainfall in Australia's rangelands. Hence, the role of
seasonal forecasting as a tool for revealing the future climate trends,
albeit slowly, year -by -year, becomes more important than just the economic
fine -tuning of existing management practices.

In Queensland, the demand for better seasonal forecasting has resulted in
improvements of the current climate 'outlooks' based on simple correlations
between rainfall and the Southern Oscillation Index. Stone and Auliciems
(1991), and Nicholls (1985, 1992) have demonstrated the importance of the
phase and trend in the SOI as a forecasting tool. Furthermore, Russell et
al. (1992) have shown that combined predictors of SOI and sea surface
temperature can substantially increase forecasting skill. Simulations with
GCM models, using current sea surface temperatures, are providing more
mechanistically based forecasts (N. Nicholls, personal communication;
Folland et al. 1991; Simmonds and Rocha 1991; Hunt 1991).

Should climate change occur as a result of more frequent El Niño or La Niña
events or other circulation changes (Folland et al. 1991), then linking
management decisions to seasonal forecasts would allow managers to 'drift'
in the correct direction. Such an approach, over the last hundred years,
would have avoided the over -grazing and resource damage during the severe
El Nino events that occurred in (1) the 1870s and 1880s, (2) 1899 -1902, and
(3) in the 1980s. Similarly, linking decisions such as pasture burning to
the occurrence of La Niña's (1890s, 1950s, 1970s) would have allowed woody
weed control in areas where burning has been regarded as a risky management
tool (Willcocks et al. 1991).

15



CONCLUSION

The calculation of the 'best' stocking rate remains the major issue for
managers. Safe, constant stocking rates can only be derived in hindsight
and hence are unlikely to be correct in a changing climate, resulting in
either under- utilisation or over -grazing of the pasture. In contrast,
strategies based upon seasonal forecasting will be able to adapt to a
changing climate as forecasting skills improve in line with our
understanding of climatic processes.

We expect that the future breakthroughs in land management will come if the
skill in seasonal forecasting is improved to a level where managers can
apply forecasts in their planning. Given the importance of seasonal
forecasting both for current and future land management it is unfortunate
that current funding has concentrated on scenarios related to the enhanced
Greenhouse effect rather than the problems of seasonal forecasting. The
latter problems will have to be resolved eventually for credible
simulations of regional effects of global warming.

The challenge for research then is to find and demonstrate the land
management, animal husbandry and financial practices which can take
advantage of current and future forecasting skill.
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IMPROVING ACCESS TO CLIMATE INFORMATION NEEDED FOR RANGELAND
MANAGEMENT

J.R. Willcocks and P.G. Filet

Queensland Department of Primary Industries, Emerald, 4720.

ABSTRACT

Ready access to climate data facilitates a better understanding of climate and
enhances rangeland research. The Bureau of Meteorology collects climate data
across Australia and stores the data in both a manuscript archive system and
on computer. Retrieving the data to assist in research projects can be time
consuming and expensive. Consequently government agencies have developed
their own data storage and analysis systems, an example being the Queensland
Department of Primary Industries (QDPI) climate data bank for Queensland. To
assist rural enterprises minimise the management risks associated with climate
variability, a range of "climate" products have been developed throughout
Australia. Such products include books, software and advisory services which
can benefit all those involved in range management.

INTRODUCTION

Climatic factors, particularly rainfall, greatly influence the productivity
and stability of Australia's rangelands (McKeon et al. 1990). Thus to ensure
appropriate range management practices, a clear understanding of the magnitude
of climatic factors, such as rainfall variability, needs to be acquired.

All personnel involved in any aspect of range management utilise some type of
climatic information in undertaking their work. The property manager watches
the nightly weather for any new developments, the range extension officer has
tables of rainfall probabilities close at hand, the research team requires
historical data sets to simulate pasture growth models and the head -office
administrator ponders the last months rainfall distribution maps. Climatic
data are critical to their decisions.

A sound decision needs to accommodate the current and future climatic
conditions to pursue the best option for range management. For example,
initiating a major woody weed control programme by bladeploughing may need to
be delayed if the seasonal outlook, as indicated by El Nino / Southern
Oscillation, may be too dry for re- establishing pasture following ploughing.
Decisions on stock agistment may be influenced by comparing current feed on
hand and long term rainfall probabilities for two prospective locations where
stock could be moved. However, how readily can the range manager access such
climatic information and how can it be made relevant to property practices?

The custodian of climate information in Australia, the Bureau of Meteorology,
has extensive data sets for many sites in Australia. The upsurge in recent
years by State and Federal agencies to utilise climate data for various
research and extension developments has initiated the need to develop "in-
house" ways of storing and managing the data.

In this paper the types of products, such as books, software and advisory
services, that are available to range management personnel are reviewed.

CLIMATE DATA COLLECTION AND STORAGE BY THE BUREAU OF METEOROLOGY

Data Collection

There are approximately 6,000 stations currently collecting rainfall data and
600 stations collecting temperature and other climate data in Australia. Each
month the data (unverified) are sent to the Bureau of Meteorology in Melbourne
and entered into computers for checking and storing. "Quality control" checks
the data for errors, by running it through several programs. The verified
data are stored on computer and the originals are archived as manuscripts
(Bureau of Meteorology 1990).
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TABLE 1 Some climate data products and services in Australia

Product Cost Presentation
format

Data type Coverage

ACRU seasonal
rainfall forecast

$250* monthly
report

rainfall
forecast

20 000
points
across
Australia

Climate Averages
Australia
Bureau of
Meteorology

$78
$10
$60

book
microfiche
printout

rainfall,
temperature and
humidity

All
Australian
climate
stations

MetAccess
Horizon
Agriculture

$490 software rainfall,
temperature,
humidity,
evaporation,
frost and more

16 000
individual
stations
Australia
wide

Queensland's
Rainfall History
QDPI

$60 book rainfall 170
Queensland
stations

Rainman
QPDI

$250 software rainfall,
temperature,
humidity,
evaporation

450
Queensland
stations

Seasonal Climate
Outlook
Bureau of
Meteorology

$120* monthly
report

seasonal
rainfall
forecast

Australia
wide

SOI hotline
QDPI

STD
phone
call

telephone
recorded
message

Recent SOI,
implications
for rainfall
and grazing
management

Weather call
Bureau of
Meteorology

0055
phone
call

telephone
recorded
message

daily rural
forecasts,
seasonal
forecasts

* annual subscription.

Access to stored data

Climate data are available to the public from the Bureau of Metéorology as raw
data or with some statistics, on computer disks, microfiche or printed
material. Data in computer format (e.g. ASCII text files) can be easily
manipulated on the user's computer. Data on microfiche are cheap and compact.
Books such as Climatic Averages Australia (Bureau of Meteorology 1988), can
be purchased by the public. Climatic Averages Australia includes 600 stations
from all over Australia, which is a useful resource book for nationwide
coverage (Table 1).

Locating suitable climate data from the Bureau of Meteorology can be a
problem, even though access is straight forward. The problem arises when a
desired location does not have a full data set, and then having to complete
the data set with a composite set from one or more nearby stations. The
Bureau of Meteorology's directory of stations and Summary of Climate Data
(Bureau of Meteorology 1990, limited circulation) have the required station
information but there is a need for maps to visually locate and compare
station data sets.
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IMPROVING ACCESS TO CLIMATE DATA

Quick and easy access to climate data benefits range management personnel in
undertaking their various tasks. Examples of groups in Australia who are
making climate data more accessible follows. We believe the listing is not
exhaustive, particularly where new climate services have not been widely
publicised.

1. QDPI CLIMATE DATA BANK

Background

The QDPI climate data bank was established to improve access to climate data
for researchers , to overcome the expenses of re- purchasing the same climate
data sets, and to provide climate information relevant to the rural industries
in Queensland (Willcocks and Lloyd 1988). The data bank is on a main frame
computer with access via satellite or telephone link. The QDPI climate data
bank includes information on :
* Daily rainfall data for 400 stations;
* Monthly rainfall for all stations in Queensland and the Northern

Territory;
* Probability tables, which include the effect of SOI, for monthly and

seasonal rainfall for 1000 stations in Queensland;
* Daily climate data (eg. temperature, evaporation, relative humidity)

for 16 stations in Queensland;
* Climate averages for all stations in Queensland;
* Historical SOI values.

Developments

The QDPI Drought Research Unit and the joint CSIRO and QDPI "Agricultural
Production Systems Research Unit" (APSRU) are two major users of the QDPI
climate data bank and have added data (e.g. daily rainfall for additional
stations) and improved access through creating new programs. The Drought
Research Unit aims to warn producers and government of impending drought,
based on the current condition of pastures, El Nino / Southern Oscillation
information and using models to calculate future feed reserves. The models
use current climate data ("real -time" data) , so the group is preparing a real -
time climate data retrieval system using METEX (a Bureau of Meteorology real -
time data access service). The group also has the SOI Hotline, a telephone
recorded message with the latest SOI, and implications for future weather and
grazing management strategies (Table 1). Between 2 April and 11 May 1992,
there were 775 calls (for three updated messages).

Products from the QDPI climate data bank for range managers

To date, there are two major products available to producers which have come
from the QDPI climate data bank. The first is the book Queensland's Rainfall
History ( Willcocks and Young 1991), which presents graphs of rainfall patterns
for 270 stations across Queensland (Table 1). For each station there is a
table with probability distributions of monthly rainfall, and three graphs,
namely, yearly averages and 5 and 10 year moving averages of summer and winter
rainfall. Moving averages smooth out the extreme year to year variability so
the periods of above and below average rainfall can be better identified.

The second product (a joint venture with Bureau of Meteorology) is Rainman :
Rainfall Information for Better Management (Clarkson and Owens 1991), a
computer decision support package (Table 1). The Rainman package has data for
450 stations across Queensland and provides information on:
* daily, monthly and seasonal rainfall characteristics;
* changes in rainfall probability with changes in the SOI;
* drought;
* historical records of monthly rainfall;
* average monthly temperatures, humidity and evaporation ( 86 stations);
The package also includes a book Will it Rain? (Partridge 1991 ) which explains
the El Nino / Southern Oscillation and its effects on crop and pasture growth.
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Climate software such as Rainman improves access by range managers to climate
information by providing complex yet fast analysis of large data sets on the
home computer.

Rainman and Queensland's Rainfall History can be improved with maps showing
the locations of the stations, for instances when climate information is
required for locations not included.

2. THE BUREAU OF METEOROLOGY

There is a major project under way to modernise the Bureau of Meteorology data
bank which will improve access to climate data. The rural community requires
better access to both real -time data (unverified) and stored data (verified).
Part of the improvements will come from using electronic field books. It will
save data entry time, make more types of data available as real -time data and
make verified data available faster than in the current system. Simplified
data access is being developed for clients. When in place, communication
services such as fax, DIFACS, pollfax, bulletin boards, and computer- computer
links will all make forecasts and data easier to access.

3. METACCESS

MetAccess (Donnally et al. 1992) is a computer package providing statistical
and historical climate information (Table 1). It includes data for rainfall,
evaporation, temperature, wind, solar radiation and frost. The information
is presented graphically or as tables. The statistical analyses are detailed
and there are options to combine different data sets on the one screen. The
graphing, flexibility in choosing data sets and ability for users to enter and
analyse their own data, are improvements on the Rainman software. However,
MetAccess does not include analyses with the SOI, and it has less interpretive
information, such as the drought analysis.

The main restriction with both MetAccess and Rainman is that they do not
integrate climate variables which together influence pasture growth. A
software program called Climate, being developed by the CSIRO in Alice Springs
is furthering the information in MetAccess to make it more useful in range
management decision making (Mark Stafford -Smith pers. comm.). For example,
Climate will integrate rainfall and temperature probabilities to determine the
probability of pasture growth which provides useful information for destocking
decisions at the end of summer.

4. WESTERN AUSTRALIA DEPARTMENT OF AGRICULTURE

The Western Australia Department of Agriculture (WADA) provides detailed
rainfall probabilities. The probability information is generated on computer
for each season and includes such probabilities as having an early break to
the dry season and the probability of a dry spell following that early break.
Current use is by extension officers to service producer enquiries. In
addition they provide general climate information included in agricultural
information books for different regions (e.g. Payne et al. 1987).

In future, the WADA hopes to produce a series of pamphlets on rainfall graphs
and probabilities similar to those in Queensland's Rainfall History. They
plan to produce a separate pamphlet for each station rather than a book.

WEATHER FORECASTING SUPPLEMENTS USE OF CLIMATE DATA

Analysis of climate data provides a background understanding of the climate
regime and its variability, but weather predictions are based on what is
currently occurring in the atmosphere and oceans. Forecasting techniques and
services have progressed rapidly in the last few decades, and the following
are examples of what is currently available.

Bureau of Meteorology

The Bureau of Meteorology has improved the accuracy of their day to day
forecasts and initiated seasonal forecasts. The Bureau of Meteorology has
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"weather call" services (0055 numbers) for daily forecasts in rural NSW and
Victoria, and for the national seasonal forecasts. A brief version of the
seasonal outlook is provided to the media and is published by several rural
newspapers and broadcast by various radio stations. More detailed reports
about the national seasonal outlook are available through an annual
subscription to the Seasonal Climate Outlook (Table 1).

The daily forecasts, which are used by the mass media, access the rural
industries daily. The Bureau of Meteorology has specialised forecasting
services for various rural industries such as dried fruit, grape growing
(frost forecasts), sheep grazing and sugar cane (Noar 1991).

The Applied Climate Research Unit

The Applied Climate Research Unit (ACRU) at the University of Queensland
provides seasonal and yearly forecasting services and various specific
consultancies, all on a commercial basis. The seasonal rainfall forecasts are
for individual centres anywhere in Australia (20 000 points). The forecasts
are sent each month and give three probability levels of rainfall (30 %, 50%
and 70% probability of exceedence) and general information about the forecast
and the current weather patterns (Table 1). This forecasting service is
specific to a location whereas the Seasonal Climate Outlook is Australia wide.

BETTER ACCESS IMPROVES RANGE RESEARCH

Better access to climate data benefits research which in turn benefits range
management. Range management research depends on collecting weather data or
using climate data already collected. Modelling work, in particular, uses
long term climate records (McKeon et al. 1990, Foran and Stafford -Smith 1991).
Quicker access to climate data improves range management by increasing the
efficiency of range research. Many decision support packages use climate data
in their simulations eg : Grassman (Scanlan and McKeon 1990) and RangePack
Herd-Econ (Stafford Smith and Foran 1988).

The "Agricultural Production Systems Research
assessing in economic terms (e.g. gross
forecasting systems in crop production. APSRU
help minimise risk when making decisions, such
to apply nitrogen fertiliser (Roger Stone pers.
shows potential for range management.

FUTURE

Unit" (APSRU) in Queensland is
margins), the usefulness of
is finding SOI information can
as date of planting and whether
comm.). Such an approach also

Rainman and MetAccess are the first examples of software products about
climate that producers can purchase. It is planned that Rainman will soon be
an Australian wide product. However, the success in updating the data in such
packages is yet to be tested.

Currently, in Australia the expense of obtaining climate data relates to the
cost of extracting and supplying the data. World Weather Watch, under the
auspices of the World Meteorological Organisation, is an international
agreement whereby weather observations, collected by 160 nations worldwide,
are made available freely and quickly to other nations. Many nations,
including Australia, are developing privatised services for specialist
requests, but are keeping a free service for general forecasts and access to
data (Trenberth 1992). The New Zealand Meteorological Service however, is now
charging for data and forecasts, the aim being to reduce costs and improve
services (Grant 1992). Such charging could jeopardise the free exchange of
data. Any charging for climate data will restrict access, and reverse the
current trend of increasing use of climate data in range management.

Access to climate data needed for range management has improved in the last
decade through new services provided by rangeland researchers, advisers and
the Bureau of Meteorology. It will continue to improve as the Bureau of
Meteorology upgrades its data bank and access methods. In addition, fore-
casting techniques have vastly improved and the resulting seasonal forecasts
and rural weather warnings are now useful tools for range management.
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VEGETATION DYNAMICS IN CHANGING ENVIRONMENTS
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ABSTRACT

Human - induced changes in atmospheric chemistry and meteorology have the
potential to impact a broad array of ecosystem processes over a range of
temporal and spatial scales. These may have direct and indirect effects that
could influence management strategies and landscape responses to disturbances
associated with natural events and land use. The extent to which forecasted
global changes are effective in altering local ecosystem properties will
depend upon a variety of factors. In this paper, I address species life
history traits and community and landscape properties that can be used by land
managers to anticipate local manifestations of global change.

INTRODUCTION

Conditions in the atmosphere, oceans and biosphere have followed natural
cycles over the geological past. Paleo- reconstructions around the world
suggest that change is the rule, not the exception and that the changes
experienced by man over the past several hundred years are relatively minor
in relation to the kinds and magnitude of changes which have occurred over the
past millennia. However, human activities have now become an increasingly
important force driving changes in the environment. Scientific theory and
evidence indicate that the extraction and utilisation of resources by rapidly
expanding human populations have the potential to induce profound changes in
the global environment. Intensification of industrial and land -use practices
have increased concentrations of greenhouse gases and have altered surface
energy flux and biophysical features in ways that potentially could produce
shifts in climate and thus impact ecosystem processes. Managers of land
resources must somehow accommodate the ever- increasing needs and demands of
societies while mitigating pollution and threats to biodiversity and
sustainability in a future environment whose status may be quite different
from that of our recent experience.

Land managers are faced with several general challenges associated with
resource consumption by expanding populations in the face of impending global
change. These include: (1) Maintenance of sustained utilisation and
prevention of ecological degradation. This will be particularly critical where
population pressures force intensification of agroforestry, grazing or dryland
cropping onto marginal lands. Past experience suggests that recovery of
degraded rangeland ecosystems may not occur over time- frames relevant to
management, even with substantial cultural energy inputs. The adage "an ounce
of prevention is worth a pound of cure" thus has substantial application to
rangeland management. (2) Altering landscapes to increase the production of
desired or needed products (as by the introduction of new species or
genetically engineered varieties); and (3) restoring degraded landscapes to
enhance their ecological or economic productivity and diversity. In
addressing these issues of resource use in a changing climate and environment,
several questions emerge:

* What will be the rate, pattern and extent of change in ecosystems?
Will changes be gradual and linear or abrupt and non -linear? To what
extent will changes constitute a re- shuffling of dominance versus
radical shifts in physiognomy?

* To what extent will the distribution and productivity of key food,
forage and fibre plants be affected?

* How will secondary productivity and the carrying capacity for wildlife
and livestock change?

* To what extent will plant, community and landscape sensitivity to
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stresses associated with resource utilisation be altered?

* How will natural disturbance regimes change under new climates and how
will these changes influence vegetation processes?

* What is the prognosis for undesirable pest species and exotic invaders?
What plants or animals might emerge to become new "problem" organisms;
what species might emerge as "solution" organisms in land stabilisation
and restoration?

* What sociopolitical and economic circumstances interact with climate to
determine patterns of land use and contribute to land degradation?

* How strong are the linkages between land surface properties and
atmospheric processes? How do land -use practices mitigate or
accentuate climate and global change?

Predictions of future changes in the global environment are riddled with
uncertainty. Changes have been and are being documented, but our
understanding of their causes and our ability to predict their consequences
is limited. Although ecological science has progressed significantly over the
past three decades, most of the research has been at a level that is of
limited use in understanding global environmental change. We are only
beginning to grapple with theoretical and conceptual approaches for coupling
processes that operate at different scales and for coupling interactions
between landscapes, regions and continents with each other. The development
of global ecosystem models has lagged behind that of global atmospheric and
physical oceanographic models, largely reflecting the fact that the science
of ecology is relatively young. Advances in our understanding of large -scale,
long -term ecosystem processes (Schimel et al. 1991) will benefit ecologists
and natural resource managers and provide useful inputs for coupling land
surface processes to oceanic and atmospheric processes, thus improving the
performance of global climate models.

Direct and indirect feedbacks linking terrestrial ecosystems with global
change include interactions affecting fluxes of water, energy, nutrients, and
greenhouse gases. Ojima et al. (1991) broadly review these interactions and
discuss the importance of spatial and temporal scale in determining the
strength and manifestation of land surface- atmosphere interactions. They also
review Core Projects of the International Geosphere -Biosphere Programme (IGBP)
and the research plans proposed to develop a predictive understanding of how
terrestrial ecosystems will be impacted by global change. In this paper, I
address species life history traits and community and landscape properties
that can be used by land managers to anticipate local manifestations of global
change.

THE NATURE OF CHANGE IN VEGETATION, SOILS AND ECOSYSTEM PROCESSES

Human - induced changes in atmospheric chemistry and meteorology have the
potential to influence a broad array of ecosystems processes over a range of
temporal and spatial scales (Mooney et al. 1987, Schimel et al. 1990, 1991).
Observed and expected ecosystem -level responses have been reviewed for
increased atmospheric CO2 (Bazzaz 1990, Mooney et al. 1991), increased
temperature (Emanuel et al. 1985a,ó; Pastor and Post 1988, Melillo et al.
1990), acid precipitation (Schulze et al. 1988, Schulze 1989), nutrient
deposition (Aber et al. 1991), tropospheric ozone (Ashmore and Bell 1991), and
sulfur dioxide (Winner and Mooney 1985). The composition and productivity of
ecosystems is expected to change in future environments, as suitable habitat
for different species may move gradually and directionally or as climate -
related disturbance regimes (fire, flooding, wind, pest outbreaks) change.
In some cases dominance may be reapportioned among existing species or similar
growth forms; in other cases radical changes in species composition and
physiognomy may occur. When assessing the potential manifestation of these
various and interacting components of global change with respect to a given
region and vegetation type and the ability of biotic systems to adapt or
migrate, numerous factors must be considered. Some of these are discussed in
the following sections.
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Species life history attributes

Differences in rates and patterns of succession result from the interaction
of species with various combinations of physiological and life history traits
(Huston and Smith 1987). The rate, extent and dynamics of climate -,
disturbance- or management- induced shifts in vegetation would be strongly
influenced by the life history characteristics of the species involved (e.g.,
maximum growth rate, maximum size, maximum longevity, maximum seedling
establishment, stress tolerance).

Seed Production. The resource status of plants strongly influences
reproductive output (Stephenson 1981, Bazzaz et al. 1987) and reproductive
output translates into opportunities for recruitment and dispersal.
Environmental changes which affect viable seed production (positively or
negatively) may therefore influence species abundance in existing or new
habitats. The production of dispersable, viable seed may also depend on the
extent of pollinator availability and the abundance of pre- and post -dispersal
seed predators in altered environments or in new geographic ranges. For
species expanding their geographic ranges, seed germination, seedling
establishment and development. of adult plants may be possible under new
climatic conditions. However, if non -climatic factors of new environments are
not suitable (e.g., photoperiodic requirements for floral induction) seed
production and sexual perpetuation of the population will not occur.

Seed Dispersal. The extent to which species are able to migrate to new
habitats that develop under future environmental conditions will depend on
modes of seed dispersal and rates of climate change. For species that produce
few seeds and species that have a limited range of effective dispersal,
migration would be slow relative to that of species that are adapted for long -
range dispersal and /or maintain a high reproductive output. If climatic
conditions change rapidly, species ill- adapted to the new conditions may
decrease seed production and perish from their existing range before suitable
new habitats open up or before seeds can be dispersed to new habitats.
Species favoured under a new climate may increase seed production and thus
increase their opportunity for local recruitment and regional dispersal.
Rates of dispersal are also influenced by the extent of habitat continuity or
fragmentation and critical thresholds of habitat connectivity may occur at
spatial scales specific to the dispersal characteristics of plant populations
(Gardner et al. 1991). Species dispersal characteristics must therefore be
evaluated in the context of landscape pattern. Urban centres and agricultural
tracts contribute significantly to fragmentation and may constitute
significant barriers to species colonisation of new habitats. Species with
slow migration rates should be identified and targeted for transplanting.

Seed Bank. Expression of the soil seed bank will interact with dispersal of
new propagules to a site to influence the rate and dynamics of community
change under new environmental conditions. Species with long -lived seed may
persist on a site long after macroclimate changes, as long as there are
periodic opportunities for seed germination and seedling establishment (see
Biological Inertia). Seeds of species presently absent or of little
importance in the community may be abundant in the soil (the result of an
active seed rain or a long -term accumulation) but their germination and /or
establishment suppressed under the prevailing environmental conditions. Under
new environmental conditions, the expression of the seedbank may change to
enable rapid alterations in community composition. Seed persistence will
potentially change with changing environments, perhaps increasing where
climate becomes drier, and decreasing where conditions become moister.

Seedling Establishment. Successful restoration efforts or changes in plant
composition under new climatic regimes will require establishment of
seedlings, typically the most critical phase of a plant's life -cycle. If the
climatic conditions change such that the dominant plants cannot successfully
reestablish from seed with sufficient frequency to maintain the population,
community composition is destined to change, the rate depending on longevity
of plants in the present population. Our understanding of the ecophysiology
and distribution of species in relation to abiotic factors is largely based
on studies of adult plants. However, projections based on inferences derived
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from the behaviour or distribution and abundance of adult plants in relation
to environmental factors may be misleading, since the scale of environmental
heterogeneity that is relevant and readily studied for mature plants is of
quite a different order from that which determines the fate of a seed or
seedling (Harper 1977 p112). Establishment of new species under changed
environments will also be influenced by the extent of competition from
existing vegetation and rates of gap formation (resulting from death of
individual plants associated with aging, stress or disturbance). In other
cases, seedlings may establish but remain suppressed until disturbance or
environmental change adversely affects the dominant species (Merz and Boyce
1956, Grubb 1977, Hara 1987). Where these inconspicuous "seedling reserves"
exist, plant community response to climate change may be more rapid than
expected. For species expanding into new ranges, successful seedling
establishment may also depend on the availability of suitable species of
mycorrhizae or root symbionts (E. Allen 1989, M. Allen 1989).

Vegetative Reproduction. Established individuals with long -life spans may
tolerate the range of climatic and atmospheric changes likely to be
encountered over the upcoming decades or even centuries. Among plants capable
of vegetative regeneration, ramets (individual stems or shoots) that succumb
to stress or disturbance may be replaced vegetatively, thus perpetuating the
genet (individual plant). Species that endure chronically or periodically
adverse conditions may thus persist long enough vegetatively to encounter rare
or infrequent windows of opportunity for successful seed production,
germination and seedling establishment. Recruitment of new individuals during
these unpredictable windows may be sufficient to maintain the population and
partially or fully compensate for mortality since the last recruitment episode
and /or enable a species to increase in density by establishing in gaps left
by other species. For long -lived plants, climatic episodes conducive to
seedling establishment may occur more frequently than episodes which induce
wide- spread mortality among adult plants. This can result in substantial
vegetation inertia and create a lag in vegetation response to changing
climate.

Stress Tolerance vs. Competitive Ability. Attributes of competitive and
stress -tolerant plants have been described by Grime (1979) who proposed a
classification system based on the relative importance of stress, competition
and disturbance in determining plant life history attributes. Such
classifications should prove a useful conceptual framework for anticipating
vegetation response to altered environmental conditions. For example,
environmental changes which decrease resource availability or push resource
modulators (e.g. temperature) to greater extremes would favour slow -growing
species adapted for stress tolerance, resource conservation and resource use
efficiency, whereas changes to environments characterised by greater resource
availability and /or more benign temperature regimes would favour species
selected for rapid growth and competitive ability (see Chapin 1980, Chapin et
al. 1987).

Longevity. Differences in mean and maximum potential plant longevities
between species will influence the frequency of gap formation and hence the
propensity for community change. Other factors held equal, the rate of gap
formation (= opportunities for establishment of other plant species) would be
highest for short -lived species with high rates of turnover. Long -lived
plants may persist for extended periods under new environmental conditions and
buffer population decline under unfavourable environmental conditions, giving
the illusion of community stability. Life -expectancy of the current dominants
may change, depending on whether their susceptibility to density dependent and
density independent mortality factors are increased or decreased under altered
environmental conditions.

Genetic Variability. The plasticity of individual organisms and populations
to adjust to a changing environment is finite. However, species with a broad
ecological amplitude and extensive genotypic or phenotypic plasticity may be
more likely to persist and adjust to new environments than species which
exhibit a high degree of fidelity with respect to specific environmental
conditions. Changes in abundance of sensitive species may provide early
warning of ecosystem change. The extent to which species mipt persist where
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present geographic ranges and future ranges predicted under new climatic
conditions overlap, may be determined by the degree to which specific
populations have specialised with respect to present -day environmental
conditions. The extent to which populations of a species are adapted to the
full spectrum of conditions - including varying day length, temperature
regimes, length of growing season, soils and the like - found throughout the
entire range is unknown for many species. Distinct ecotypes or subspecies
adapted to local conditions may not be able to survive in other parts of the
species' geographic range or in new habitats where key non -climatic factors
(photoperiod for example) may not be suitable for completion of the life
cycle. In cases where this is true, a species may not persist or successfully
migrate as predicted from assessments of moisture, temperature and nutrient
requirements.

Plant Community and Landscape Attributes

Regional physiognomy may largely reflect the prevailing macroclimate (Box,
1981). However, substantial variation occurs across landscapes within a
region, and broad -scale climatic variables cannot account for the spatial
patterns which shape ecosystem characteristics on a local scale. As spatial
and temporal frames of observation are diminished and resolution is increased,
edaphic heterogeneity and disturbances (such as grazing, fire, cropping,
flooding, etc.) assume greater importance in determining ecosystem structure
and function. Seasonal and annual variability in weather will dictate the
productivity and dynamics of populations over time. Soils, topography and
elevation will influence patterns of plant distribution, growth, and abundance
over the landscape, and these localised variations in plant distribution will
subsequently influence animal distribution and abundance. The utilisation of
plants by animals (grazers, browsers, granivores, etc.) will be superimposed
on this background of topo- edaphic heterogeneity and climatic variability to
further influence ecosystem structure and function. As a result, plant
species whose adaptations to the prevailing climate and soils would make them
the competitive dominants of the community when herbivore populations are low
may assume subordinate roles or even face local extinction when certain
herbivores are present.

At the community and landscape levels of organisation, changes in climatic
variables that might favour certain species or growth forms or produce shifts
in geographic ranges may be of little consequence if constraints imposed by
soils, herbivores or recurring disturbance are not simultaneously overcome.
Anticipating changes in plant distribution and abundance under new climatic
regimes thus requires a working knowledge of the degree of interaction between
plant, animal and environmental components across an array of spatial and
temporal scales.

Each of the plants in a community has its own physiologic tolerances and will
respond differently to changing environmental conditions. They will disperse,
perhaps in different directions and at their own speed. The communities that
develop under future climates will not simply be displaced duplicates of those
present today; new communities and new assembly rules for species interactions
will undoubtedly emerge. For some communities, landscapes and regions, there
may be simply be re- alignment of patterns of distribution and abundance of
species within their historic ranges; for others, the geographic expansion or
contraction of species ranges may radically alter species composition and
physiognomy. The rate and extent of change in species composition under
altered climates will be modulated by topo- edaphic factors and disturbance
regimes.

Succession and Alternate Steady States. Our ability to anticipate future
changes in vegetation hinges on our understanding of processes regulating
community succession, stability and resilience. How will community stability
change under new climates? Stability is a measure of persistence in the face
of disturbance. Two components of stability are resistance and resilience.
Resistance describes the ability of the community to avoid displacement when
a given type, frequency or magnitude of disturbance occurs; resilience
describes the speed with which a community returns to its former state after
it has been displaced from that state (Begon et al. 1986). We know little of
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these attributes or how climate change may influence them. How much
environmental change can a particular community endure before significant
alterations of structure and function occur? Will some communities become
more resistant to change under new environmental conditions, while others
become less so? Once disturbed, will the community return to its previous
state? If so, how might the rate of recovery be influenced under altered
environmental conditions? The concepts of resistance and resilience presume
the existence of disturbance and transition thresholds. If thresholds exist,
the magnitude of change a system can absorb before transitioning to an
alternate state must be determined in the context of future environmental
conditions. Plant and population attributes which may forecast impending
changes must be quantified so that management can be adjusted to either avert
undesirable shifts or to facilitate implementation of desirable shifts.

Positive and negative feedbacks. Interactions among ecosystem components are
often regulated by positive or negative feedbacks which confer a degree of
homeostasis. Positive feedbacks are those which reinforce deviations from a
set point, while negative feedbacks halt or reverse movement away from a
steady -state condition. Positive feedbacks can thus accelerate change, and
negative feedbacks may enable systems to resist change.

Schlesinger et al. (1990) hypothesise that positive feedbacks are operational
in desertification. In their proposed scenario, long -term grazing of semi -arid
grasslands by livestock produces spatial and temporal heterogeneity of soil
resources such as nitrogen and water. Heterogeneity of soil resources
subsequently promotes establishment of desert shrubs which further localise
soil resources under their canopies. As barren areas between shrubs develop,
soil fertility is reduced by erosion and gaseous emissions and a greater
percentage of the soil surface becomes exposed. Soil surface and air
temperatures thus increase and produce a hotter, drier micro- and mesoclimate
which favours drought -tolerant shrubs over grasses. This positive feedback
process is thus a potential mechanism by which desertification might occur in
arid and semi -arid regions, independent of climate (though climatic variables
would mitigate or accentuate the process).

Positive feedbacks may also be initiated by species which redirect
successional processes or disturbance regimes once established. For example,
woody plants such as sumac (Rhus spp.), honey mesquite (Prosopis glandulosa)
and various Acacia spp. may facilitate the ingress and establishment of other
woody species subsequent to their establishment in grasslands (Yarranton and
Morrison 1974, Petranka and McPherson 1979, Hacker 1984, Yeaton and Manzanares
1986, Smith and Goodman 1987, Archer et al. 1988, Vitousek and Walker 1989).
This facilitation may be either passive, as in providing perching structures
for birds disseminating seeds of other woody species (McDonnell and Stiles
1983) or active, and associated with alterations in soils and microclimate
that favour the establishment of other plant species. In other cases,
positive feedbacks are initiated when the presence of species or growth forms
alters disturbance regimes. This has been occurring over extensive areas of
the western United States, where introduced annual brome grasses (Bromus spp.)
have increased the frequency and areal extent of fire in a self -reinforcing
fashion which ultimately leads to the conversion of perennial sagebrush
(Artemisia spp.)- steppe to annual grassland (McArthur et al. 1990).

The rate and magnitude of future changes in community structure and function
may thus depend on the degree to which new combinations of species influence
positive and negative feedbacks within the community and hence dictate future
trajectories of plant succession. Resource managers can potentially
manipulate organisms and ecosystem processes to (1) reinforce negative
feedbacks or negate positive feedbacks to enhance stability; or (2) augment
positive feedbacks to facilitate desired change.

Species Diversity. Growth of each species in a community is limited by a
different combination of environmental factors. Fluctuations in weather cause
production of individual species to vary substantially from year to year.
However, production of the whole community may be more stable, because years
favourable for growth of some species cause a compensatory decrease in growth
of other species (Chapin et al. 1987). Conversely, in stressful years, the
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loss of productivity of some species may be compensated for by growth of
others. As a result, changes in relative growth rates and abundances of co-
occurring species tend to stabilise ecosystem processes such as primary
production. Patterns of species rearrangement and community productivity
under future environments may therefore be a function of the available species
pool. Species availability, in turn, will be influenced to a large extent by
changes in local and regional biodiversity associated with anthropogenic
resource utilisation.

Biological Inertia. The extent to which shifts in vegetation structure lag
behind the climatic changes which drive them, and the extent to which
vegetation can ever be said to be in equilibrium with climate are not easily
determined (Davis 1984, Cole 1985, Lewin 1985). Some organisms track climate
closely, reacting to conditions each year, while others respond so slowly that
only long -term climatic trends have any observable impact (Davis 1984). As
described in the previous section, vegetation established from seed under one
climatic regime may persist under an altered regime in a vegetative state or
by maintaining a persistent seed bank and exploiting infrequent windows of
opportunity for seedling establishment. Modern vegetation -climate
correlations which form the basis for projection of new vegetation states
under future climatic regimes may be spurious or low in cases where vegetation
inertia is high. Biological inertia also accounts for the considerable
difficulty in management attempts to displace undesirable vegetation even with
substantial inputs of herbicides, seed, etc. Depending on the direction and
magnitude of climate and atmospheric change, vegetation resistance may be
relaxed or fortified.

Boundary Dynamics. Boundaries between plant communities or plant formations
represent likely sites for species retreat or advancement, and global change
is likely to affect the size, location, shape and composition of landscape
boundaries. Species near the extremes of their geographic ranges and ecotonal
zones between plant communities, plant formations and biomes, will likely be
most sensitive and responsive to climate change or changes in disturbance
regimes related to climate (Hansen et al. 1988). The distribution of plant
lifeforms is closely coupled to macroclimate and natural plant "lifeform
ecotones" cover 30% of earths land surface (Box 1981). As a result, the
potential for change is great. However, patterns of change will likely not
be uniform and will depend upon the extent to which landscapes are connected
or fragmented, rates of habitat displacement, and species extinction and
migration rates. Turner et al. (1991) illustrate how these factors can be
evaluated for specific species and sites to identify the combinations of
parameters which allow successful colonisation and those for which community
survival is jeopardised. Rate of vegetation change will also influence patch
structure. Moody and Mack (1988) found that the spread of invading plants was
primarily regulated by the dynamics of satellite stands rather than expansion
of an initially large stand. This suggests that management efforts aimed at
containing undesirable species or facilitating the spread of desirable species
should be focused on outlying patches rather than large, intact stands.

Edaphic Properties. Soil is the largest terrestrial pool of C,N and S and is
intimately involved in the fluxes of these important greenhouse elements
between land and atmosphere. Changes in management and climate have
substantial potential to influence the extent to which soils are sources or
sinks for key atmospheric gases (e.g. Mosier et al. 1991, Ojima et al. 1992).
Soil organic carbon (SOC) may be the single best indicator of ecosystem status
in grassland and agricultural systems, both as an integrator of long -term
productivity and decomposition and as an index of soil fertility (Burke et al.
1989). Results of a regional analysis of the North American Great Plains
grasslands predict reductions in SOC storage under CO2- altered climates, the
result of increased decomposition rates associated with increased temperatures
(Burke et al. 1991). Losses were greatest in areas with high precipitation
and high initial SOC; sandy soils had smaller absolute SOC losses than fine -
textured soils, but higher losses relative to the total. Slight (<10%)
increases in above- ground net primary production (ANPP) were predicted over
the 50 -year simulation. However, losses of SOC to the atmosphere were small
relative to historical cultivation effects, illustrating the importance of
land management on regional carbon balance and soil properties. Preservation
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of soil integrity is a key issue in both present and future environments,
especially where climatic changes may lead to increased vulnerability to wind
and water erosion (e.g., by effecting decreased plant cover, increased
rainfall intensity).

Except in cases of recent land degradation and erosion, present -day soils
largely reflect characteristics developed over the past centuries and their
ability to support an alternate vegetation that might otherwise be well -

adapted to future climatic regimes, may be limited. Changes in topo- edaphic
features potentially required to support new vegetation types could lag far
behind changes in climate and would be constrained by parent material and
geomorphology. In other cases, soil properties related to nutrient
availability (associated with altered pH and mineralisation [Schimel et al.
1990), nutrient deposition [Aber et al. 1991]) or salinity (associated with
changes in water table depth [Western and van Praet 1973]) may change rapidly
in response to global change, and markedly influence species or growth form
composition and productivity and plant community response to climate change
(e.g. Pastor and Post 1988). See Swift (1991) for proposed IGBP research
agenda on soil fertility and global change.

POTENTIAL VERSUS REALISED CHANGE

The following are additional considerations for evaluating the extent to which
potential changes in ecosystem structure and function associated with changes
in atmospheric physiochemical processes are realised.

Seasonality, Means and Extremes. In cases where environmental change is
relatively gradual or where there are shifts in seasonality, productivity of
existing species may be differentially affected, producing short -term changes
in patterns of growth, biomass distribution, seed production, and
susceptibility to stress. Over longer time frames, shifts in the direction
and intensity of competitive interactions, plant longevity and recruitment
would produce changes in composition. Over short time - frames it would be
difficult to distinguish these sorts of changes from fluctuation associated
with climatic variability.

For a species to persist in a community, it must be adapted to the range of
conditions likely to be experienced over its life cycle. Infrequent but
recurring events such as drought, flooding, extreme temperatures, high winds,
and herbivore or pathogen outbreaks may therefore limit the occurrence of
organisms otherwise well- suited to mean conditions. Conversely, opportunities
for seedling establishment may be infrequent and triggered by infrequent
combinations of events (e.g. Beatley, 1974, Griffin and Friedel 1985, Turner
1990). Where infrequent events exert strong and long -lasting influences,
correlations of ecosystem processes with mean or seasonal attributes may be
low or misleading and patterns of change will be abrupt and non -linear. As
a result, changes in the frequency, magnitude and timing of extreme events
associated with future climates will be an important determinant of ecosystem
dynamics and structure.

Interactions and Necessary /Sufficient Conditions. It is necessary for some
conditions to change if ecosystems are to change. However, because of
thresholds, inertia, limiting factors and interactions, a change in one or
more conditions does not necessarily mean that a change in ecosystem status
will follow. Thus, certain kinds of changes may be necessary, but by
themselves are not sufficient to alter structure and function.

The influence of changing a certain variable(s), on ecosystem structure, will
be determined by the magnitude, direction and duration of the change and the
extent to which the change is either augmented (positive feedback, synergism)
or negated (negative feedback) by other variables. As a result, a CO
fertiliser effect which has the potential to increase productivity and shift
composition from C4 to C3 species may not be realised unless constraints
imposed by moisture and nitrogen availability are simultaneously overcome.
Changes in ANPP under new climates may not translate as expected into
increased secondary productivity if plant allocation to secondary chemicals
or structural compounds is altered to affect digestibility. Climatic changes
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favouring the replacement of grasses by trees and shrubs may not be realised
if seed predators and browsers that utilise woody vegetation are present or
if fire regimes are maintained or increased. Conversely, selective grazing
by wildlife or livestock may elicit a shift from grassland to shrubland quite
independent of climate. Increased precipitation has the potential to induce
shifts in production and species composition, but if this is accompanied by
reductions in photosynthetically active radiation (associated with increased
cloudiness) or increases in salinity (associated with elevation of water
tables), the type of change will be quite different from that predicted from
rainfall alone. These examples reflect the fact that system behaviour
predicted from the evaluation of individual components will often be quite
different from the behaviour manifested when multiple components are
interacting.

CONCLUSIONS

Ecological science has progressed significantly over the past three decades,
but most of the research has been at a level that is of limited use in
understanding global environmental change. Descriptive studies may document
change, but often do not reveal causes or mechanisms. Empirical, experimental
studies that require the scientific rigour of manipulation and replication are
typically small -scale, occur over brief time periods, and are focused on a few
variables. While such approaches quantify relationships, processes and
mechanisms, their relevance in the context of processes operating at greater
spatial and temporal scales remains uncertain. Two major kinds of research
have been advocated to develop the intellectual and technological tools needed
to tackle issues of global change (Brown and Roughgarden 1989): (1)
theoretical and empirical studies of the phenomenon of scale and the coupling
of processes operating at different scales; and (2) field and modelling
studies explicitly incorporating the diverse effects of humans on ecosystems
and ecological processes.

On a local scale, natural resource managers should use their knowledge of
climatic influences on plant life- history attributes, disturbance impacts and
successional processes, to anticipate future change and to identify
circumstances whereby desirable transitions can be augmented or facilitated,
and undesirable transitions mitigated or avoided. In systems where climatic
variability is the rule rather than the exception, situations conducive to
vegetation improvement or deterioration may arise infrequently and
unexpectedly. Failure to recognise and respond to either situation
constitutes missed opportunity. If the potential for transition to
undesirable states is ignored, long -lasting, potentially irreversible impacts
can result. Conversely, progressive and flexible management schemes which can
capitalise on infrequent windows of opportunity for vegetation improvement may
realise long -term benefits.
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PIOSPHERES AND THE STATE- AND -TRANSITION MODEL OF VEGETATION
CHANGE IN CHENOPOD SHRUBLANDS

L.P. Hunt

Department of Agriculture, Box 357, Port Augusta, S.A. 5700

ABSTRACT

New approaches to rangeland management which are directed at overcoming the
problems caused by spatial and temporal heterogeneity in paddocks, must be
applied in an integrated way. This will maximise their usefulness in
improving management. Thus concepts such as the state - and -transition model,
which is essentially a temporal model of vegetation change, must be applied
at the scale of full -size commercial paddocks and must take account of spatial
heterogeneity within paddocks. Ultimately however, computer -based spatial
models of both animal distribution in paddocks and erosion must be integrated
with temporal models of vegetation change.

This paper demonstrates one simple example of how spatial aspects of grazing
impact around a water point (ie. the piosphere) can be integrated with the
state - and -transition model. It shows how different vegetation states occur
as distance from water increases and how changes in state are reflected as
changes in piosphere size. It describes these states and the transitions
between states for saltbush (Atriplex vesicaria) in the chenopod shrublands
of SA. The implications of this for rangeland management and research are
briefly discussed.

INTRODUCTION

Recent years have seen a recognition of the important influence spatial and
temporal heterogeneity has on the key ecological relationships in Australia's
arid lands (Stafford Smith and Morton 1990). In the past, spatial
heterogeneity has often confounded attempts to detect biological change but
now new methods based on spatial processes have been developed to provide
better indices of landscape change (Stafford Smith and Pickup 1990).
Similarly, temporal heterogeneity has often resulted in an inability to
predict the changes in vegetation resulting from the application or removal
of extrinsic factors such as grazing (Griffin and Friedel 1985). In part this
has been due to the inadequacies of the range succession or 'climax' model of
vegetation change upon which our ideas were based, so to improve our
predictive powers, Westoby et al (1989) proposed an alternative model of
rangeland dynamics, the state - and -transition model. This model suggests that
rangeland vegetation can be described by a catalogue of alternative discrete
states with a range of possible transitions between states, depending on the
combination of climatic events and management factors which are imposed. The
focus is on management of the vegetation based on the ecology of the plant
species involved. It is potentially a very useful model since it is a
temporal model dealing in a time -frame which is appropriate to management.
It is also compatible with other important concepts such as thresholds of
change in range condition (Friedel 1991, Laycock 1991).

Despite these changes in approach it is often the case that these sources of
heterogeneity and their effects on the vegetation and livestock are treated
in isolation of the other. Frequently the emphasis is on temporal changes in
vegetation only, but recently Coughenour (1991) has stressed the need to
relate plant responses to herbivory to spatial grazing distributions. To
improve range management Pickup and Stafford Smith (1987) suggested we need
to integrate models of soil dynamics, animal distribution and vegetation
response - that is, our understanding of spatial and temporal variability
needs to be applied in an integrated way. As a start they have shown how
spatial models of erosion processes can be integrated with models of the
patterns of animal use, to help land managers locate the critical areas within
their paddocks where management needs to be focussed. Less progress has been
made with the integration of vegetation responses into these models,
especially for pastures dominated by long -lived perennial chenopod shrubs.
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This paper demonstrates one simple example of how spatial aspects of grazing
impact, where water is the dominant factor affecting livestock distribution,
can be integrated with temporal aspects of vegetation change in the form of
the state - and -transition model. This example is taken from the chenopod
shrublands of South Australia where I have been studying the dynamics of
saltbush (Atriplex vesicaria), a desirable perennial shrub, under sheep
grazing in an established piosphere (>50 years old). It includes different
states and transitions for saltbush shrublands than those suggested by Westoby
et al (1989).

THE SOURCES AND NATURE OF HETEROGENEITY

Spatial Heterogeneity

The diversity of soils in Australia's arid lands together with the effects of
contemporary processes such as erosion and deposition are the main sources of
the high degree of spatial heterogeneity apparent in the zone (Stafford Smith
and Pickup 1990). The result is that most of Australia's arid lands consist
of a mosaic of 'fertile patches' scattered through large expanses of poorer
landscape. These patches are important in determining the location and nature
of vegetation communities.

However, introduced domestic livestock are themselves another source of
spatial heterogeneity. The need of livestock for water, feed and shade as
well as the effect of wind, topography and feed preferences on their behaviour
result in uneven use of the landscape by them (Stafford Smith 1988) . This not
only enhances the natural pattern of landscape processes such as erosion
(Stafford Smith and Pickup 1990), it also imposes an additional pattern on the
vegetation (ie. the piosphere) which is focussed around watering points (Lange
1969). This is particularly pronounced in the chenopod shrublands.

In the piosphere stocking pressure attenuates linearly with distance away from
the water point, creating an almost radial pattern of impact on the vegetation
(Lange 1969, Barker 1979). The major changes to the vegetation involve a
reduction in the density of the long -lived palatable perennial plants as
proximity to water increases with a concomitant increase in less palatable or
shorter -lived plants. Over the long term, the cumulative effects of grazing
result in a sigmoidal pattern of impact as the palatable perennial plants are
completely removed by grazing close to the watering point (Graetz and Ludwig
1978). Under the range succession model these changes have been interpreted
as retrogression along the successional pathway. Hence, removal of grazing
is expected to result in a reversal of these changes in the vegetation.

Temporal Heterogeneity

The main source of temporal heterogeneity in Australia's arid zone is the
unpredictable climate. Short -term fluctuations and episodic events such as
occasional periods of heavy rainfall and long droughts are characteristic of
the arid zone. These episodic events can play an important part in bringing
about major changes to the vegetation, particularly in the long -lived
perennial component (Griffin and Friedel 1985, Friedel et al 1990), and are
thus considered important in inducing transitions between states under the
state - and -transition model.

Short -term climatic fluctuations naturally will cause temporal variability in
factors such as plant growth rates, phenology and physiological states, and
will affect the amount of feed available for livestock. This will ultimately
affect the grazing pressure exerted on the perennial components. As well, the
relative importance of various 'spatial' factors will change with these
fluctuations (eg. wind direction, livestock's need for water and shade etc.),
affecting the distribution of livestock within paddocks (Lange 1985, Stafford
Smith 1988). Thus there is an interaction between the components of spatial
and temporal heterogeneity.
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THE DYNAMICS OF PIOSPHERES

The result of all this variability combined is that even under the normal
practice of set -stocking, there is considerable spatial and temporal variation
in the defoliation of perennial shrubs by livestock. Graetz and Wilson (1984)
have suggested that seasonal variation in the availability of ephemeral fodder
provides an inbuilt 'rotational grazing system' where under set -stocking the
perennial plants are rested from grazing during winter when abundant ephemeral
fodder is available. They imply that this rest period is sufficient for
preferred perennial plants such as saltbush to recover from grazing
experienced during the previous dry summer period.

Spatial heterogeneity can often increase the stability of plant- herbivore
interactions (Coughenour 1991). Herbivores will move to areas of greater feed
abundance so that as an area is grazed down by them it becomes less attractive
to them and they move elsewhere. This would provide the plants with periods
of rest from grazing and perhaps permit recovery. However, in pastoral
ecosystems with set -stocking, this does not occur because movements are
restricted by fences and the location of waters, although during droughts
sheep will walk more quickly through areas of low forage abundance around
waters in order to reach less eaten out areas (Stafford Smith 1988).

Of course in practice, close to the water point grazing pressure is so high
and defoliation so frequent that saltbush plants are eliminated and are
replaced by short -lived ephemeral species. However, it is thought that under
a constant stocking level a balance exists at some distance from water between
grazing impact and the recovery of the plants (Stafford Smith 1988). The
piosphere once established is therefore often thought to be stable with no
further change in its size over time.

It is feasible that in many years a balance could occur between defoliation
and the recovery of the perennial shrubs at some distance from water, with
little apparent degradation resulting. But in a highly variable environment
such as the Australian rangelands, where episodic events and short term
fluctuations in climate are typical, plant growth and herbivore consumption
functions will not be constant so it seems unlikely that a balance would
always exist. Hence piospheres are probably dynamic rather than stable
features of arid grazing systems (Andrew 1988) and at certain times the
grazing rate at a certain distance from water may exceed the recovery of the
vegetation. For example, during droughts (ie. when winter rains fail) the
bushes are unable to recover from the grazing of the previous summer but
grazing also continues to occur. This reduces the vigour of the plants which
may inhibit or reduce flowering, seed production and recruitment and increase
bush mortality causing a reduction in plant density (Hunt 1990). This
degradation will be manifested as an increase in the size of the piosphere
(Warren and Maizels 1977). This can often occur quite rapidly while the
process of recovery is normally much slower (Friedel 1991), particularly if
it involves the recruitment of new individuals. If saltbush plants have been
heavily grazed, at least two consecutive good seasons or episodic heavy
rainfall is required for recruitment to occur. During these periods grazing
of the bushes is reduced sufficiently at a certain distance from water to
allow recovery. This recovery will be seen as a reduction in the size of the
piosphere, demonstrating the dynamic nature of piospheres.

However under set-stocking, recovery is less likely to occur than degradation.
This is because of the slowness of the rehabilitation process, requiring
favourable conditions to be maintained over a longer period than that in which
degradation took place. It seems likely then that rather than a balance
between grazing and recovery of the plant population existing over the long
term, set -stocking causes sudden increases in piosphere size during droughts
which are not reversed at other times. This could continue up to the maximum
distance that the livestock were able to graze from water. This is supported
by one study which showed that a piosphere continued to develop during 45
years of grazing so that almost all the palatable perennial plants were
removed for up to two kilometres from water (Fatchen 1978).
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APPLICATION OF THE STATE -AND -TRANSITION MODEL TO PIOSPHERES

It would appear from the above discussion that 'abnormal' seasons or a series
of them, are critical in terms of both the degradation and recovery of
piospheres. The idea that unusual years are important in degradation and
recovery is consistent with the ideas behind the state - and -transition model,
so it seems possible if not logical, to apply the model to the piosphere (ie.
apply the model spatially thus integrating some aspects of the spatial and
temporal heterogeneity of arid grazing systems). Hence the piosphere can be
considered as a number of roughly concentric zones around a water point in
which the vegetation in each zone is in one of the states possible under the
state - and -transition model. As transitions between states occur these zones
will be seen to move either towards or away from the water point, decreasing
or increasing the size of the piosphere, depending on the requirements for
transition.

This approach should help in the understanding and management of vegetation
change where grazing is an important factor in determining transitions between
vegetation states, such as in overcoming the problem of sudden increases in
piosphere size in the chenopod shrublands under set -stocking.

STATES AND TRANSITIONS IN THE CHENOPOD SHRUBLANDS OF SOUTH AUSTRALIA

Three vegetation states can be identified around water points in the South
Australian chenopod shrublands, where mean annual rainfall is approximately
200 -300 mm and the soils are generally loam to clay -loams. Two of these
states are persistent stable states, while the other is transient. The
catalogue of states and transitions for these shrublands is presented in Box
1. The position of the states around a hypothetical water point and how they
'move' away from the water under set- stocking are shown in Fig. 1. This is
represented in Fig. 2 in terms of the sigmoidal pattern of impact reported by
Graetz and Ludwig (1978).

This state - and -transition model description differs from that of Westoby et
al (1989) for saltbush shrublands on the Riverine Plain of NSW. In their
description the transient state (State II) consisted of a substantial soil
seed bank or seedling population of saltbush but no adults and the vegetation
was dominated by Danthonia caespitosa (a perennial grass) and short -lived
chenopods. This is said to result because when short -lived species provide
the bulk of the feed (ie. normally winter) there is little grazing pressure
on saltbush so presumably flowering and seeding continue unaffected. But once
the short -lived species have been consumed, complete defoliation and death of
saltbush is rapid within grazing range of water, leaving only the soil seed
bank or seedling population. Experience in SA though suggests that
considerable grazing of the saltbush closest to water occurs in many years
reducing plant vigour (but not significantly increasing mortality) and
preventing flowering so that over a number of years the soil seed bank becomes
depleted (transition 1), creating the transient state. Then when significant
mortality of these plants occurs during drought years (transition 2), almost
nothing remains of the saltbush population at these locations (State III).
However, the plants further from water which are normally lightly grazed are
better able to withstand the heavy grazing they experience during drought and
little mortality of these occurs. A further difference is that whereas State
III is considered just as desirable as State I on the Riverine Plain because
it is dominated by useful perennial grasses, in the SA shrublands State III
is dominated by ephemeral species making it much less desirable than State I.
Hence, although the stable states in each description of the model are
basically similar, the transient state and transitions between states are
different. This might arise because the subspecies of saltbush found on the
Riverine Plain may be less tolerant of grazing even though higher rainfall and
different soil characteristics may make the Riverine Plain a more favourable
environment for saltbush. Higher and more reliable rainfall may also produce
more ephemeral forage so that overall, grazing of saltbush on the Riverine
Plain is lower and less frequent.
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******************************************** * * * * * * * * * * * * * * * * * * * * * * * ** * * * * **

Box 1. State -and -transition diagram and catalogues for a bladder saltbush (Atriplex
vesicaria) piosphere in the chenopod shrublands of SA. (after Westoby et al 1989).

I
Saltbush dominant

with seedlings

and seed bank

Catalogue of States

T1
Ñ

H 1 T2 III

Saltbush dominant, : Forbs and grasses

T3 , no seedlings I T4 dominant, no

or seed bank 4 saltbush

State I Saltbush is dominant.
Saltbush seedlings and a soil seed
bank of saltbush are present. A
small proportion of ephemerals and
perennial grasses.

State II Saltbush is dominant but
with reduced vigour and with a mod-
erate contribution of biomass by
ephemerals and /or perennial grasses
depending on seasonal rainfall.
There are neither saltbush seedlings
nor a soil seed bank of saltbush.
This is a transient state.

State III After adequate rainfall
ephemeral forbs and /or perennial
grasses are dominant otherwise the
ground is bare. All saltbushes are
dead and there is no saltbush soil
seed bank. The soil surface crypto-
gamic crust is destroyed and erosion
is accelerated.

In each of these states perennial
chenopods which are more resistant
to grazing (eg. Maireana sedifolia)
may be present.

Catalogue of Transitions

Transition 1 Continued moderate
Fazing of saltbush over 3 -5
average' or dry years without

sufficient rest periods, leading to
a reduction in plant vigour. This
inhibits flowering so there is no
input to the seed bank. Seed bank
becomes depleted through predation
of seeds by ants (Williams 1972
cited by Briese 1982) and decay.
This prevents the appearance of new
seedlings.

Transition 2 Drought together with
continued heavy grazing will kill
most saltbushes with already reduced
vigour. Actual mortality rate will
depend on drought duration. This is
a relatively rapid transition which
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may take as little as one year. It
leads to an increase in piosphere
size.

Transition 3 Protection from graz-
ing and rainfall to stimulate bush
growth, flowering, seed production,
germination and establishment.
Plants in poor condition need consi-
derable time for vigour to increase
sufficiently to be capable of
flowering and setting seed in
significant quantities, so several
good years or rainfall events in
succession are necessary. Con-
sequently this will be a slow
transition which may be delayed by
the infrequent occurrence of suit-
able conditions.

Transition 4 For this to occur in
a reasonable period of time (5
years), it requires the introduction
of saltbush seed by management
(saltbush seed is not very mobile
[Williams 1979] so it is unlikely to
be naturally transported from areas
in State I) and protection from
grazing, together with rainfall for
seedling germination, establishment
and growth. It may also require the
creation of germination sites by
furrowing or pitting of the soil.
The probability of success is low
and the treatments can be expensive.

This transition can occur naturally
over a period of 20 -50 years simply
by protection from grazing. Areas in
State II will respond to protection
from grazing and adequate rains so
that seeds are produced and seed-
lings established. Gradually bushes
will establish closer to the water
as conditions allow, so that the
area in State III slowly contracts
(c.f. Hall et al 1964). However
this will occur too slowly to be of
practical use to management. This
transition leads to a reduction in
piosphere size.



Opportunities and Hazards

Because a dense cover of saltbush
contributes to the stability of
pastoral production and protects the
soil from erosion, State I is highly
desirable. This state also has
conservation value. State III is
the most undesirable, so the
proportion of a paddock in this
state should be kept to a minimum.
State II is thus the critical
condition because while transition

2 is rapid, transition 4 is slow and
difficult to achieve. Transition 2
must be avoided by preventing heavy
grazing in drought. The
opportunities for flowering and
seeding (transition 3) should also
be utilised since it is inevitable
that transition 1 will occur at some
distance from water. Managers
however, may be reluctant to utilise
these opportunities because they
involve the short -term cost of lower
stocking rates.

***************************************************************************

In addition to the vegetation states described above, a further state is
possible on duplex soils, as pointed out by Westoby et al. (1989). Here,
following the removal of the perennial shrubs, erosion can remove the topsoil
leaving a scald devoid of vegetative cover. This is obviously the most
undesirable state.

DISCUSSION

Westoby et al (1989) proposed the state - and -transition model as a useful way
to organise information about vegetation change for management, so it follows
that it should be applied in a way that reflects how domestic livestock
utilise paddocks. Ignoring spatial patterns of vegetation utilisation by
livestock will lead to confusion about what changes are occurring to the
vegetation of a paddock and the reasons for those changes. Management will
need to assess and monitor vegetation condition over complete paddocks but the
focus of attention will need to be on those parts of the paddock which are
favoured by livestock. Decisions based on an assessment at only one or two
points in a paddock or on areas only lightly utilised will not give a true
indication of changes caused by livestock.

To achieve this spatial application in a way that management can use our ideas
about vegetation change will need to be integrated with models which predict
livestock distribution and susceptibility to erosion. This is particularly
important where paddocks are very large and there is more than one focus of
livestock activity (eg. multiple waters and shade locations and several
different vegetation communities within a single paddock). Understanding and
predicting vegetation response to grazing is an important step in preventing
over -grazing, erosion and a loss of production. Of course, our understanding
of vegetation response will include the effect grazing has on plant population
dynamics and associated processes.

Where water point location is the dominant factor affecting livestock
distribution, vegetation changes within the piosphere and the distance of
these changes from water will be the important indicators for management to
monitor. Management decisions will revolve around the possible transitions
between vegetation states and will involve taking the opportunities for
reductions in piosphere size and evading the hazards which may lead to an in-
crease in piosphere size. These decisions will depend on what is considered
an acceptable size for a piosphere.

Researchers will also need to consider spatial heterogeneity when
investigating the causes of vegetation change, particularly under grazing.
Experimental plots will need to be located at a number of distances from water
or alternatively results from small plot regression experiments must be
interpreted in conjunction with measures of stocking intensity across actual
paddocks. Greater effort is also needed in integrating changes in vegetation
with computer models of animal distribution and erosion. Management
recommendations and grazing systems derived from this work then need to be
integrated into the economic framework of the pastoral industry.
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State III

State II

State I ---may

W

(a) (b)
Figure 1.(a) Vegetation states in a hypothetical piosphere, ignoring the
effects of wind etc. (b) The same piosphere showing further degradation,
which may follow many years of continuous stocking. W is the water point.

Saltbush

density

i
i

4State III State II
4

State I

state Iil stebe II
4- 4-

Distance from water

State I

Figure 2.Postulated changes in a piosphere in terms of the logistic response
curve and how the vegetation states in Box 1 relate to this. Solid line and
arrows represent earlier condition while broken ones are after further
degradation.

43



In addition it should be realised that the state - and -transition model will not
necessarily be useful in all rangeland types all of the time. For example,
in the chenopod shrublands sudden reductions in the number of saltbush plants
and the difficulty of getting an increase in numbers, which are important
events for management, are well described by the state - and -transition model.
But in the long -term, removal of grazing will lead to an increase in shrub
numbers, a process better described by the range succession model. This is
because the state - and -transition model is a tool for achieving specific range
management goals and not a theoretical model of vegetation change. However,
to maximise its usefulness where it is relevant to management, it is important
that it be applied in a spatial context.
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ABSTRACT

Erldunda Station has long been known as the centre of rabbit distribution in
the Northern Territory. An estimated 23,000 warrens exist on the 2932km2
Station, 7.8/km2. Patchy distribution of suitable habitat and warrens and
infrequent favourable breeding periods at the northern edge of rabbit
distribution in Australia suggested localised eradication of patches by
ripping and fumigation could be practical and economic. After 4.5 years over
4000 warrens have been ripped on 270 km2 of preferred cattle And rabbit
habitat by Station staff. The costs of ripping were about $250 /km . In 1990
rabbit numbers after three good years were 208 /km2 in untreated areas and
1.1/km2 in treated areas. Drought conditions in 1990 and 1991 with a heat
wave in Japuary 1991 caused rabbit numbers on untreated areas to decline to
about 1 /km , similar to the estimated 2/km2 on treated areas.
Initial success and assessment of the enormousness of the task prompted
development of a cooperative program whose aim was to demonstrate the
feasibility and economic benefits of large scale localised eradication and the
advantages of cooperative effort. A 10 year project coordinated by the CLMA
plAns to eradicate rabbits and monitor costs, success and benefits on a 250
km4 area on adjoining Erldunda, Lyndavale and Mt Ebenezer Stations.
Pastoralists provide equipment and staff, NSCP funds for fuel and labour, anc
NT Government Depts. monitor the program. Baiting and ripping of the 250km
area began in November 1990 and were completed in 15 months. Initial follow
up fumigation was mostly complete by April, 1992. Cost of ripping over 3500
warrens was calculated at $474/km . Administration costs, clearly
identifiable in the larger project, are not normally recognised in small scale
projects. On -going costs will mainly be annual fumigation of active rabbit
warrens by Pastoralists. Baseline vegetation survey of selected sites in
ripped and untreated areas was completed in 1991 and will be repeated
annually. Economic data gained over 10 years will assess cost of increased
production of both vegetation and stock as well as ecological recovery.

Integration of warren ripping with natural or introduced biological control
of rabbit populations should allow long term reduction of rabbits and
regeneration of pasture and habitat in some land systems. Anticipated
biological and genetic controls may be required for land systems where warren
destruction may not be economically possible.

INTRODUCTION

Practicality and economics of ripping warrens to control rabbits is being
assessed on cattle stations at the centre of rabbit distribution in the N.T.
The preferred grazing lands on Erldunda Station in central Australia have been
heavily used by rabbits and cattle since the turn of the century and,
particularly around restricted watering points, perennial grasses are severely
reduced and dominated by unpalatable species. When the Station was purchased
in 1987, the owners decided on several strategies to restore large areas to
higher productivity. These were to reduce the stocking rate, obtain better
dispersal of cattle by increasing the number of watering points, controlling
rabbits and establishing Buffel Grass. In this paper we will look at rabbit
control on Erldunda Station in the regional context of a joint rabbit control
program involving adjacent Lyndavale and Mt. Ebenezer Stations.

Rabbits in the N.T. are at the northern edge of their range in Australia.
They are mainly restricted to calcareous and sandy habitats with a relatively
shallow water table,consequently their distribution is quite patchy. Erldunda
Station in the Southern N.T. is known for high rabbit populations, but even
here the distribution is patchy, related to suitable habitat in the mostly
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open shrubby grassland. Warren frequency in land systems on Erldunda Station
had previously been assessed (Low 1983). Analysis of air photos (1:50 000
colour, 1986) combined with land system evaluation indicated that about 23,000
warrens exist on the 2932 km2 Station, about 7.8 warrens /km2. Warrens are
clumped in favoured sites mainly in Ebenezer, Lindavale, Kalamerta and Amadeus
Land Systems. These Land Systems make up 65% of the Station (Dept. of Primary
Production 1983). The first three sand Systems have the highest carrying
capacity, 2.3, 1.5 and 1.7 beasts /km and also carry the most rabbits, 9.3,
11 and 22.5 warrens/km`, but Amadeus L.S. with its shallow water table and 6.5
warrens /km is important to rabbits for drought survival.

Prospects for control by ripping and fumigation are reasonable in the first
three of these land systems but low in Amadeus L.S. Eradicating rabbits from
the sand dune and flood plain margins of Amadeus L.S. will be difficult and
integration with other techniques such as using European Rabbit Fleas to
spread myxomatosis, poisoning, shooting and fumigation may be necessary until
biological control techniques become available.

Several biological control agents including the Spanish Rabbit Flea for
spreading disease, Viral Haemorrhagic Disease and genetic reproduction
inhibitors are being tested or developed that promise to be useful. However,
it may be several years before they are available. Thus conventional ripping
and fumigation techniques that are currently available and known to be
successful, even if costly, (Wood 1985) were chosen. In the N.T. in addition
to patchy distribution we also have the advantage of irregular rainfall to
assist in long term control.

Between mie -1988 and late 1989 approximately 850 warrens averaging about 22
warrens /km had been ripped in three localised populations on Erldunda.
Control was effective but persistent monitoring of ripped warrens was required
where only part of a patch had been ripped to prevent reinvasion from other
warrens in the patch. Forage growth from destocked areas where rabbits had
been controlled was impressive compared to destocked areas where rabbits had
not been controlled.

The massiveness of the warren ripping project on Erldunda and the anti -cipated
improvement in rangeland quality suggested a large scale ripping program would
allow the Station to realise its goals within a reasonable time frame.
Assistance from government was sought to coordinate a large scale, regional
cooperative effort. Financial and logistic assistance from the N.T. Feral
Animal Committee and N.T. Soil Conservation Advisory Committee permitted
development of a proposal which the newly formed Centralian Land Management
Association used to apply to the National Soil Conservation Program for
financial assistance during the first year of the Federal Government's decade
of land care. The project aimed to demonstrate that rabbits could be
controlled and over a 10 year period it could be economically as well as
ecologically sound. CLMA coordinated the program which involved equal
contribution from pastoralists, NSCP and N.T. Govt. Pastoralists provided
equipment, maintenance, staff, and organisation and NSCP provided funds for
fuel and labour. N.T. Govt. Depts. would provide staff for monitoring rabbit
numbers, vegetation recovery and economic aspects including animal production.
An area of approximately 250km2 at the junction of Erldunda, Lyndavale and Mt.
Ebenezer Stations on calcareous Earth soils in Ebenezer L. S. was chosen for
the demonstration trial.

This report presents results of control of rabbits on Erldunda in two facets:
control by the Station itself and control by the CLMA cooperative
demonstration program (CLMA 1991).

METHODS

Erldunda Station
Warrens were ripped as. opportunity permitted and aimed to rip all warrens in
particular patches. However, the tractor was frequently required for other
jobs on the station and partly ripped patches developed over the Station.
Restricted breeding opportunities reduced the possibility of reinvasion before
a whole patch was treated. Most warrens were ripped with a John Deere 2140
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4 -wheel drive tractor with four 750mm tynes on a "Chris Grow" ripper but some
were ripped with a Kubota M6950 4WD 60 HP tractor or D4 Caterpillar. Warrens
were cross -ripped to 500mm. Special attention was paid to outlying holes
around the warrens. Buffel Grass seed was hand sown over the warren.

At opportune times following ripping, warrens were inspected for open holes
and fumigated with phosphene tablets and closed with dirt or re- ripped if
needed. If rabbits were seen in areas that had been ripped, warrens were
checked as soon as possible. The relatively open nature of the country made
this a useful technique for follow up control.

Costs of ripping and fumigating were kept by logging the time spent and
calculating the cost of operation of the tractor and manpower and materials
using standard costs and depreciation. Inevitably some of the work time was
not recorded. The number of warrens ripped was estimated on the basis of Land
System treated. Consequently, work time is probably under -estimated, but so
too would numbers of warrens ripped be underestimated. The area treated was
calculated from 1:100 000 maps.

CLMA Demonstration Area
The methods were basically the same as on Erldunda Station except that 1080
baiting using two free feeds of oats was done by CCNT Wildlife Section prior
to ripping. Spotlight counts of rabbits were made before and after baiting.
Ripping was done with a minimum of three tractors and bulldozers from the
three properties all ripping to a nominal 500mm. Species composition and
vegetation production (White in CLMA 1991) and accounting for costs and gains
(Cann in CLMA 1991) resulting from the project were monitored by DPIF.
Vegetation mon*toring sites were established in treated and untreated area
in "slightly undulating plains on gravelly red calcareous earths" land unit
3.2 mapped by CCNT Land Conservation Section (Grant and Whittard in CLMA
1991).

RESULTS

Erldunda Station
In 4.5 years about 267km2 have been ripped and fumigated in 14 locations.
Most have been in Ebenezer and Kalamerta L.S.'s, and the total number of
warrens ripped is estimated at 3926 (Table 1) . Cost of pipping and fumigating
these warrens is estimated at $250 /km , including tractor time, labour, travel
time, maintenance and depreciation. Follow -up fumigation has not been costed
as it is done opportunely during short time periods.

Table 1. Area by Land
Erldunda Station between

Land Area
System Treated

System and
1988 and mid

Warrens
Ligi±

estimated number of warrens ripped on
-1992.

number of
warrens

Kalamerta-2 45.2 22.5 1017
Lindavale 11. 11. 121
Ebenezer -1. 177.9 15. 2669(1155 )a
Amadeus 3.3 6.5 21 (5.2)a
Simpson 29.4 3.3 97 (44)a
Singleton 0.7 0.8 1

Total 267.4 3926

Note a Included here is 77km2 carrying 1203 warrens ripped as part of the CLMA
demonstration project. This area is not included in the calculation of costs
for the Station.

Effectiveness of the warren control program is shown by the spotlight counts
of rabbits on the Knob Plain on Erldunda which was ripped in 1988 (Table 2).
Rabbits crashed in January 1991 during hot weather but prior to that had been
increasing steadily over 3 years in areas which had received favourable rains
in the southern N.T. Mt. Cavenagh Station is 80km south of Erldunda and Owen
Springs is 160km north.
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Table 2. Density of Rabbits (no. /km2) with standard error at 4 sites in
southern N.T. 1988 to 1991.

Location 1988 s.e. 1989 s.e. 1990 s.e. 1991
Erldunda

uncontr 97 24 165 39 208 23 1

ripped n.e. 0 9 5 2
Mt. Cavenagh 159 48 427 78 338 64 -
Owen Springs 13 6 36 20 4 1 -

CLMA Demonstration Area
In the 15 month period from November 1990 an estimated 3645 warrens in the
250km' area have been ripped by tractor or bulldozer. All three Stations have
extended the ripped area outwards toward natural boundaries of rabbit
distribution so that well over 4375 warrens in 304km have now been treated.
Intensive spotlight counts by CCNT before and after baiting showed baiting
reduced rabbit numbers by 55 to 85% and ripping further reduced it by 94 to
98 %. Most rabbit baiting on the demonstration site took place after a heat
wave reduced numbers to about a quarter. Com- parison of the counts on
conventipnal transects in the demonstration site showed rabbits at about 15
to 35 /km before theaiting and ripping and 1 to 13 after ripping where they
had been over 200 /km during winter, 1990.

The cost of baiting, ripping and fumigating assessed by DPIF show the cost to
be $474/km2. This cost comprises 1080 $81/km2, Ripping $238, seeding $24,
follow -up monitoring and fumigation $31, sundry management $50 and capital
expenditure $50.

DISCUSSION

The difference in cost for rabbit control on the Station as compared to the
CLMA demonstration reflects the difference in intensity of approach. Station
figures are less accurate but they do not include management and capital
expenditure or baiting cost. The larger and more intense operation of the
CLMA project had extra maintenance costs due to staff turnover with consequent
operator inexperience and less dedication. The CLMA project highlights the
administration cost usually absorbed into normal Station costs. Baiting with
1080 was done by CCNT and the cost of poison and labour was an extra option
of the project. During the first two months of the program baiting was useful
in reducing the high population of rabbits, eg 1956/km to 501/km2 (Berman and
Clarke in CLMA 1991). However the heat wave in early January in a droughted
land reduced the number of rabbits from 1956/km2 in Dec. to 571/km2 in
January. Baiting could have ceased at this stage thus reducing cost by
$80 /km .

Follow-up monitoring and fumigation has been costed in this project at
$31/km2. Long term monitoring of ripped areas may present a real problem for
pastoral properties such as Erldunda due to the large area involved. However,
effective initial ripping minimises the monitoring required (Mutze 1991) and
even if opened warrens are closed only every two or three years control of
rabbits should be maintained.

It is worrying that the natural crash in populations resulted in the same
numbers as the treatment. (Mutze 1991) has shown that rabbit re- invasion is
retarded where warrens have been ripped and it is anticipated that with the
return of good seasons rabbits will remain low in treated areas while they
increase in areas not treated.

Spreading Buffel Grass seed has been costed at $24/km2. Native grasses such
as Desert Blue Grass, Bothriochloa ewartiana, may be useful in clayey red
calcareous Earths on Erldunda (Kube pers. comm. 1990). Re- establishment of a
perennial grass that can take advantage of storms would enhance productivity.

The CLMA project ripped nearly 4000 warrens in 15 mo. compared to the Station
effort where 3900 warrens were ripped over 4.5 years. The quicker control of
rabbits in the CLMA project allows three and a half years earlier recovery for
vegetation and animal production to offset additional costs resulting from the
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larger scal of operation. The increased net benefits may be equivalent to
2 cattle/km' (Foran et al. 1985) or $99/km2 (Cann 1991). The early drought
cost in loss of forage, forced cattle sales and pressure on shrub and
perennial grass species is enormous. Rabbits have kept Acacia kempeana, an
important top feed from regenerating on most of Erldunda. Control of rabbits
to below 2 rabbits /km2 should permit recovery of these shrubby grasslands.
The improved carrying capacity should be used to improve growth rates, reduce
death rates, allow greater flexibility in marketing and reduce handling costs
of cattle.

CONCLUSIONS

The prospects demonstrated by ripping warrens on Erldunda are good.
Additional stresses imposed here at the northern edge of their range are
important in reducing the density within occupied areas or the area occupied.

Economic evaluation of the cost of rabbit control must be looked at over the
long term, 10 to 20 or even 50 years, not the short term unfortunately
dictated by interest rates. The economic benefits of, for example, having
additional forage to carry stock through climatic as well as market droughts
falls in the grey area of economics where analysis is not possible because
long term data are not available (Cann 1991). However control of rabbits
presents an opportunity for increased animal productivity as well for
rehabilitation of lands, vegetation and fauna and we should attempt to take
advantage of the opportunity. Fiscal policies, particularly in this decade
of land care, should provide incentives to invest in our land.

The cooperative approach taken here by the CLMA project permits large areas
to be treated in a short time thus reducing the possibilities of reinvasion.
The possibility of mobile teams of three or four tractors or dozers from
nearby Stations attacking large areas of warrens on particular Stations at
opportune times would require difficult coordination but would likely pay
economic and ecological dividends.
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THE NATURE OF VEGETATION CHANGES IN MANAGED ECOSYSTEMS

R.D.B. Whalley

Botany Department, University of New England, Armidale, NSW 2351

ABSTRACT

Vegetation changes in managed ecosystems are the result of complex
interactions among the manipulations imposed by the manager and the biotic and
abiotic factors of the environment. These factors operate by altering the
fineness of the environmental sieves at different stages in the life cycles
of the constituent species. The factors have been identified in the Jenny
equation and the interactions summarised in a way that can be useful to the
land manager in the State and Transition model. Data are presented
illustrating how these concepts can be applied to the problem of the
maintenance of woodland eucalypts in grazed pastures on the Northern
Tablelands of New South Wales.

INTRODUCTION.

Australian ecosystems are subject to different intensities of human management
ranging from high intensity irrigation agriculture to wilderness areas where
human inputs may be confined to intermittent fire control and the accidental
introduction of feral plants and animals. The model of vegetation dynamics
most commonly accepted by those responsible for land management is Clementsian
succession (Clements 1916). The basic assumption of this model is that,
following a sequence of successional stages, some form of climax vegetation
results which is essentially stable over time unless subjected to disturbance
(Clements 1916; Egler 1954 and many other authors). Disturb the climax and
the vegetation changes to something else but then, if the disturbance is
removed, secondary succession takes place and the community returns to the
stable climax. These assumptions of inherent stability in the absence of
disturbance and the supposed predictability of the successional stages are the
cornerstones of management methods derived from Clements' (1916) original
proposals.

An alternative assumption is that vegetation is the product of a number of
independent variables or factors of the environment. These factors vary with
time and individual species are either advantaged or disadvantaged by the
changes in these factors. Therefore, the species composition of a sample of
vegetation is continually changing over time. These changes would be slow for
vegetation dominated by long lived perennials or faster for communities
dominated by annuals. Because of the inherent inertia of most vegetation, the
actual species composition lags behind that composition which would be stable
for any particular set of environmental factors should they remain constant.
The result is that vegetation is always in a state of flux but the rates of
change depend on the type of vegetation and the magnitude of the changes in
the state factors. Vegetation appears stable if the lifetime of the dominant
species is long in relation to the lifetime of ecologists, as is the case for
many forest communities.

ENVIRONMENTAL FACTORS AND VEGETATION

One of the earliest workers to formalise the relationships among ecosystems
and the independent factors of the environment was Hans Jenny (1961). He
derived a state factor equation which described an ecosystem at a point in
space and time (L) composed of vegetation (v), animals (z) and soils (s) as
a function (f) of the climate (cl), the organisms present (o); the relief (r),
parent material (p), additional factors (a), time (t) and any other factors
not already included (....).

Jenny's equation is : L,v,z,s, = f(cl,o,r,p,a,t....)

Some of the state factors on the right hand side of the equation can be
manipulated by the land manager to produce vegetation of desired structure and
species composition within the limits imposed by the factors which cannot be
manipulated.
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Climate (cl)

This factor includes the average regional climate, the range of microclimates
within a particular study site as well as the specific sequence of rainfall
intensity and temperature experienced by an ecosystem since time to. Specific
weather sequences are perhaps of more interest in the context of this paper
because of their dramatic effects on plant recruitment and plant death (Curtis
1989). As these specific sequences vary from year to year, so the vegetation
component of an ecosystem will also vary, but with the rates and amplitude of
the changes depending on the longevity of the component species.

Organisms (o)

The plant species present include those actually present in the vegetation as
well as those represented by propagules in the soil seed bank and which are
potential components of the vegetation. Other important organisms include
micro -organisms which may be mutualistic or pathogenic, as well as insects and
the vast array of soil fauna. Both wild and domestic animals can have major
impacts on the vegetation and may or may not be under the control of the land
manager. Episodic events involving organisms other than plants can have
dramatic and long lasting effects on the vegetation.

Additional factors (a)

Human activities can have deliberate and /or accidental impacts on vegetation.
These include the use of fire as well as inputs such fertilisers and the
application of herbicides which are designed to produce planned vegetation
changes. Other impacts include soil erosion and mineral losses by leaching
and the removal of agricultural products, and industrial pollutants such as
SO2, oxides of nitrogen and acid rain. These effects may be dramatic or so
slow and subtle that we may be unaware that they are happening.

Time (t)

Time can refer to either the age of the ecosystem which may be the time from
the last catastrophic disturbance or simply from an arbitrarily chosen point
in time (to).

VEGETATION CHANGES OVER TIME

Changes in the species composition of vegetation involve differential
reproductive and /or death rates of the constituent species over time. If the
species composition of a particular patch of vegetation is to remain constant
over a time span exceeding the generation time of the constituent species,
then each individual within the community can only give rise to one offspring.
Of course, this exact replacement never takes place and so vegetation is
inherently unstable, as discussed above.

ENVIRONMENTAL SIEVES

If we have a cohort of say, 10,000 ovules produced at flowering time in a
population of a particular species, then say 10% or only 1,000 of them may be
fertilised to form zygotes. This proportion may vary from season to season
depending on the interaction between the particular species and the
appropriate state factors each year. These state factors therefore operate
as environmental sieves (Harper 1977). If the sieve is fine, then only a small
proportion of the ovules is fertilised and if coarse then a larger proportion.
The factor in this case might be the abundance of pollination vectors.

As the cohort of ovules moves through its life cycle, a whole sequence of
environmental sieves may operate (Fig. 1) which collectively determine how
many ovules are produced in the next generations. The size of the population
of a monocarpic species will obviously fluctuate more from year to year than
that of a polycarpic species. On the other hand, a year in which critical
environmental sieves for a long lived polycarpic species are particularly
coarse might have dramatic and long lasting effects on the vegetation. The
state factors of Jenny (1961) therefore operate on the species composition of
vegetation by altering the coarseness of the environmental sieves on an
individual species basis.
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Figure 1. Life stages of a plant showing some of the environmental sieves
(_ ) between the stages.

STATE AND TRANSITION MODEL

Westoby et al. (1989) described rangeland vegetation as a series of catalogues
of alternative states with transitions between them. A particular set of
state factors (Jenny 1961) must occur in order for a transition to result and,
provided enough is known about the states and transitions, whether such a
transition is likely to occur or not can be predicted. If these changes are
undesirable from the point of view of the land manager, then this particular
set of transitions would represent a management hazard and if desirable, an
opportunity. The art of land management consists of recognising and avoiding
the hazards and taking the opportunities.

WOODLANDS AND GRASSLANDS

The last 160 years of grazing on the Northern Tablelands has seen extensive
clearing of the original grassy forests and grassy woodlands with the aim of
producing eucalypt woodlands with varying tree densities suitable for sheep
and cattle grazing. Unfortunately, there have been episodic occurrences of
abnormally extensive debilitation and death of the eucalypts (dieback) at
least since the late 1850s. The latest episode during the 1970s was by far
the worst on record, affecting more species and a much larger area than any
previously recorded outbreaks (Nadolny 1984).

Flowering of eucalypts commences with the formation of tiny inflorescence buds
in the axils of young leaves. Shedding of the two bracts covering the
inflorescence buds reveals a tiny cluster of pin buds which slowly develop
into flower buds borne on a single stalk in clusters of 3 -11 or more,
depending on the species. After flowering, the young capsules develop slowly
with wide differences in the rate of development among different species.
Mature fruit remain on the trees of some species for relatively long periods
of time and the capsules slowly open and shed the seed or simply fall from the
tree (Curtis 1989).

The length of time from inflorescence bud formation to the completion of seed
fall of a cohort of fruits varies widely among species being of the order of
three and a half years for Eucalyptus blakelyi and five and half years for
E. caliginosa. During this time, a cohort of ovules formed at flowering is
subject to a number of environmental sieves. Stress on the trees at any time
can cause the complete loss of several cohorts of ovules. The percentage of
trees bearing flowers or fruits and the size of the crop is strongly
associated with the health of the trees (Nadolny 1984).

53



Seedlings appear in the late spring or early summer and the number of
seedlings is strongly associated with:-

(1) the size of the seed crop

(2) the herbaceous cover under or near the parent trees

(3) the spring and summer rainfall

Most eucalypt species have a transient soil seed bank in that seeds rarely
survive for more than a year following seed fall (Curtis 1989). The major
storage of propagules is in the form of suppressed seedlings beneath the
trees. These seedlings may survive for over 20 years before being released
by the death of the trees above. Suppressed seedlings can also survive for
relatively long periods in some grazing land until released by appropriate
environmental conditions. Released seedlings usually grow quite rapidly in
the absence of further stresses (Curtis 1989).

Two states and a transition can therefore be recognised for woodlands and
grasslands on the Northern Tablelands (Fig. 2). State 1 consists of woodland
with an adequate population of suppressed seedlings below and between the
mature trees. Such a state is relatively stable because if the adult trees
die for any reason (e.g. dieback) then they will be replaced from the
suppressed seedling population.

Should the suppressed seedlings be eliminated, then the vegetation is in a
transition (Fig. 2). The elimination of the suppressed seedlings may result
from cultivation or from heavy grazing associated with heavy superphosphate
applications over many years. The factors affecting the death of suppressed
seedlings require further study.

While the adult trees remain healthy, appropriate manipulation during years
when weather sequences provide opportunities for regeneration can perhaps
return the vegetation to State 1. These conditions are the existence of a
heavy seed crop at the end of winter followed by above average spring and
summer rainfall. Under these conditions, the herbaceous cover beneath the
trees must be reduced by heavy grazing or herbicide aplications to reduce the
fineness of the environmental sieves associated with seed germination,
seedling establishment and seedling survival (Curtis 1989).

STATE 1 TRANSITION STATE 2
WOODLAND STATES GRASSLAND

Trees
no

Seedlings
Trees No Trees
plus or

Seedlings Seedlings Seedlings
no

Trees

Figure 2. Woodland and grassland states with two intermediate transition
states.
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If the adult trees in the transition state (Fig. 2) die for any reason then
the vegetation is inevitably converted to the undesirable treeless grassland
of State 2 (Fig. 2). Return to State 1 is now very difficult because woodland
eucalypts lack a soil seed bank (Curtis 1989). The transition state therefore
represents a management hazard in that it may suddenly change to grassland,
and the land manager can do nothing about it. A return to State 1 must
involve artificial seeding or planting of established seedlings (Curtis 1989).

REFERENCES

Clements, F.E. 1916. Plant succession. Carnegie Institute, Washington. Publ.
242. 512pp.

Curtis, D.J. 1989. Eucalypt re- establishment on the Northern Tablelands of
New South Wales. M.Sc. Thesis. Univ. of New England, Armidale.

Egler, F.E. 1954. Vegetation science concepts. 1. Initial floristic
composition - a factor in old field vegetation development.
Vegetatio. 4:412 -417.

Harper, J.L. 1977. Plant Population Biology. Academic Press. London. 892 pp.

Jenny, H. 1961. Derivation of state factor equations of soils and ecosystems.
Soil. Sci. Soc. Amer. Proc. 25:395 -388.

Nadolny, C. 1984. Eucalypt dieback on the Northern Tablelands of NSW. M.Sc.
Thesis Univ. of New England, Armidale.

Westoby, M., Walker, B. and Noy -Meir, I. 1989. Opportunistic management for
rangelands not at equilibrium. J. Range. Mgmt. 42:266 -274.

55



CHANGES IN THE PASTORAL /CROPPING ZONE

R.J. French

37 Kintyre Rd, Woodforde, SA 5072

ABSTRACT

A history of cropping at the margins between arable and pastoral lands is
examined. Assessment is made of the climatic factors that caused an
abandonment of cropping. These criteria are then used to assess the
likelihood of future cropping persisting along the pastoral margins in
different states of Australia. A minimum requirement is that the ratio of
water use to evaporation in the growing season should exceed 0.3.

An analysis of past climatic data should also be made to identify sequence of
years when rainfall was both above and below average. Periods of above
average rainfall can lead to undue optimism for future cropping.

Simple climatic models are required so that farmers can use them to predict
the rainfall in the growing season and thereby make appropriate management
decisions.

Farming is a complex technical and financial business and farmers will need
skills in monitoring, measuring and recording factors that influence this
likelihood.

INTRODUCTION

Changes are occurring in many of our agricultural systems as a result of
economic, political and social pressures. On livestock farms in low rainfall
country, many landholders are in financial difficulty due to low returns from
wool and meat, higher fuel and transport costs, and variable climate. In some
areas, the problem has been increased due to land degradation, woody weeds,
inadequate water supply and large numbers of native and feral animals. As a
result , many farmers are now looking for alternative ways of generating a
cash flow and maintaining their livelihood.

One of the options being considered is to grow crops in a mixed farming system
with livestock. However, in spite of a lot of scientific research at the
boundary of the pastoral- cropping zone, landholders have difficulty in
deciding which technology is most likely to increase productivity in their
climate and soils.

What then are the possibilities of integrating cropping and grazing within the
biology and resources of the marginal lands and thereby maintaining an
ecological and economic system? What can we learn from the past?

HISTORY OF CROPPING AT THE MARGINS

A good example of pressures and changes at the margins can be obtained from
a review of the factors associated with the establishment of Goyder's Line in
the Upper North of South Australia (Meinig 1962).

Following the settlement of the colony in 1836, agriculture extended
northwards to provide the food resources. However, during the early 1860's,
a four -year drought decimated the wheat crops. In 1865 Goyder, the Surveyor
General, travelled the countryside and established a line beyond which arable
cropping should not be permitted.

But farmers continued to grow wheat beyond the line and wheat yields
increased, over the next 25 years. We now know with hindsight that the
rainfall in most years was above the long -term average. A common belief at
the time was that "the rain follows the plough ".

In the 1890's however, the rainfall declined and yields collapsed and the
first retreat from farming began in 1896. Cropping however continued in areas
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closer to Goyder's Line due mainly to a favourable run of seasons from 1902
to 1926. However, rainfall then fell below average for many years and in 1936
the second retreat from the margins of wheat growing commenced. This led to
the abandonment of many farms.

The trends in the rainfall patterns from the 1860's to the present can be seen
in Figure 1 which shows the cumulative sum of the difference between each
year's rainfall and the long term average rainfall. It serves to emphasise
that 25 years of rainfall data are inadequate to assess the potential for
providing a sustainable farming system over the long term.

While today there are some small areas north of the line which have a
favourable climate and soils for worthwhile cropping in general, Goyder's Line
is still relevant for defining the limits of cropping in most of the cereal
districts in South Australia.

CRITERIA FOR CROPPING

From this farming history, we can assess some of the climatic factors that
limit cropping in the marginal areas. A comparison of the average rainfall
and evaporation for three sites along the margin are given in Table 1. (See
page 64).

At Minnipa in the winter season, crops are grown in a dryland farming system
in conjunction with sown pastures for livestock. Cereal yields in the
district range over the years from an average of 0.3 -1.7 t /ha. At Hawker, the
land is mostly used for grazing with some cropping in a few favoured areas in
the district, while at Yunta, the only land use now is grazing. At all three
sites, the rainfall is insufficient to grow any summer crops.

The rainfall /evaporation ratio for winter along most of Goyder's Line is 0.22.
The data in Table 1 indicates that cropping is unlikely to be economic unless
the rainfall (or water use, where moisture can be stored in the subsoil prior
to sowing) is equal to at least 0.3 of the evaporation in the growing season.

MEASURE OF RAINFALL VARIABILITY

While average climatic values give a preliminary assessment of the likely
yields of crops in a region, it is vital to have a record of the past
variability of these factors from year to year. While temperature and
evaporation vary somewhat, the biggest impact on crop yields is the variation
in growing season rainfall. This can be defined by the rainfall decile
values.

Table 2 shows the decile values for individual months of the year, the whole
year and for combinations of months during the growing season for Minnipa in
South Australia. (See Page 65).

Decile 1 means that one year in 10 the rainfall will be less than the amount
shown in the column. Decile 5, which is an approximation of the average
rainfall, means that five years in 10 the rainfall will be less than the
amount shown. Decile 9 means that nine years in 10, the rainfall will be less
than the amount shown, or conversely, one year in 10, the rainfall will be
higher than the amount shown.

The lower part of the table enables an estimate to be made of the way the
season is developing. To the accumulated rainfall for different months, the
decile 9, 5 and 1 rainfall data for the remaining months in the growing season
are added separately and the values plotted to produce a trend of probability.
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COMPARISON OF CLIMATIC VALUES IN OTHER STATES

The assessment of the probability of cropping along the marginal lands
boundary in South Australia can be used to examine the situation in other
States. Appendix I, (See Page 72), lists the average monthly values for
rainfall, evaporation and average daily temperatures in each month for a
number of sites in other States. A summary of the winter and summer growing
season rainfall and evaporation is given in Table 3. (See Page 64).

Evidence of climatic changes at these sites can be gained by calculating the
cumulative sum of the annual differences, as was done for the graph in Figure
1. For both Roma and Walgett, the data show a below - average trend from 1900
to the 1940's and then an above -average trend until today. For Southern Cross
in Western Australia, the data show a below- average trend from 1896 -1914, then
above - average to 1935, then below- average 1957 and above - average since then.
The prospects of growing different crops and pastures economically at the
various sites can be assessed by relating their climatic factors to the values
for high and low yields listed in Table 4. (See Page 67).

ASSESSMENT OF YIELD

Winter Crops

Data from the previous tables show that the ideal ratio of water
use/ evaporation for a high wheat yield should be about 0.8 from sowing to
anthesis (flowering) and 0.3 from anthesis to harvest. This gives a total
growing season ratio of about 0.5 which can produce about 10 kg /ha of grain
per millimetre of total water use. By contrast, a growing season ratio of 0.3
produces about 1 tonne per hectare of grain equivalent to 4.5 kg /ha per
millimetre of water use. These figures emphasise the importance of the amount
of growing season rainfall to produce economic crops or failing that, the need
to store additional water in the subsoil prior to sowing crops in marginal
land.

Data in Table 4 also shows the water use /evaporation ratios for producing high
and low yields of lupins and annual legume pastures. In the past, short -term
optimism following several years of about average rainfall has led to cropping
in the marginal areas. However, it is important to show the limits to
cropping from different locations across the countryside. A study from Dalby,
through Roma to Charleville (Hammer et al. 1984) has shown the decreasing
yields and increasing variability as one proceeds further west (Table 5). (See
Page 68).

In a similar assessment, Fawcett (1967) defined the limit for wheat cropping
in country west of Narrabri to be 230mm of rainfall from May to October.

Cropping has also been carried out in recent years in the country between
Wentworth and Pooncarie in southern New South Wales (Noble et al. 1984). The
average ratio of rainfall to evaporation for Pooncarie during the winter
months is a low 0.19. Hence cropping is largely opportunistic and is only
likely to be profitable in those years where pre- sowing rains stores 50mm or
more in the subsoil.

Summer Crops
The possibility of growing crops in the summer time can be assessed in a
similar way; but the chances of success are only likely in the northern
marginal lands where the water use, evaporation ratio reaches 0.4 to 0.5 in
the growing season. Higher values are usually required in the first half of
the growing season.

Calculations therefore have to made of the probability of getting sufficient
rainfall to reach these ratios,and also to what extent moisture stored in the
soil before sowing or alternatively irrigation, will be needed to produce
economic yields. These procedures are particularly necessary to ensure
satisfactory yields of maize and grain sorghum, both of which are drought
prone.
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An option open to a few companies and landholders is to sow crops on ancient
lakebeds which can either be irrigated throughout the year or on lakes which
receive an occasional flooding from a high river.

In these areas, rainfall is usually low and evaporation high and the amount
of water needed on the irrigated lakebeds reaches as high as 800mm for a
summer crop such as sorghum or cotton, and up to 250mm for a winter cereal.
In those lake beds which receive only an occasional flooding, various crops
can be sown around the edges as the water level retreats. This can provide
opportunities for both winter and summer crops and pastures.

Crops and Pasture Phenology

Crop phenology provides a calendar which identifies the climatic factors
influencing the phasic development of plants from seedling through to harvest.
Various scientific measurements have identified the factors that dominate the
rate of development. They include photoperiod, maximum temperatures,
sometimes minus a threshold temperature and mean temperature. Accumulated
day- degrees from sowing and the date of onset of a specific temperature can
influence vernalisation, flower initiation, anthesis and physiological
maturity (Angus et al. 1980/81). Delays in time of sowing can alter the rate
of crop development and the amount of growth and yield.

An approximate guide to the development of crops is given in Table 6 and these
data can be used to assess the optimum time of sowing, flowering, length of
growing season and yield as different sites, as for example those listed in
the Appendix. (See Page 68).

Climatic Models

Over the last 30 years or so, many computer -based scientific models have been
developed to help understand the effect of climatic factors on the biological
processes and plant growth, and thereby devise a formula for making better
decisions in agricultural systems.

A brief sample of the many published papers on this subject is as follows: -
Greacen and Hignett (1976); Fischer (1979); O'Leary et al. (1985); Nix (1985);
Hamblin et al. (1987); Rimmington et al. (1987); Saxton et al. (1992). The
inputs into the models vary somewhat but usually include some of the critical
factors such as rainfall, evaporation, temperature, hours of sunshine, net
radiation, wind speed and humidity.

These models provide a good understanding of the science of plant growth and
are often used to assess the historical trends in agriculture. However they
do have limitations for on -farm predictions because of the technical equipment
and the frequency of the measurements needed, sometimes daily or weekly, to
run the modelling. There is a need for these models to be tested at field
experimental sites with basic farm data, so that the results can be readily
simplified and converted to farmer's decision making programs.

Soils

The other basic factor in assessing the potential productivity of a land
system is the nature and quality of the soil. The important properties are
those which enhance root development and growth. They include the organic
matter content and structure of the topsoil, the soil depth to which roots can
grow, the water holding capacity, nutrient status, pH, degree of salinity and
the presence of toxic elements such as boron and aluminium.

The importance of soils that can store water prior to seeding has already been
mentioned and in particular, soils with high amounts of available water are
needed to assure the successful growth of sorghum and sunflower (Russell
1988). The water holding capacity of different soils is given in Table 7. (See
Page 68).

Variations in soil types and hence water holding capacity occur on most farms.
In low rainfall areas, sandy soils and heavy clay soils are not favoured for

59



cropping because of the low water holdign capacity of sands and the large
amount of water needed to overcome the wilting point in the clays.

Hence, it is important to have a farm plan carried out on the property
identifying the areas of high water holding capacity and the potential for
root growth. Other areas should be set aside from cropping.

Agronomic Practices

An efficient management program aims to integrate many factors in order to
enhance the growth of crops and pastures. In general, arable systems are more
demanding than livestock systems. Basically the aim in cropping is to use the
rain where it falls, thereby preventing runoff and erosion, reduce the loss
of rain by evaporation and increase the production per millimetre of water
transpired by the plant.

The following factors are critical and need to be given special consideration.

(i) Tillage methods: the old basic fallow methods of cultivation are
destructive and need to be replaced by minimum tillage and direct
drilling. Stubble mulching can also reduce erosion problems but may
affect seeding and cause disease problems in some cases.

(ii) Time of sowing: best yields occur when the crop develops and completes
flowering before the date of the critical temperature given in Table
6. Early seeding gives early leaves and these help to reduce the
normal 40% loss of rainfall by evaporation (Hamblin et al. 1987).

(iii) Nutrient supply: the most efficient growth occurs when all nutrients
are present and in the right balance for the particular plant. The
production of any food causes an outflow of nutrients from the paddock
and these have to be replaced eventually. In many soils in the
marginal areas, the nutrient supply is limited and only occurs in the
topsoil. The amount of nutrients removed in every tonne of grain from
several crops and in a tonne of medic hay is given in Table 8. (See
Page 69).

The figures given in this table show the amounts removed in the grain.
Extra amounts of each nutrient are needed in the stubble associated
with each tonne of grain. Thus for wheat, the nitrogen and phosphorus
in the grain represents about 70% of the total amount needed, sulphur
and zinc 45 %, magnesium, copper and manganese 35 %, potassium 20% and
calcium 10 %. Burning the stubble therefore will also cause a loss of
nutrients, particularly nitrogen and sulphur.

(iv) Control of weeds and root diseases: a variety of exotic weeds such as
heliotrope, onion weed, horehound and nitre bush are common in
marginal areas and can severely reduce crop yields (Noble et al.
1984). As well, some grasses can carry root diseases from pasture
paddocks into the following crop, reducing yield.

(v) Control of native and feral animals and birds: cropping near pastoral
areas can attract a whole range of predators. Included are kangaroos,
emus, goats, rabbits and feral pigs (in New South Wales) and wild
donkeys and camels (in Western Australia). A variety of birds
including galahs, cockatiels and crows also cause problems.

In addition to the above issues cropping will require an investment in
a range of machinery to undertake land preparation, seeding, spraying
for control of weeds and diseases and for harvesting.
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INTERACTION OF CROPPING WITH LIVESTOCK

With the allocation of land for cropping, changes will be necessary in the
livestock management. Cropping competes in area with livestock.

As a consequence, overgrazing will occur in dry years, and stock numbers may
have to be reduced by up to 40% to manage the reduction in available forage
and the probability of accelerating erosion.

Problems can also occur around watering points due to competition from native
and feral animals seeking grain from the crops. Extra fencing may be
necessary to protect both watering points and crop.

In general, livestock grazing requires less input into land management. The
main problem is to relate food demands of the animals over the whole year to
the reduced months of pasture growth. Long periods of feed shortage can lead
to extensive land degradation.

If the cropping program is successful then some of the land should be sown to
grain and forage crops which can be harvested and stored in silos on land
which could be used as feedlot.

MANAGEMENT PLAN FOR MARGINAL FARMING IN THE FUTURE

The concept of having multiple uses of rangeland presents a big challenge if
we are to preserve the landscape for future generations. The approach will
require a new vision and perspective based on past climatic trends, possible
climate changes due to the greenhouse effect and detailed surveys of land
inventories to select the best soils for cropping and to monitor changes in
soil properties that could lead to land degradation.

Simple Growth Simulation Models

In the first place, scientific crop simulation models and land surveys can
provide government authorities and landholders with a general perception of
the suitability of an area for cropping. The climatic models should also
evaluate the possible effect arising from global warming. In some areas, the
effect could compound existing problems. The current predictions suggest a
2 °C warming with 30% or more rain in the summer and 20% less rain in winter.
These changes could affect the time of sowing, the length of the growing
season, the incidence of weeds and diseases and the yield.

To help farmers monitor climatic effects and production on their properties,
simpler models are needed relative to current growing season so that the
models' predictions can be more readily used for making better decisions on
crop and pasture growth. Two examples are given in Fig. 2. (See Page 71).

In part (a), a rainfall decile trend graph, which is updated every month,
shows the cumulative monthly rainfall and the prospects for the season, based
on plotting deciles 9,5 and 1 for the rest of the growing season. Usually by
mid -season, an estimate can be made of whether the growing season will be
above- or below- average. This enables decisions to be made on late sowing,
additional fertilizer applications, pasture growth and adjustments to stock
numbers.

In part (b), a picture is also obtained of the monthly growth patterns from
the relationship between evaporation and rainfall. The evaporation is a
measure of the sunlight energy and the stress imposed on the water supply.
The line "0.2 x evaporation" is an estimate of the amount of rainfall that is
lost by evaporation and therefore not available to the plant. For germination
to occur, the water supply should exceed 0.3 by evaporation; where the
rainfall exceeds the evaporation in any month waterlogging can occur; and
growth ceases at 0.2 x evaporation.
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Monitoring Programs

In addition to the assessment of the climate, regular monitoring programs will
be required for each paddock to record time of seeding, crop development
stages, particularly the time of flowering and the date and maximum
temperature, the incidence of weeds and pests, the yield, the nutrients
removed in the farm products and the incidence of land degradation. Other
factors that need to be recorded include fuel and machinery costs, the
effectiveness of herbicides and pesticides and the gross margins for each
paddock and the cropping and livestock enterprises.

Re- establishing Pastoral Vegetation

Consideration should also be given as to what procedures will be necessary to
re- establish pastoral vegetation on areas that do not produce an economic
return from cropping.

Significant areas of degraded land have been re- established with perennial
native bushes in 220 -280 mm annual rainfall country in the northeast of South
Australia beyond Goyder's Line. The seed was collected from existing bushes
and sown into contour furrows (French and Potter 1975). The most successful
establishment of bladder saltbush (Atriplex vesicaria) and black bluebush
(Maireana pyramidata) occurred when more than 25 mm of rain fell in each of
the months (June -August) when daily maximum temperatures were about 15 °C and
daily evaporation less than 4 mm per day.

More recently, oldman saltbush ( Atriplex nummularia) has been successfully
established by deep ripping rows 3 meters apart and planting seedlings several
months later (Condon and Sippel 1992). Their results show that grazing these
bushes provided a better gross margin per hectare than most pasture forage or
grain crops for equivalent rainfall.

New Technologies

A key factor in assessing land management is the need to present an overview
of the effects of cropping or grazing. A very positive way of doing this is
by using aerial photography. Some farmers are already taking either colour
or infra -red photos from light aircraft and reviewing the impact of their
management on plant growth and soil stability. Photos are also available from
satellite programs.

Looking ahead, one has to question whether more drought resistant productive
crops and pastures cannot be developed through genetic engineering. In most
plants, however, there is a complex of genes involved in the metabolic
processes. If a new gene is introduced into the existing complex, it is
uncertain as to whether it will settle within the chromosome. It may also
affect the efficiency of another growth process.

There is therefore no quick fix and while successes have been achieved in the
past and will continue to do so, several years of testing of a new plant are
still required under field conditions to prove its worth.

Recording the Success of Operations

When assessing the effectiveness of new varieties, cropping systems and
livestock management, there is a need for a set of indicators to measure the
degree of success. These indicators should include the expression of the crop
yield as a percentage of the potential yield for the rainfall, the soil types
and the levels of organic matter and nutrients necessary to sustain
production, and the economic returns per hectare for each farming system and
paddock.

To do this successfully will require a comprehensive recording system showing
the inputs, costs, prices and yields for each season. It is also necessary
to have some simple climatic growth model which can help predict the best
decisions for the current season.
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Overall, the imediate future is going to become a decade of numeracy. This
will mean that many landholders may have to undergo an educational training
program in the use of computers. Farming today is a complex climatic,
biological, technical and financial business. It will involve monitoring,
measuring and recording data to help make the best management decisions.
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TABLE 1: Comparison of the average rainfall and evaporation during winter and
summer for three sites near the margins of wheat growing in South Australia.

SITE WINTER (April -Oct) SUMMER (Nov- March)

Rain Evap" Ratio Rain Evap" Ratio
(mm) (mm) (mm) (mm)

Minnipa
Hawker
Yunta

TABLE 3. Summary
of the average
rainfall and
evaporation
during winter
and summer at
sites near the
cropping and
pastoral zone in
different
States.

Western
Australia

Merredin

Southern Cross

New South Wales

Pooncarie

Trangie

Cobar

Moree

Walgett

Queensland

Dalby

Roma

Charleville

260 860 0.30 88 1480 0.06
210 970 0.22 96 1630 0.06
136 930 0.15 93 1660 0.06

Winter

Rain
(mm)

Evap"
(mm)

(April -October)

Ratio

Summer

Rain
(mm)

(Nov -

Evap"
(mm)

March)

Ratio

238 810 0.29 74 1660 0.04

199 955 0.21 81 1645 0.05

160 860 0.19 101 1505 0.07

Winter (May -Oct) Summer (Nov- April)

215 585 0.36 278 1415 0.20

182 720 0.25 229 1700 0.13

236 655 0.36 336 1400 0.24

204 700 0.29 276 1500 0.18

244 650 0.38 430 1130 0.38

222 670 0.33 380 1240 0.31

163 795 0.21 335 1555 0.22
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Table 4: A Rain Water Use Evap" Ratio- Dry
comparison of the (mm) (mm) (mm) W.U. matter
relationship Evap" kg /ha

between climatic
factors and the
yields of wheat,
lupins and sown
annual legume
pasture.

Wheat

(a) High yield

Grain

Sowing -tillering 111 93 128 0.72 770

Tillering -anthesis 117 185 229 0.81 7990

Anthesis -soft 30
dough

81 160 0.51 2730

Soft dough -harvest 34 32 223 0.14 -330

292

(b) Low yield

391 740 0.53 11160 3900

Sowing -tillering 83 73 183 0.40 520

Tillering -anthesis 42 93 232 0.40 2330

Anthesis -soft 21
dough

49 178 0.28 1350

Soft dough- harvest 7 21 195 0.11 -300

153 236 788 0.30 3900 1060

Lupins

(a) High Yield

Sowing -anthesis 251 230 270 0.85 4210

Anthesis- harvest 119 250 360 0.69 6950

370

(b) Low yield

480 630 0.76 11160 3260

Sowing -anthesis 140 210 250 0.75 2570

Anthesis- harvest 16 76 385 0.20 1800

156 286 635 0.45 4370 1580

Annual Legume
Pasture

(a) High Yield 220 214 288 0.74 6160

(b) Low Yield 110 91 354 0.26 1560
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Table 5: The
variability of
rainfall and
wheat yield
across southern
Queensland.

Site

Dalby

Roma

Ratio - Av.-Yield< Coefficient Probability
Rainfall 1961 -81 of of
Evapn t/ha Variation growing

1.5t /ha

0.38

0.33

Charleville 0.21
After Hammer et al. (1984)

Table 6: Accumulated
daily maximum air
temperatures during
the development of
different crops, and
the optimum
temperature for the
flowering stage

Lupins

Barley

Wheat

Safflower

Sunflower

Soybeans
(indeterminate)

Annual legume
pasture (early
variety)

Table 7: The water
holding capacities
in a range of soils
measured as moisture
(mm) per 30 cm soil.

Soil

Sand

Loam

Clay Loam

Cracking Clay

1.93 41 60

1.39 56 35

0.89 65 25

Accumulated day- degrees
of maximum temp. ( °C)

Sowing to
Start End

of Flowering

1600

1800

1900

3200

1600

1600

2400

2000

2200

3700

2400

2600

1600 2700

Field Capacity Wilting Point

( %)

Optimum
average

weekly max.
temp.

for flowering

20

23

23

23

28

32

20

Available
to Plants

25 15 10

75 40 35

110 55 55

140 80 60
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Table 8: The average amount of nutrients removed at harvest in a tonne of
grain from different crops and from a tonne of hay

NUTRIENTS

(kg) (g)

Wheat 23 3.0 5 2 0.4 1.3 7 16 40

Lupins 57 4.5 10 4 2.5 2.7 8 32 16

Sunflower 26 4.1 8 4 2.0 2.5 10 25 15

Medic Hay 30 3.0 25 2 9.0 3.7 8 20 15
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SOIL DEGRADATION UNDER CROPPING IN THE RANGELANDS

A.M. Bowman

N.S.W. Agriculture, PO Box 24, Walgett, NSW, 2832

ABSTRACT

On the self -mulching clay soils of north western New South Wales, wheat
cultivation has expanded into areas previously regarded as too dry for crop
production. The current wheat system involves continuous cultivation and is
not sustainable in the long -term. Physical and chemical degradation of soil
under wheat production has been monitored in this environment. This
degradation is of concern as more of the "rangelands" become exploited as
marginal cropping lands.

INTRODUCTION

"The rangelands" have in the past been by definition grazed or ungrazed
vegetation communities. A "rangeland" was not cultivated or cropped. However
this definition is undergoing change. Within New South Wales and Queensland
there is rangeland country, both freehold and government- controlled land,
which can be cleared and cropped. Pastoralists are turning to cropping as a
means of generating cash flow and, in some cases, to improve the value and /or
the carrying capacity of their land (Fig. 1).

200

150

100

50

o
1950 1955 1970 1975 1980 1985 1990

Figure 1: Area of wheat cultivation (ha *1000) for the Walgett Shire from
1960 to 1991.

The major factor affecting cropping in these regions is moisture availability.
Rainfall is extremely variable. For example, the area of north -western New
South Wales described in this paper, has an average annual rainfall at
Walgett, centrally placed in the region, of 470mm per annum. This decreases
westwards and is 60% summer dominant. The variability of rainfall dominates
the reliability of wheat production and there are a number of years where
crops may not be sown or, if sown, do not yield (Fig. 2).
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Figure 2: Mean grain yield (t /ha) for the Walgett Shire from 1960 to 1991.

The rapid expansion of wheat cropping into these low rainfall areas of
Australia in the last few decades has been of concern to farmers, government
agencies and the community as a whole. Cropping has expanded into areas
previously considered too dry for crop production. Community bodies in
Australia have become aware of the importance of soil conservation and the
difficulties of preserving soils in these marginal environments. The problems
that have been faced by this type of exploitive farming system on the Canadian
prairies and the Great Plains of the United States are documented. As there,
the expansion of dryland farming in the Australian rangelands has preceded the
development of a stable farming system.

In the rangelands of north western New South Wales, the wheat farming system
that has developed consists of a continuous monoculture of wheat. It does not
include the use of fallowing, rotation with grain legumes or pasture, or the
use of fertilisers, and is not sustainable in the long term. This system has
already led to serious soil degradation problems (Chan et al., 1988). These
in turn have led to a decline in grain yield and protein. This decline in soil
chemical and physical fertility was an inevitable consequence of the system.
Soil examinations carried out in the Walgett Shire have proven the fundamental
assumption: the existing cropping system is degrading the soil resource.

In this region, the increase in the cropping area has also meant increasing
pressure being placed on the remaining pasture lands to maintain stock
numbers. This increase in grazing pressure in combination, with a number of
years of autumn rainfall rather than summer- dominant rainfall, has led to a
decrease in the perennial grass component of these rangelands, and an increase
in the annual component. There has been an invasion of annual species such as
barley grass (Hordeum sp.), wild rape and turnip (Brassica sp.) and annual
phalaris (Phalaris paradoxa). This means that while there is a bulk of feed
from these species in autumn, winter and spring, there is virtually only burr
from the naturalised medics ( Medicago polymorpha, Medicago minima and Medicago
laciniata) and some vine weeds, such as yellow vine (Caltrop sp. ) and cow vine
(Ipomoea lonchophylla) available for stock in summer. Hence carrying capacity
of the land fluctuates rapidly, self- induced summer droughts are common, and
there is no stability within the grazing system.
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This wheat farming area in north -western New South Wales is situated on the
heavy, self -mulching (Grant and Blackmore, 1991), grey clay soils of the river
flood plains. These soils are inherently fertile with naturally high levels
of nitrogen and phosphorus (around 30 ppm), and a pH of 7 and higher. In the
past these areas have been natural grassland communities, with Mitchell grass
(Astrebla sp) and Queensland Bluegrass (Dichanthium sericeum) associations in
the north, and windmill grass (Choris sp) communities in the south. Because
much of these areas were naturally treeless, it has been economic to clear and
cultivate them. The Shire of Walgett, which has wheat production situated on
this landtype, produces between 95,000 and 200,000 tonnes of wheat a year
(Figure 1). Traditionally this wheat has had a high protein content. However
the combination of soil physical degradation, soil nutrient decline and weed
and disease build -up has seen a decline in both grain yield and protein.

RESULTS OF SOIL EXAMINATIONS AT WALGETT

Self- mulching soils under continuous cropping near Walgett were monitored for
soil changes, and compared with natural pasture soils that had never been
cropped.

Examining soil chemical fertility demonstrated substantial declines in organic
carbon in cultivated soils when compared with adjacent natural pasture soils.
The largest differences were found in the 0 to 0.1 metre layer. Organic carbon
levels of cultivated soils were only 58 -67% of the corresponding pasture
soils. The results suggest that most of this loss occurred in the first six
to eight years of cultivation. However there can be substantial declines in
organic carbon after just one year of cultivation (Bowman and Chan, 1991).

Soil organic matter plays a key role in maintenance of soil fertility. It is
the primary source of nutrient elements, such as nitrogen, phosphorus and
sulphur. Organic matter also helps maintain a good friable soil structure by
binding soil aggregates. Evidence from south east Queensland (Dalai, 1982)
indicates that depletion of organic matter is significantly retarded by
reducing the number of cultivation operations.

Extractable phosphorus levels were also significantly lower in cultivated
soils at Walgett, the lowest being in paddocks under the longest periods of
cultivation. This same response has been found on the brigalow, belah and
coolabah soils of south -east Queensland, where the original levels of
bicarbonate -extractable phosphorus were reduced to half their level in less
than 20 years.

The reduction in phosphorus at Walgett may also be partly due to the increase
in pH of these soils. Continuous cultivation has increased the pH from around
neutral (7) to alkaline (7.5 to 8.5). Such increases in pH may lead problems
in future cereal crops, such as zinc deficiencies.

Total nitrogen levels also declined significantly under cultivation at
Walgett. Soil nitrogen decrease follows a similar pattern to that of soil
organic matter. By increasing the decomposition of organic matter, cultivation
stimulates the release of mineral nitrogen, which is used by crops. Many of
the older cultivated soils have now reached a stage where organic matter has
declined to a level where inadequate nitrogen is mineralised for crop needs.
Thus these soils may now require the input of nitrogen from other sources for
optimum cereal production. The farmer can add fertiliser nitrogen to
compensate for the inadequate nitrogen release. Alternatively he can maintain
the supply of nitrogen -rich decomposable organic matter in the soil through
a legume crop.

Soil physical measurements at Walgett demonstrated that natural pasture soils
have a higher structural stability than adjacent cultivated soils as measured
by aggregate stability tests. Soil pits also revealed the presence of a
compacted layer at 20cm to 30cm (Bellotti, 1987). The presence of this
compacted layer was attributed to cultivation when the subsoil was moist and
plastic, although the top soil was dry.
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The marked loss of organic matter resulting from increasing periods of
cultivation is accompanied by significant increases in bulk density. Results
showed that at the same water content, the soil under pasture had a higher
air -filled porosity and higher oxygen flux density than the soils that had
been cropped. Oxygen flux density (Hodgson and MacLeod, 1989) could be 1.5 to
2.5 times higher for pasture soils than cropped soils (Bowman and Chan, 1991) .

This indicates that poorer subsoil structure exists in the cropped soils.

Soil biology is also being affected. Carbon dioxide is produced by microbial
metabolism and is therefore an indicator of microbial activity in the soil.
Carbon dioxide production by natural pasture soils was greater than for
adjacent cultivated soils (Bellotti, 1987). Microbial activity in all the
cultivated soils is carbon and nitrogen -limited. The implications of reduced
biological activity on cereal crops is uncertain, and requires further
investigation.

POSSIBLE SOLUTIONS TO THE PROBLEM

There are a number of possible ways to prevent this soil degradation from
worsening. The introduction of a long fallow into the cropping system would
improve soil moisture storage and decrease reliance on follow -up rain for crop
yields. By retaining stubble cover, some of the soil stability problems could
be minimised, as soil erosion would be reduced. The addition of organic matter
from the stubble would assist build -up of soil fertility and reduce surface
crusting. Deep ripping could be used to break plough pans.

The use of a crop rotation with either grain legumes or other break crops
would decrease disease build -up and help bring weed burdens under control. A
grain legume or green manure crop would also add vital soil nitrogen, as would
the use of fertilisers. A perennial grass /annual medic pasture in rotation
with the crops would add both organic matter and nitrogen to the soil. As
well, the deep -rooted perennial pasture grasses would cause an increase in
channels for water and air movement, and assist in breaking down compaction
layers (Litter, 1984).

However, all these options are reliant on rainfall. The erratic pattern of
rainfall in this environment means that fertiliser applications can often be
wasted, and break crops are not successful. There are also major pasture
establishment problems because of rainfall variability, which coupled with the
self -mulching nature of the soils, often leds to establishment failure of
small- seeded pasture species. Thus, transfer of the traditional crop /pasture
rotation technology from southern Australia to this region is not successful.
Pasture species are available that will persist in this environment but the
establishment of these species is, and will continue to be, risky.

Despite the risk associated with all these strategies, there is an increasing
awareness of the need to use them. In the past three to four years in the
Walgett Shire, there has been an increase in the use of grain legume crops,
and an increase in interest in available pasture species and their associated
establishment technology.

CONCLUSIONS

The time frame in which these changes have occurred in the soils of the
rangelands has not been clearly determined. Experimental work at Walgett
demonstrated that one year of cropping on an area of previously natural
pasture significantly reduced the organic carbon in the 0 to 0.5 metre layer
within 12 months by 20 to 25% (Bowman and Chan, 1991). One season of cropping
also significantly reduced the stability of these heavy clay soils. These
effects are dramatic and occur rapidly.

The documented soil degradation is of concern to the region's farmers. This
is a prime hard wheat growing area. Returns to producers come from the
production of high protein wheat. With decreasing soil nitrogen, the protein
levels of wheat are also falling. This means lower returns to growers, and
reduced investment in the cropping system overall.
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The farmers of the region are only too aware of the problems they face.
However their desire to crop areas of the rangelands continues. There are now
options available to these farmers to decrease the pressure they are placing
on the soil resource, and the majority are aware of these options. Cropping
in the rangelands will continue, and even increase, but cropping in future
must not use the exploitive systems of the past. The years of large yields
from this area are probably finished. In the future landholders will have to
be good managers of the soil. They will have to work within the limits of
these difficult environments to produce returns from cropping, while
increasing the long term stability of the cropping system.
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INTEGRATION OF PASTORAL & CROPPING IN MARGINAL RANGELANDS

David Fleming

"Ulah ", Walgett, NSW 2832

Walgett is a small farming centre located at the junction of the Barwon and
Namoi rivers on the western edge of the north west plains of NSW. The town
acts as an important service centre for the 1.4 million medium wool sheep
which are managed principally for wool and weaner production and the
170,000 ha of winter crop grain annually. The Shire also carries
approximately 84,000 head of Cattle. Areas of the Shire that lie west of
the Barwon river come under the jurisdiction of the Western Lands
Commission (WLC). Such country is leasehold and the WLC has the right to
control land management practices such as clearing or cultivation. Areas
east of this are freehold country and landholders are placed under no
restrictions regarding their management practices.

The environment of the Walgett district can be described as unpredictable
and highly erratic. Annual average rainfall varies from 500mm per annum in
the east to 420mm pa in the west. Long term rainfall data indicate a 60%
summer distribution. However, significant rain can fall at any time of the
year with droughts and floods being frequent.

The large majority of the Walgett district is predominantly flood plain
country from the Namoi, Gwydir, Barwon, Castlereagh and Narran river
systems. The soils of the floodplains are cracking clays which are uniform
with depth. They are alluvial in origin and are inherently high in
fertility, particularly phosphorus. Nitrogen fertility generally decreases
along an east -west transect, possibly due to the distribution of annual
medics (trefoil, burr medic). The grey clays are well structured and hold
high levels of available soil water. Therefore, they are well suited to a
cropping enterprise. Areas of the floodplain not cropped support a
productive livestock enterprise which has been the backbone of the district
since settlement.

Many problems or issues confront landholders in this district. I will deal
quickly with these before moving onto the integration of pastoral and
cropping enterprises in the region.

It is a moral obligation of every farmer and every agricultural scientist
to strive for maximum sustainable production.

Despite a wool stockpile of 3.9 million bales and despite 1.2 million
tonnes of beef in store in the European community there is no such thing as
an over production of food and fibre. While Ethiopians, the people of
Bangladesh and many other undeveloped nations starve and are not adequately
clothed, how can there be? Australian farmers and agricultural scientists
are doing their job in producing the food and fibre that the world needs.
This misery of being under -fed and under- clothed lies squarely at the feet
of the world's politicians. It is up to the worlds political leaders to
lift their game to match that of the farm sector.

The integration of pastoral and cropping in marginal rangelands is directly
linked to the aim of maximum sustainable production.

Unfortunately this aim, of bettering the lifestyle of the under privileged
is being thwarted by several factors.

First and foremost is through lack of farmer finance due to low commodity
prices. This will no doubt correct itself as time goes on.

Secondly is the cut back in government funding of research and extension.
Without trained researchers and trained extension officers to provide the
catalyst for change, development will slow and potential markets will be
filled by other countries which spend more of their GDP in this field.
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Thirdly is the stifling of farmer initiative through the imposition of
frustrating rules and regulations, through a system of rating and renting
and other government charges geared to the principal of user pays instead
of being geared to the farmers terms of trade. If the farm sector is not
to be subsidised by the tax payer as is every other farm sector in the
developed world then all we ask is that the government and the bureaucracy
get off our backs, stop using us for a milk cow and let us get on with the
job of farming.

The fourth factor limiting the goal of maximum sustainable production is
the perceived political influence of radical green groups dedicated to the
destruction of the Australian economy, dedicated to locking up vast tracts
of productive land and dedicated to ensuring that the worlds starving
millions remain starving.

It is a great pity that these instant ecological experts, these left over
protesters from another cause will not live long enough to see their own
great great grand children join the ranks of the hungry.

In the interests of accuracy, I will now confine my paper to the marginal
cropping lands in the North west of the state serviced by the NSW
Agriculture, Walgett and an area in which my own family have farmed for 110
years.

Some years ago the Upper Darling Research council and the Regional Director
of Agriculture, Roger Southwood, were successful in creating the post of
Research Agronomist based at Walgett. This position was and still is
partly funded by the Australian Wool corporation.

Prior to the appointment of Dr Bill Bellotti, the western division of the
shire was basically a wool growing area, but also sustained in the latter
years up to 30,000 Ha of wheat cropping. Little integration of the two
took place, and no research had been undertaken into pasture establishment
after the cropping phase.

The bulk of the lands in this area consist of heavy cracking grey soil
flood plains timbered with Black Box and Coolabah with scattered Belah,
Wilga and Boonery.

Photographic evidence proves that since my family originally took up Ulah
in 1882, timber cover has increased dramatically. From approximately four
trees to the hectare (Rolls- "A Million Wild Acres ") to its present
density.

There have always been areas of treeless country such as the Rotten Plain,
Morendah Plain and the Narran floodplain.

The other land system in the area is the Lightning Ridge Cumborah red ridge
country, originally lightly timbered with mainly pine and bimble box.
Since the advent of myxomatosis and the demise of the rabbit, pine
seedlings have taken over the country rendering much of the country useless
almost impenetrable pine scrub.

Both the Black Box /Coolabah scrubs and the pine scrubs are relative new
comers to the area. In the interests of sustainable production they must
be removed in order to bring the country back more towards its natural
state.

In the thicker areas of tree cover, grass cover has been lost leaving the
soil bare and subject to degradation.

A study by Michael Clark on behalf of the Western Lands Commission
correctly asserts that net return on semi open country more than doubles
that on tree infested Black Box /Coolabah country.

The way to returning this country to sustainable maximum production is
through the removal of unwanted timber, followed by a cropping phase and
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the return of improved pastures. On the Black Box /Coolabah country the
plough is necessary to deal with suckers and seedlings which appear for a
number of years after clearing. Indeed the plough and further cropping
will always be necessary to treat seedlings left as the result of
subsequent flood inundation. However, WLC regulations make it difficult to
undertake such an exercise without a lengthy delay and cost to the
landholder.

The heavy grey cracking soils are ideally suited for cropping as described.
Their fertility is high and the structure of the soil prevents wind
erosion. Soil erosion is generally not considered a problem due to the
flatness of the terrain, even under periods of extensive flooding. Water
retention is also high and with a metre of subsoil moisture, a fodder crop
is assured.

Trial plot work done firstly by Dr Bill Bellotti and his successor Dr
Alison Bowman has given some exciting results. Less exciting has been the
inability of the farming community to extend the trial plot work into
commercial areas. This has been largely due to lack of farmer funds and of
course it must be remembered that Walgett is the drought capital of
Australia.

Of the summer grass species trialled, those worth pursuing appear to be
Bambatsi Panic (Panicum coloratum), Buffel Grass (Cenchrus ciliaris) Purple
Pigeon Grass (Setaria incrassata) and Mitchell Grass (Astrebla lappacea).

Establishment has always been a problem due to extreme seasonal variation
and data so far indicates that early autumn establishment seems to be the
most successful even allowing for young plant loss due to frosting.

With autumn establishment being the most successful and summer feed
carrying capacity limited, then perhaps there is a place for lucerne in the
cropping /pasture rotation.

Plots of lucerne have shown reasonable survival rates over the couple of
years the trials have been in progress. Yields of up to 4 tonnes per
hectare per year have been recorded.

Winter pasture improvement should be on the back burner.

In a good winter the natural trefoil provides more feed than can be
utilised. Barley grass is a recent arrival and properly managed can carry
a tremendous amount of stock.

Returning to the summer introduced grasses it is well to bare in mind that
thick Mitchell grass stands were common on the flood plain before the three
floods of the 1950's. Little Mitchell grass remains. We must ask
ourselves should we re- introduce Mitchell or concentrate on the other
promising species, Bambatsi Panic, Buffel and Purple Pigeon.

Cutting of plot trials on "Ulah" over the summer /autumn period in 1990
returned 648kg /ha for Bambatsi 1837 kg /ha for Buffel and 902 kg /ha for
Purple Pigeon. In this year drought conditions prevailed until early may.

It is a pity that no commercial grazing stands of introduced species exist,
so no commercial data is available for the integration of cropping and
pasture in the Walgett district.

Variability of rainfall will never allow a set rotation. The best we can
ever hope for is to return to introduced pasture when rainfall and
available finance come together in the same year. Therefore a Flexible
approach to pasture /crop rotations will be the key to its success in
marginal rangeland environments.

With current commodity prices at an all time low and property running costs
at an all time high, farmers are in a survival mode. It is unrealistic to
expect those lucky enough to survive the current rural depression to be
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able to put money into pasture improvement until their financial position
becomes more secure. This probably means that very few commercial sowings
will take place over the next five years or so.

However to be ready for a return to better times, it is imperative that
research and plot trials continue. Perhaps some money could be made
available - say in the form of seed - for smaller areas of commercial
sowings to take place so that data is available for the years ahead when
farmers can afford the risks of pasture establishment.

Even without improved pastures, crop residues play a large part in an
integrated farming and grazing enterprise. No precise figures are
available but farmers seem to agree that in normal seasons grain farming of
up to a third of a property will actually support an increase in sheep
numbers.

After harvesting wheat and barley crops, grown merino sheep do quite well
on the crop residue. This allows sheep to be moved off natural pastures
onto harvested areas and in turn allows the grazing paddocks to come away
even on small falls of rain.

Even more useful is sorghum stubble. In our own case this year a poor
sorghum crop of 800 acres grown on subsoil moisture and only 30mm of rain
yielded 1/3 tonnes of grain to the acre. The thicker parts of the paddock
after harvesting the grain were cut for stubble hay yielding 200 half tonne
bales. The paddock was then stocked with 2600 merino weaners and 100
cattle for three months. The paddock at the end of July is still running
100 grown cattle and 600 grown sheep.

In a normal season the stock run on this stubble would have allowed for the
spelling of around 9,000 acres and pastures to come away. As it has turned
out it has delayed the hand feeding of these stock at a cost savings of
nearly $9,000.

I believe that the return to a more normal summer rainfall pattern will see
a considerable increase in the area cropped to grain sorghum. The grain
yield of these opportunistic crops is seen more as a bonus rather than the
prime aim of the crop, and crop residue allowing the spelling of large
areas of pastures.

It would be nice to think that increased areas of winter fodder crops, such
as barley and oats, could be grown to reduce grazing pressure in pastures,
but hard economic facts dictate that winter crops are more profitable as
grain crops. Certainly established wheat crops which are running out of
moisture and won't make grain will continue to play a large part in the
integration of pasture and cropping. I am unable to quote more precise
figures but the data is just not available.

Let me assure the Rangelands Society that cropping in the marginal cropping
areas can play a large part in our aim of sustainable production and better
land usage through the spelling of both natural and improved pastures.
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COVER LEVELS TO CONTROL SOIL AND NUTRIENT LOSS FROM
WIND EROSION ON SANDPLAIN COUNTRY IN CENTRAL N.S.W.

John F. Leys

Department of Conservation and Land Management
P.O. Box 363, Buronga, N.S.W. 2739

ABSTRACT

Grazing pressure resulting from high stocking levels can change the surface
cover levels and soil crust enough to dramatically increase the erosion hazard
of a paddock. For the sandplain country west of Cobar, percentage live
vegetation plus percentage litter( %veg +lit) was found to explain 77 % of the
variation in wind erosion (Q). Erosion hazard could be greatly reduced if >
than 54 % of cover ( %veg +lit) can be maintained.

For a 75 km /hr wind, erosion rates of 6.78 t /ha /min were measured with a
portable wind tunnel for the highest stocking rate (4 goats /ha). By reducing
stocking rate to 1 goat /ha erosion rates fell 91.3 % and by reducing to 0.7
goats /ha erosion rates were 99.7 % less than the highest stocking rate.

Wind erosion removed significant quantities of nutrient from the sandhills in
the 4 goats /ha paddock. If nutrients were to be replaced as fertiliser, it
would cost $0.69 /ha /min for the 4 goats /ha treatment, and $0.08 /ha /min for the
1 goat /ha treatment for a 75 km /hr wind.

INTRODUCTION

During 1991 -92, western New South Wales has experienced numerous dust storms
and the pictures of drought effected land and dead sheep have been spread
across the pages of the national papers. These drought conditions and the
associated wind erosion have occurred many times before in the Australian
rangelands.

Sturt, during his 1844 expedition, reports (Brock 1875, p54) that one evening
his camp was nearly buried by drifting sand in country which to that date had
no domestic stock. Devastating dust storms in the rangelands have been
reported for the last one hundred years. Condon (1976), reports major dust
storms in the 1890's and Ratcliff (1935) during the 1930's. More recently
Mctainsh et al. (1990, their Fig.2) have shown that dust storm frequency in
eastern Australia, for the period 1960 -84, is highest in the semi -arid
rangelands.

Reduction in pasture cover levels was identified by Newman and Condon (1969)
and Noble and Tongway (1986) as the primary cause of wind erosion in the
rangelands. Marshall (1972), Johns et a1. (1984) and Leys (1991) all
concluded that vegetation, and its management, are the keys to controlling
wind erosion.

The maintenance of vegetation levels in the semi -arid rangelands is largely
dependent on grazing pressure (including native, domestic and feral animals)
and seasonal climatic conditions. As land managers have no control over the
weather, stocking levels are the major method of pasture level manipulation.

The aim of this paper is to describe the cover levels required to control wind
erosion and nutrient loss associated with three stocking levels on the N.S.W.
Agriculture's "Lynwood" grazing trial, 100 km WNW of Cobar, N.S.W. The trial
is studying the effectiveness of using goats to control narrow -leaf hopbush
(Dodonaea attenuata).

METHODS

Soils and Treatments

Three stocking rates and a range of landform units within each paddock were
assessed during December 1990. They were :
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1. Blitz : very high stocking rate (4 goats /ha) over 10 months. Two land
units were assessed (i) sandhill (BH) and (ii) flat (BF).

2. High : high stocking rate (1 goat /ha) for 30 months. Four land units
were assessed (i) sandhill with grass /forb cover (HH); (ii) sandplain
with grass /f orb cover (HS); (iii) sandhill with red box (Eucalyptus
intertexta) (RH); and (iv) sandplain with red box (RS).

3 Moderate : moderate stocking rate (0.7 goats /ha) for 30 months. Two
land units were assessed (i) sandhill (MH) and (ii) flat (MF).

The sandhills and sandplains had loamy sand surface textures, (Northcote
(1979) classification of Uc5.21) and the flats were a fine sandy clay loam
(Gn2.12).

A total of 22 sites were selected in the blitz goat treatment (Blitz), 47
sites in the high goat paddock (Hgoat) and 13 sites in the moderate goat
paddock (Mgoat). Wind tunnel simulations were carried out on a range of cover
levels from 0 to approximately 95% cover over the three paddocks.

Soil and wind speed measurements

For each site a portable wind tunnel (Raupach and Leys 1990) was used to
measure the relationship between soil erosion, wind velocity and vegetation
cover levels. The methodology was to run the wind tunnel for 60 seconds at
a range of wind speeds (between 15 and 75 km /h).

Mean wind speed (u) was measured with a pitot static tube of diameter 0.2 mm
connected to a differential pressure transducer. The resultant output
voltages from each transducer are proportional to the local dynamiç pressure
(pd). Mean velocity (u) was calculated using the form u = (2pd /p)T (where p
is the air density, inferred from the ambient atmospheric pressure and the air
temperature measured inside the tunnel).

Measurements of soil and dust (material < 75 ).1.m) transport were made in the
wind tunnel with a modified Bagnold sand trap (Bagnold, 1941) of height 500
mm and width 5 mm, connected to a vacuum cleaner containing a pre -weighed
clean filter bag.

Horizontal soil transport rate was described by soil flux, Q = m / (TY) where
m = mass of soil accumulated in the vacuum bag after a time interval T (60
sec) and Y is the trap width (0.005 m). The soil erosion rate was calculated
by the form ERO = m I (TFY) where F = fetch of soil upwind of sand trap (4.2
m). The determination of the dust erosion rate was calculated by the form
FINERO = %FINES x ERO. The level of %FINES is the percentage of soil < 75 um
as determined by detailed particle size analysis (PSA).

Soil characteristics for each site included, PSA of the soils and wind eroded
sediments, soil cloddiness (*DA, mass percentage of dry aggregates with
diameter greater than 0.85 mm using the method of Semple and Leys (1987)) and
nutrient analysis of the soils and eroded sediments. Nutrient analyses
included total nitrogen by the modified Kjeldahl method (Page et al. 1982);
total phosphorus using sodium carbonate extract (Page et al. 1982); organic
carbon by the Walkley -Black method (Page et al. 1982).

Cover assessments

The wind tunnel sites were photographed after each run. Slide photographs
were taken vertically of four 1 m' quadrats equally spaced down the length of
the tunnel coverage. The slide photographs were projected onto a 100 square
grid overlay and the percentage of vegetation cover (live perennial and
ephemeral, %veg), surface litter (leaves and twigs, %lit), loose soil
( %eromat) and surface crusting ( %crust) were calculated.

Nutrient loss and cost

The nutrient loss (in kg) was calculated by multiplying the erosion rate of
the dust (FINERO kg /ha /min) for the maximum wind velocity in the wind tunnel
(12 m/s at 15 cm height) by the nutrient concentration (ONCd) of the dust
(material < 75um) giving the nutrient loss in kg /ha /min.
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One cost of wind erosion is the amount and cost of fertiliser product required
to replace the nutrient lost in the dust. Firstly, the amount of fertiliser
product (kg /ha) required to replace the lost nutrients was calculated by
dividing the nutrient loss (in kg /ha) by the nutrient concentration of the
fertiliser product. Secondly, the cost ($ /ha) of the fertiliser required to
replace the lost nutrients was calculated by multiplying the amount of
fertiliser (kg /ha) required by the cost of the fertiliser ($ /kg).

RESULTS

Cover and soil surface conditions

Surface conditions varied between the land units, and more markedly, between
treatments (Table 1). The cover levels are represented by the live vegetation
cover and litter. The combination of these two parameters ( *veg +lit)
decreased with increasing stocking rate. The Blitz treatment had the lowest
cover levels because of the very high stocking rate. On the sandhill (BH)
there was only woollybutt (Eragrostis eriopoda) butts and litter from the
neighbouring red box and narrow -leaf hopbush. On the flat (BF) there was only
a thin layer of annual herbage litter. The soil of BH consisted mainly of
loose sandy material of 1 to 3 cm depth ( *eromat = 60.59 %) and a small
proportion of the surface (12.5 %) was covered with a compact crust where
previous erosion had removed the loose sandy layer. By comparison BF was
characterised by a compact crust and very prostrate annual herbage litter.

The sandhills and adjoining sandplains differed in their tree cover which had
a marked effect on the pasture and litter types. The grass /forb covered
sandhill and sandplain (HH and HS) were typified by the coverage of prostrate
annual herbage. Both these sites showed little sign of erosion and had little
crusting of the surface. In contrast, the sandhill and sandplain with red box
(RH and RS) were similar to BH with scattered dead woollybutt butts and a
litter of leaf fall and twigs from the red box trees. The soil surface for
RH was similar to BH with a 1 to 1.5 cm loose sandy layer and small crusted
areas resulting from previous erosion at the site. Crusting increased down
the slope at the margin of the sandhill (RH) and the sandplain (RS) as the
impact of wind erosion and sheetwash became more prevalent in removing the
loose surface material.

Table 1: Soil flux levels (Q) for a 12 m/s wind at 15 cm height, percentage
live vegetation cover levels ( *veg), percentage litter ( %lit), percentage dry
aggregation > 0.85mm ( *DA), percentage crust cover ( *crust), percentage loose
soil ( *eromat) and number of samples for each treatment (n) for the three
stocking levels and different land units assessed at Lynwood. Where BH= blitz
sandhill; BF blitz flat; HH= Hgoat sandhill; HS= Hgoat sandplain; RH= Hgoat
sandhill with red box; RS= Hgoat sandplain with red box; MH= Mgoat sandhill;
and MF= Mgoat flat.

Site n Q *veg %lit *DA *crust *eromat

BH 20 47.74 2.94 23.58 48.72 12.90 60.59
BF 2 0.45 1.5 48.75 79.15 35.63 0.00
HH 13 3.95 6.06 47.50 45.62 0.00 46.44
HS 15 0.61 6.35 73.77 56.89 0.00 19.88
RH 11 30.25 1.55 56.77 46.20 5.30 36.34
RS 8 46.11 2.75 41.72 54.08 10.63 44.91

MH 10 0.13 19.38 66.28 57.87 14.32 0.00
MF 3 0.22 50.50 30.92 86.70 18.48 0.00

The Mgoat treatment was considerably different because of the lower stocking
rate and the resultant retention of the surface vegetation. The sandhill (MH)
was covered in live woollybutt plants with foliage projecting to an average
height of 20 cm. The soil between the woollybutt plants was strongly crusted
with a well developed stable organic /porous layer 2 to 3 mm thick. The flat
(MF) had a cover of prostrate annual herbage and a very strong crust.
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Soil erosion and dry aggregation

Soil flux (Q), varied between stocking treatments and land units (Table 1).
Erosion was greatest on the sandhills with low cover ( %veg +lit) and with a
loose sandy surface, that is sites BH and RH. As the percentage of soil cover
increased, erosion rates dropped. The other sandhill in Hgoat (HH) had low
erosion rates, while in Mgoat (MH) erosion rates were negligible.

The dry aggregation levels %DA for each land unit were similar for both Blitz
and Hgoat treatment. The Mgoat *DA levels were higher for the land units
compared to the other treatments.

Nutrient loss and cost

Soils at three depths were analysed for nutrient concentration at two sites
that experienced erosion (i.e. BH and HH)(Table 2). Nutrient concentration
decreased with depth (the exception being the 4 to 5 cm depth at the Hgoat
site). The eroded sediments caught in the tunnel were sieved through a 75 dun
sieve and the material that passed through the sieve (dust) was analysed for
nutrients (Table 2). A 75 pm sieve was used because recent field work
indicates that material < 75 pm was found to be the only size of sediment
leaving wind eroded paddocks (Leys and McTainsh, unpublished data). Material
> 75 pm tends to be redistributed in the paddock, therefore that soil and its
nutrients are not lost from the system.

The eroded dust showed considerable nutrient enrichment, that is, the ratio
of the nutrient concentration of the eroded material to the nutrient
concentration of the soil the eroded sediments were derived from. The eroded
sediments of BH showed enrichment ratios of approximately 2:1 for total N,
total P and % organic carbon. By comparison, HH showed a ratio of 1 :1 (Table
2)

The amounts and costs of replacing nutrients as fertiliser for two sandhill
sites were calculated and are given in Table 3.

Table 2. The soil nutrient levels for three depths and eroded sediment (dust
<751m) nutrient concentrations for two sandhills at the Lynwood site.

Site Land unit Source Total N Total P Organic C
( %) (PPm) ( %)

Blitz sandhill dust <75 um 0.044 642 0.742
Blitz sandhill 0 -1 cm soil 0.024 299 0.584
Blitz sandhill 2 -3 cm soil 0.018 295 0.471
Blitz sandhill 4 -5 cm soil 0.012 136 0.302

Hgoat sandhill dust <75um 0.028 na na
Hgoat sandhill 0 -1 cm soil 0.026 322 0.480
Hgoat sandhill 2 -3 cm soil 0.023 295 0.275
Hgoat sandhill 4 -5 cm soil 0.016 300 0.398

na = insufficient sample to analyse
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Table 3. Soil loss rates of dust (FINERO = material < 75 um) and the
corresponding nutrient loss rate of total nitrogen for a 12 m/s wind at 15 cm
height. The equivalent amount of fertiliser and the cost of replacing the
lost nutrient is given for two sandhill sites at Lynwood. Where BH = Blitz
sandhill; HH = Hgoat sandhill.

Site ERO %FINES FINERO N Product Product Replacement
Loss Required Cost Cost

kg /ha /min kg /ha /min kg /ha /min kg $ /kg $ /ha

BH 5199.2 13.5 701.9 0.31 1.72 0.40 0.69
HH 571.1 15.8 90.2 0.02 0.21 0.40 0.08

DISCUSSION

Vegetation cover

To ascertain which factors had the greatest affect on soil flux (Q), a
stepwise multiple regression (SAS 1988) (with the f statistic to enter set at
P <0.15) was performed on the cover factors that reduced erosion in Table 1.
The best three variable model using all the data (n = 82) explained 82 % of
the variation with all variables significant at P <0.001. The most significant
variables that controlled erosion were *.lit which explained 48 % of the
variation, %veg explained a further 31 % and *crust an extra 3 %. Based on
this analysis, %veg and *.lit were combined to form the variable %veg +lit and
regressed against in Q (Fig. 1) to give a regression coefficient of r2 =0.77
which was significant at P <0.001. This regression was done using data from
all land units and paddocks, and gave the following form;

in Q = 6.08 - 0.083(%veg+lit) [1]

Using this relationship it is possible to determine an average cover level
required to control erosion on the sandplain country west of Cobar.

The author, based on
experience with the wind
tunnel, has used an
"erosion control" level of
Q < 5 g /m /s. Land
managers should aim to
keep under this level of
erosion. This erosion
level is less than would
be noticed by land
managers and most
extension staff. A zero
level of erosion has not
been set as this is rarely
achieved even under
vigorous perennial
pasture. Therefore,
solving equation 1 with Q
= 5 g /m /s gives a critical
cover level ( %veg +lit) of
54 %. Cover levels

Figure 1: Relationship between soil flux (1n q) reducerthe
ha

the erosionand vegetation cover ( %veg +lit) for all sites and ensure greater landassessed at "Lynwood".
stability.

Dry aggregation

Dry aggregation > 0.84 mm, as determined by dry sieving, was determined by
Chepil (1950) as one of the most important factors affecting wind erosion.
As dry aggregation levels increase, erosion levels fall. In this study, %DA
only explained 22 % (P<0.001) of the variation in in Q as vegetation factors
predominantly influenced erosion factors.
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The sandhills in Blitz and Hgoat have similar *DA levels (46 % -49 %), but the
sandhill in the Mgoat treatment (MH) is higher (58 %)(Table 1). This is
attributed to the different surface conditions. The Blitz and Hgoat
treatments both had highly disturbed surfaces caused by the high stock
numbers. In these paddocks the surface of the sandhills were covered with
loose sand (1 -3 cm deep), in contrast, MH was heavily crusted and had little
loose material. The combination of lower stock numbers, the crust remaining
intact and the extra root binding from the live woollybutt is probably the
reason for the higher %DA in MH.

Soil crusts

Soil crusting appears to be a function of stability of the paddock. It is
hypothesised that there are two types of crust. One is an older thicker crust
with a large proportion of organic matter. The second is a newly formed
compact crust formed by recent wind and water erosion processes. The first
type is found in Mgoat where the crust has suffered less stock traffic and
erosion processes have not been as active. The second crust type found in
Blitz and Hgoat are a function of erosion processes. In these cases the
stable crust was broken down (most probably by stock trampling and wind
erosion) and has been replaced with a crusted layer that forms the boundary
between the loose sandy lag material being blown around by the wind and the
uneroded soil beneath. Both crusts have the affect of reducing erosion rates
but each signifies a different stage in the paddocks stability.

Cost of replacing lost nutrients as fertiliser

Of the eight sites evaluated, two were used to evaluate the costs associated
with replacing the wind blown nutrients as fertiliser. The nutrients in the
soil are concentrated in the top layers (Table 2). Therefore, any erosion
removes the most fertile part of the soil. Wind erosion is particularly
efficient at winnowing the fines and nutrients out of the top soil and leaving
behind the less fertile sand (Leys and Heinjus, 1991) . This is evident at the
BH site where the wind blown sediments have an enrichment ratio of 2:1. The
erosion levels of HH were 9 times less than BH and as such the winnowing
process was far less developed. Enrichment ratios for HH were 1:1. This
implies that sites with greater erosion have greater nutrient losses. This
is because a greater mass of soil is moved thereby increasing the nutrient
laden dust production from the soil.

The relative costs of erosion between the two sites vary by 8.6 fold. From
Table 3, BH is losing the equivalent of $0.69 /ha /min of fertiliser and HH is
losing $0.08 /ha /min for a 12 m/s wind at 15 cm height. It must be remembered
that these are plot data and therefore the costings are only relative. This
plot data indicates the potential losses. Paddock scale data would return
different results (most likely lower) because of the reduction effect trees
and shrubs have on wind flow and erosion.

CONCLUSIONS

Stocking rates had a marked effect, on soil cover levels, soil crusts and wind
erosion. The combination of percentage live vegetation cover and percentage
litter cover ( %veg +lit) explained the greatest variation (r2 =0.77 P<0.001) in
soil erosion (1n Q). For all eight sites combined (sandhills, flats and
sandplain), erosion control (Q < 5 g /m /s) was achieved with a %veg +lit level
of > 54 %.

Higher stocking levels in the Blitz treatment reduced cover levels ( %veg +Zit)
on the sandhills to low levels (26.5 %) with the only cover being scattered
woollybutt grass butts and litter. On the flats, annual herbage litter
increased cover to 50 %. In the Hgoat treatment, cover levels were higher
than the Blitz with annual herbage litter giving good cover on open areas of
54 % and 80 % for the sandhill and sandplain respectively. Where there were
red box trees, cover level fell to 58 % and 44 % for the sandhill and
sandplain. In the Mgoat treatment, cover levels were considerably higher on
the sandhill (86 %) and similar to the Hgoat on the open flats (81 %). The
big difference was that the cover on the sandhill was predominantly live
woollybutt with foliage averaging 20 cm in height.
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Stocking rates also had a marked affect on the soil crusts. Observation
indicates that the stable long term crust that was present in Mgoats was
broken up by stock trampling and erosion processes in the Hgoat and especially
in the Blitz treatments. The reduction in the crusts resulted in greater
erosion rates.

Erosion rates (ERO) varied between treatments. By comparing the same land
unit in each treatment (sandhill without trees) the impact of the different
stocking rates is evident. The Mgoat was 0.3 % (ERO = 0.018 t /ha /min) and the
Hgoat was 8.3 % (ERO = 0.561 t /ha /min) of the Blitz erosion rate of ERO = 6.78
t /ha /min.

Nutrient losses associated with the erosion were also substantial. The dust
(eroded material < 75 }lm in diameter) was considerably enriched and in the
Blitz treatment contained twice the nutrient concentrations of total N, total
P and percentage organic carbon than the 0 -1 cm surface soil. In the Hgoat
treatment, enrichment was not taking place because the nutrient concentrations
of the eroded dust were the same as the soil. This was due to the erosion
processes being contained by the crust and cover levels.

The simulated wind of 12 m/s measured at 15 cm above the ground in the wind
tunnel is equivalent to a 75 km /hr wind measured at 10 m as reported by the
Meteorological Bureau. If nutrients lost through wind erosion were to be
replaced as fertiliser, it would cost $0.69 /ha /min for the Blitz treatment,
and $0.08 /ha /min for the Hgoat treatment for a 75 km /hr wind.

Based on this research, the Blitz treatment has high soil and nutrient loss
levels. In the long term these losses would result in major land degradation.
The success of this treatment depends on the recovery of the pastures. This
data is not available yet and as such recommendations on the viability of this
treatment for controlling woody weeds can not be made. The Hgoat treatment
had just enough cover (although it was primarily annual herbage) to control
erosion and nutrient losses. It appears it would be possible to use this
strategy to remove woody weeds with goats, provided cover levels could be
maintained in the future at these stocking rates. The Mgoat treatment
provides adequate cover and has very low erosion levels, however, removal of
woody weeds is less effective at these stocking rates (Muir, 1991).
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ABSTRACT

We address a number of management principles pertaining to temporal and
spatial changes in rangeland systems. Both plant community composition, and
availability and quality of forage, are temporally variable. The process of
community change, at least in southern Africa, appears to differ between humid
and arid environments. In humid environments, change follows a relatively
gradual and predictable pattern, with both over- and under -grazing resulting
in decreased carrying capacity. Factors other than grazing also cause change.
In arid environments, change is event -driven, providing the grazier with risks
and opportunities to cause or prevent community change from one state to
another.

Humid and arid rangelands also exhibit different patterns of inter- and intra-
seasonal variation in forage availability and quality. In the former,
changes, particularly in quality, are relatively predictable, allowing the
grazier to match forage demand to supply, thus facilitating stable animal
husbandry systems. In arid ranges, the profound change is inter -seasonal
forage production, implying unpredictable carrying capacity. Flexibility in
livestock numbers is therefore essential.

Spatial heterogeneity of rangelands results in patch utilization and localised
deterioration of varying scale. In southern Africa, the traditional response
has been fencing, an expensive and sometimes impracticable solution on an
extensive scale. Fire and siting of artificial water points or mineral licks
are alternative options for redistributing animals.

The interaction of spatial heterogeneity with temporal rainfall in arid
rangelands provides pulses of productivity varying in space, time and
magnitude. Settled pastoralism is perhaps unsuited to these environments.

Finally, in view of the complexity of rangeland systems, and the paucity of
empirical predictions for graziers, we suggest that formalised adaptive
management - decision -making from past mistakes and successes - is the most
appropriate means for graziers to cope with a changing environment.

INTRODUCTION

Grazing management is the process whereby the grazier examines probable
consequences of different management actions and selects that which, in his
opinion, has the highest chance of attaining his objectives (adapted from
Provenza, 1991). The role of the range scientist in this process is not to
prescribe what the grazier's objectives should be, but rather to provide
reliable predictions of the consequences of management actions. The various
combinations of enterprises and management actions from which the grazier
might choose are almost endless. Superimposed on this are socio- economic
conditions which influence grazier objectives ranging from commercial to
subsistence pastoralism (nowhere more evident than in the dichotomy of first
world /third world pastoralism in southern Africa).

Clearly, the range scientist cannot hope to address all possible permutations
of grazier objectives and management options through empirical
experimentation, and is forced to develop conceptual models and hence
management principles to assist in prediction. These will be based as far as
possible on quantitative research, but will, of necessity, also rely heavily
on conventional wisdom, observed successes and failures of graziers, untested
hypotheses and intuition.

In this paper we address a few management principles pertaining specifically
to a changing physical environment, emphasizing experience gained in southern
Africa in a broader perspective. We accept that changes of circumstance
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affecting the grazier are not confined to the physical environment. Indeed,
changing economic, social and political climates probably influence grazier
decisions more than changes in physical conditions and resources.

We address the topic as follows: we describe what we consider to be the most
important changes that are taking place, without entering into detail of the
processes involved; we discuss some of the implications of these changes to
pastoral systems and attempt to identify tactical management principles or
responses, and, we indicate how graziers may formally implement flexible
management in a changing environment.

Temporal Change

The temporal pattern of changes in plant abundance, composition, structure,
productivity and quality are commonly recognized to be a response to both
abiotic (e.g. rainfall) and biotic (e.g. grazing) influences. These patterns
show marked spatial variation from the local to regional scale. For
convenience, we separate changes in structure and composition of plant
communities (community change) from changes in forage productivity and
quality, although they are frequently interdependent.

Community Change

The nature of community compositional change has been the subject of
considerable debate in recent years. The traditional paradigm of Clementsian
succession for rangelands has been firmly challenged (e.g. Westoby et al.,
1989), with the latter emphasizing event -driven phenomena. A main issue has
been whether or not communities progress gradually from coloniser to climax
communities, whether or not grazing retrogression is the mirror image of
progression, and the cause and predictability of these changes (Westoby, 1979;
Walker, 1988; Danckwerts and Adams, in press). In southern Africa, the
favoured philosophy has been that community change is gradual and predictable
with retrogression occurring in response to herbivory - the Dyksterhuis (1958)
increaser -decreaser approach (e.g. Foran et al., 1978; Tainton, 1986; Bosch
et al., 1989). Perhaps this is because the work in southern Africa has been
developed largely in humid rangelands where conditions and resources for
growth are relatively predictable and constant between years. It is therefore
expected that heavy grazing will result in an orderly increase in the
proportion of plants with well- adapted defence or tolerance mechanisms to cope
with herbivory. Conversely, an absence of grazing would favour tall lignified
plants (Stuart -Hill and Mentis, 1982) with low forage value.

The increaser - decreaser model, with two categories of increasers (those that
increase with either under- or over -grazing) is emphasised in grazed humid
rangelands of southern Africa (e.g. Tainton, 1981) with the implication that
carrying capacity would decline under both excessive- and under -utilization.
The management paradigm for humid ranges has thus been that the grazier should
strive for a level of grazing light enough to prevent an increase in
unpalatable increasers adapted to grazing, but heavy enough to prevent an
increase in plants adapted to no grazing, and that he should adapt grazing
intensity on the basis of observed changes.

An important criticism of the increaser -decreaser model is the implicit
assumption that grazing is the most important gradient rangeland species
respond to, yet there is accumulating evidence that many species show a minor
response to the grazing gradient (Mentis 1982; O'Connor 1985). As an example,
Themeda triandra is generally considered to be the most important decreaser
species in southern Africa. It is only moderately adapted to herbivory, yet
also disappears in the absence of grazing in humid rangelands unless there is
regular fire (Coughenour et al., 1985; Danckwerts and Stuart -Hill, 1987). The
classification of this species along a grazing gradient may be incidental.

The point we highlight here is that, while community change in humid
rangelands might be a relatively orderly process, it is over -simplistic to
explain change merely in terms of responses of species to grazing alone.
Indeed, fire is an enormously important tool in the management of humid
rangelands, at least in southern Africa (Trollope, 1989), and its impact might
well be greater than that of grazing, at least within a reasonably practicable
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range of stocking rates (Danckwerts, 199Oá; Danckwerts, 1990b).

In contrast, work in drier parts of southern Africa (e.g. O'Connor, 1985;
Walker et al., 1986; Danckwerts and Stuart -Hill, 1988) indicates that
community change takes place largely in response to stochastic environmental
events, that this change can be rapid and unpredictable, and that the inter-
action with management can be critical. This work concurs with conceptual
models from other arid and semi -arid areas (e.g. Westoby, 1979; Noble, 1986;
Walker, 1988; Westoby et al., 1989). In particular, the state and transition
model of Westoby et al. (1989) has been invoked to explain community change
in a number of arid areas. Briefly, it describes a state as a stable
assemblage of species occupying a site, and, for communities to move from one
state to another, some external force is required to overcome this stability.

The implication is that long periods of system inertia are punctuated by
unpredictable risks and opportunities for the manager to move the system from
one state to another (Westoby et al., 1989). The key issues are for the
manager to be aware of what state or states have the greatest chance of
fulfilling his objectives, and to be aware of what combination of event and
management is required to cause or prevent movement from one state to another.
As an example, Danckwerts and Stuart -Hill (1988) found that even moderate
grazing after a severe drought in semi -arid savanna resulted in a sharp
decline in the presence of T. triandra in the sward. In adjacent sites,
ungrazed for one season after the drought, new T. triandra recruits replaced
plants that died during the drought, retaining the range in its original
state. The difference between the two treatments was still present three
years later.

To summarise, the philosophy of gradual and predictable changes appears to
have a reasonable utility for humid rangelands, and the event -driven approach
in arid ranges. However, in southern Africa, many rangelands are transitional
between the two, and both models may apply at the same sites, but on different
time scales.

Structural Community Changes

Possibly the single most important change in community structure for grazing
management is bush encroachment, often a result of overgrazing (e.g. Walker
et al., 1981). Because of a general decline in grass production with
increasing tree biomass (Scanlan, 1992) pastoralists have generally responded
by attempting to reduce the woody component through herbicides, mechanical
clearing or fire (e.g. Dye and Spear, 1982; Trollope, 1989). These practices
are, however, expensive and /or have relatively short -term effects (e.g.
Scholes, 1990) while the increased animal performance rarely matches increased
grass production (Teague and Smit, 1992).

As an alternative, Aucamp et al. (1983) suggested matching the animal species
with the vegetation through the introduction of browsers, such as goats, into
existing pastoral systems so as to utilize the available woody component. In
conjunction with fire, such a system could control the woody species
( Trollope, 1989) while animal production would exceed that achieved under
traditional grazing systems (Aucamp et al., 1984) because of complementary
resource use by grazers and browsers, as well as the relatively high fecundity
of the latter animals (Aucamp et al., 1984).

Changes in Forage Productivity and Quality

An important aspect of temporal change is intra- and inter -seasonal change in
the quantity and quality of available forage. Intra- seasonal changes are more
predictable in humid rather than arid rangelands, because of the inherent
predictability of climate in humid areas. In both areas, this typically
involves an abundance of forage during the rainy seasons, with a decline in
the dry season. In humid areas - termed 'sourveld' - this is commonly
accompanied by a marked decline in forage quality as the dry season
approaches, reaching sub -maintenance levels in winter (O'Reagain and Mentis,
1988). Forage intake and daily gain of a free ranging steer would thus vary
considerably over the year (Fig. 1).
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Figure 1. Trends in forage quality (A) and in daily intake and daily mass
gain (ADG) per head (B) on humid sour grassveld where forage
availability is never limiting (after Danckwerts, 1989b).
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Without supplementation, the loss in mass during winter can be considerable,
up to 80 kg /head (Preller, 1959). Clearly, graziers with reproducing animals
would aim at lambing or calving during spring to take advantage of the high
quality at this time, and would implement some form of supplementary feeding
in winter.

The predictable intra- seasonal changes in forage availability and quality in
humid rangelands renders the grazier in a position to practise fodder flow
planning - matching forage demand to supply as far as possible, and providing
supplementary forage where deficit still occurs. Further, inter -seasonal
variation is relatively small, allowing stable production systems with
relatively constant animal numbers. In drier areas of southern Africa -
termed 'sweetveld' - forage quality remains relatively constant throughout the
year and sufficient for animal requirements (e.g. Danckwerts, 1989a).

Turning to inter -seasonal variability, forage productivity is directly related
to mean annual rainfall. In turn, in the summer rainfall region of southern
Africa, mean annual rainfall is inversely correlated to its coefficient of
variation. The CV ranges from 40 % for areas with a 400 mm mean to less than
10 % for a 700 mm mean (Tyson, 1986). As a consequence, inter -seasonal
changes in forage production are marked in semi -arid rangelands. For example,
a twelvefold difference in grass production was recorded between average and
dry years in Acacia savanna in Zimbabwe (Dye and Spear, 1982). They may also
be exacerbated by outbreaks of phytophagous insects such as the harvester
termite (Barnes, 1982).

The overwhelming implication of these trends is that carrying capacity varies
considerably from year to year. As an example, over a 10 -year period in semi-
arid savanna, grazing capacity varied from 0.026 to 0.2 large stock units per
ha, a difference of over 700 % (Tainton and Danckwerts, 1989) (Fig. 2A).

Here, a grazier stocked at the long -term mean carrying capacity (0.09 large
stock units per ha) during 1982/'83 season, would still have been 350 %
overstocked. Under these circumstances, the concept of a long -term mean
carrying capacity seems to have no practicable significance. Clearly,
graziers in arid areas must somehow be able to react to this enormous
fluctuation. Perhaps the simplest and traditional way of coping with this is
through nomadism - an option still practised in. some third world countries,
although population pressures are making it increasingly impossible for
nomadism to continue. In developed countries, the practice is generally
precluded by land tenure systems. We assess a number of the possible
alternative options under settled pastoralism.

1. The most obvious option is to maintain stocking rates at very low
levels to ensure stable production in all but the driest years. The
problem here is the lost opportunity cost of wasted forage and the cost
of land precludes this option in most commercial systems. Further,
problems of inadequate forage will still arise in the driest years.

2. The grazier may destock with the onset of drought and restock when
sufficient forage has accumulated after rain. This option is limited
by the relative inelasticity of the market for domestic livestock,
making it unable to cope with fluctuations in supply and demand.
Furthermore, droughts are often regional, making availability of
livestock for restocking very limited and exorbitantly expensive.

Adopting this approach would also require that the grazier recognize
differences between dry spells and drought- in our experience graziers
are often optimists, and delay destocking too late, resulting in poor
condition and low prices for animals being disposed of.

3. The third option is a combination of the previous two, and involves
setting the number of reproducing animals at a low but stable level and
"filling" with readily disposable livestock. The advantage of this
approach is that, provided adequate records of rainfall and
productivity are available;! the number of reproducing animals can be
set according to a probability level selected by the grazier (e.g.
Danckwerts, 1987a). The grazier can then 'react to dry spells or
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drought by disposing of filler animals, and to wet cycles by either or
both of purchasing fillers and retaining home -bred progeny. As with
option one, however, problems of inadequate forage will still arise in
the driest years.

4. Fodder banking is another obvious means of coping with forage shortage
during drought. The size of the fodder bank needs to be in direct
proportion with rainfall variability (Jones, 1983), and therefore
increases with increasing aridity. The problem here is that arid
regions are usually situated too far from fodder -producing areas to
make this option financially viable on its own. An alternative method
of fodder banking, widely advocated in southern Africa, is to withdraw
a portion of a ranch from grazing for an extended period and on a
rotational basis. It is generally recommended that ranchers in semi-
arid areas withdraw at least a third of their range from grazing for
the duration of each growing season (Tainton and Danckwerts, 1989).
For this option to work, the rested range must remain palatable to
livestock after the duration of the rest period. Although there will
obviously be some loss of forage on the rested range through
desiccation and consumption by wild herbivores, the option nevertheless
has a significant buffering effect on inter -seasonal variation in
carrying capacity. This is demonstrated by using the example for semi-
arid savanna given earlier (Fig. 2A) to determine the carrying capacity
of the same range assuming one third was rested each year (Fig. 2B).
It is clear that resting would have had a major fodder flow advantage
and, indeed, this option was practised with great success on the area
in question (Danckwerts, 1987b). Nevertheless, while buffering inter -
seasonal fluctuation, this option will by no means eliminate it (Fig.
2B) It also requires some means of controlling animal distribution.

None of the options listed above is likely to be entirely successful on its
own. Above all, the pastoralist will need to strive for flexibility in
livestock numbers, and this can probably be best achieved by some combination
of the options listed above. For the settled pastoralist in arid areas,
coping with inter -seasonal fluctuation in carrying capacity will be a major
management challenge.

Spatial Variability

Rangeland systems exhibit spatial heterogeneity, varying from patch to
landscape scale, in composition, structure and productivity. This is a
consequence inter alia of aspect (e.g. Du Toit, 1967), catenal position (e.g.
Walker, 1985) and geology (e.g. Ebersöhn, 1961) and localised phenomena such
as fire. Superimposed on the physical environment may also be intra- seasonal
patchiness in rainfall distribution associated with stochastic formation of
convectional thunderstorm cells (Preston -Whyte and Tyson, 1988).

Sites therefore differ in the amount and quality of plant material produced
and in value as a forage resource to the animal. Sites may also differ
physically in terms of cover, proximity to water, exposure to weather and
predation risk. Foraging value and habitat suitability are not constant but
vary between animal species (e.g. Jarman and Sinclair, 1979) and both between
and within seasons (e.g. Fabricius and Mentis, 1990).

The consequences of spatial heterogeneity for rangeland management are
threefold. Firstly, animals select strongly for sites with a high resource
value (area selective grazing), largely avoiding other areas (e.g. Downing,
1979). Excessive use of preferred sites may degrade the vegetation to a less
productive community with a resultant increase in soil loss (e.g. Donaldson,
1986). Secondly, uneven animal distribution results in inefficient resource
use with some areas being heavily impacted, while others are under -utilized.
Consequently, the actual carrying capacity of the range may be substantially
lower than its potential. Thirdly, different areas react differently to
grazing and other driving variables, complicating range management. For
example, in humid grassland, S and N aspects may respond differently to
grazing in terms of species composition, herbage production and vigour (Du
Toit, 1967).
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The significance of these effects varies according to the landscape position,
sensitivity to degradation and extent of the impacted area. Where utilized
areas are relatively small and do not occur in sensitive areas e.g. riparian
zones, they may possibly be regarded as sacrifice zones. Conversely, if areas
are large and /or occur in sensitive zones, degradation is usually considered
unacceptable, necessitating management of animal distributions.

The simplest solution may be to stock the entire range at a level which the
preferred areas can sustain (Edwards, 1981). Economically, this may be
unacceptable due to inefficient resource utilization and the low animal
production per unit area.

In southern Africa, fencing of different vegetation types (paddocking) along
with some form of rotational grazing, has been widely recommended to ensure
even, controlled use of rangeland (e.g. Anon., 1926; Roux, 1968; Booysen and
Tainton, 1978). Areas are separated according to vegetation type, aspect,
topography and soil with each group of animals rotationally grazing a
recommended minimum of between four to eight camps (e.g. Booysen et al., 1974;
Barnes, 1982). Such systems allegedly maintain, or even improve, long -term
range condition (sensu Foran et al., 1978) while increasing animal production
through maintenance of higher carrying capacities (e.g. Roux, 1968; Booysen
and Tainton, 1978). While the alleged benefits of rotational grazing are
debatable, camping per se appears to be important in preventing localised
degradation and facilitating range management (O'Reagain and Turner, 1992).
On the other hand, paddocking has a number of disadvantages. Firstly,
capital expenditure is high and may only be financially justifiable if
depreciated over periods which frequently exceed the planning horizon of most
graziers (Mentis, 1991). Secondly, poorly sited fences (e.g. incorporating
a relatively palatable into a larger, less preferred community) can result in
degradation (e.g. Donaldson, 1986).

As an alternative to fencing, fire may be used under extensive conditions to
shift animal pressures across different habitats. Varying fire frequency
creates a mosaic of burnt, recently burnt and unburnt patches varying in
attractiveness to the grazing animal (Van Wilgen et al., 1990). Burnt areas
are typically selected in preference to unburnt areas because of the high
quality regrowth on the former (Mes, 1958; Grunow, 1979). As an example,
large -scale movement of indigenous ungulates between habitats is a de facto
consequence of patch burning in many conservation areas (Van Wilgen et al.,
1990). Nevertheless, there are a number of potential problems associated with
burning. Firstly, where large differences exist in resource quality between
sites, burning may be unsuccessful in attracting animals on to less preferred
areas (e.g. Novellie, 1992). Secondly, residence time of animals on burnt
patches may be less than required before they return to preferred habitats
(Grunow, 1979). Lastly, in low rainfall areas burning may not be an option,
either because of an unavailability of fuel, or because of the potential
forage value of herbage in droughts.

Provision and siting of artificial waterpoints and mineral licks are further
options for manipulating animal distributions, both at paddock and landscape
scale (Mills and Retief, 1984; Knight et al., 1988). For either method to be
successful animals must be dependent on such sites for water or mineral intake
(Knight et al., 1988), and must be aware of the location of new sites. For
example, in the arid Kalahari, the closure of waterpoints forced wildebeest
out of affected areas but had no effect on springbok or gemsbuck distributions
(Mills and Retief, 1984). Both methods may, however, lead to localised range
degradation due to animal pressure around such sites. Also, as has happened
in both wildlife and pastoral areas (Sinclair and Fryxell, 1985) animal
numbers may explode in the new, previously unexploited habitat resulting in
large -scale resource degradation.

Other less orthodox methods that might include heritable patterns of habitat
or dietary selection, dietary learning, or the manipulation of social cues
(Provenza, 1991) are potential options for manipulating animal distribution
that have not yet been explored in southern Africa.
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A Return to Transhumance?

Spatial heterogeneity interacts with temporal rainfall variability increasing
rangeland complexity. In semi -arid areas this results in pulses in
productivity which are stochastic and poorly predictable in time, space and
magnitude (Ellis and Swift, 1988). Under such non -equilibrial conditions, the
traditional response has been adoption of transhumance (Sinclair and Fryxel,
1985) tracking pulses in productivity (e.g. McNaughton, 1979). Because of the
opportunity for spatial exploitation of the environment, nomadic systems can
generally support a higher carrying capacity than sedentary systems (Barnes,
1979) and also appear to be less detrimental to the vegetation (Sinclair and
Fryxell, 1985; Ellis and Swift 1988). Settled pastoralism, as is commonly
practised in developed countries, thus seems an ill- adapted form of land use
in arid rangelands. This is particularly the case in southern Africa where
ranches are relatively small, even in dry areas, minimising the opportunity
for exploitation of spatio -temporal heterogeneity in the environment. Western
land tenure systems seem to preclude the ecologically more attractive option
of communal Merino flocks tracking pulses of productivity through the South
African Karoo or the Australian outback.

Adaptive Management - a Flexible Approach in a Changing Environment

In the preceding section, we discuss in detail a number of somewhat discrete
management principles that graziers might use to cope with a changing
environment. The grazier, however, is not confronted with decisions one -at -a-
time, but must use a combination of conceptual models and principles to cope
with his own unique set of circumstances. How does he do this? All graziers
monitor, albeit in a subjective manner, both the performance of their animals
and the condition of their range. They are constantly learning from their
past successes and mistakes (and those of their neighbours), and from the
recommendations of range scientists. They then adapt their management to
incorporate what they have learnt. Essentially, what they practise is what
is termed "adaptive management" - the system of making management decisions
based on past mistakes and successes in situations where few facts are known,
but where decisions cannot be delayed (Holling, 1978; Walker & Hilborn, 1978).

We propose that adaptive range management is perhaps the best means of coping
with a changing environment. This system allows the grazier to make
management decisions in a formal, yet holistic manner, and to modify his
decisions as circumstances demand. Although he uses management principles
developed elsewhere, his decisions are tailored for his own unique set of
changing circumstances.

As an example of how adaptive management can be implemented, Stuart -Hill
(1989) presented a decision -making algorithm for commercial ranches in
southern Africa, assuming a dual grazier objective of economic viability and
environmental sustainability (Fig. 3).

Implementing such a system depends directly on three important monitoring
programmes:

1. recording performance of animals, and hence their economic performance;
2. measuring change in vegetation, and
3. recording the environmental conditions that occur and the management

decisions being taken.

If the procedure (Fig. 3) continues for long enough, and is formalised, the
grazier will develop a model specifically adapted to his ranch, without any
research necessarily having been conducted under his own unique conditions.

In conclusion, the key to successful adaptive management is an adequate
monitoring programme. Most graziers keep rainfall records, many keep records
of their animal performance, some keep records of their management decisions,
but few monitor their vegetation. Perhaps the greatest challenge for range
advisers is to convince farmers to keep well -balanced records, and to use
these in decision making.
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CONCLUSION

We have attempted to identify the nature of environmental change and its
implications for grazing management, essentially from the southern African
experience. The paper takes a traditional ecological approach in assessing
change and its implications, often ignoring changing economic environments and
socio- political conditions as major driving variables of grazier management,
and hence vegetation change.

Management decisions by graziers in southern Africa often bear little
relationship to traditional ecological considerations with economics being the
major driving force (e.g. Danckwerts and King, 1984; Danckwerts and Marais,
1989). Although the importance of economics may be taken to be self- evident,
we consider that changing economic conditions should be formally integrated
into conceptual ecological models of rangeland change. This is a major
challenge for rangeland scientists in the future.
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Figure 3. Procedure for adaptive range management (Stuart -Hill, 1989).
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THE OUTSIDERS: COMPETITION BETWEEN INTRODUCED HERBIVORES AND
DOMESTIC STOCK IN RANGELAND 'GRAZING SYSTEMS

David Choquenot

Vertebrate Pest Research Unit, NSW Agriculture, Trangie

ABSTRACT

Introduced herbivores are an important component of rangeland grazing
systems. For a variety of reasons: densities of introduced herbivores are
usually uncontrolled, their abundance being regulated through interactive
plant- herbivore processes. Because of the dominant effect of rainfall on
these processes, mechanisms affecting the potential that introduced
herbivores have to impact upon the rangelands pasture resource are complex.
Despite this, current management of introduced herbivores assumes overly
simple relationships between herbivore abundance and pasture availability.
It is argued that to develop sensible management options for introduced
herbivores, they should be recognised as another component of rangelands
grazing systems, and their influence on such systems understood. Examples
of how incorporating introduced herbivores into our understanding of
grazing system dynamics, helps identify appropriate information and
management needs, are given. These examples emphasise the role of
competition between introduced and domestic herbivores.

INTRODUCTION

This paper is about perceptions. The status of introduced herbivores in the
rangelands as pests stems from two perceptions:

1. Introduced herbivores do not belong there

2. The presence of introduced herbivores in the rangelands threatens
something we value.

The first of these perceptions represents an ideological judgement about
which animals belong in which settings. I will not discuss it further.
Rather, I will focus on the perception that introduced herbivores in the
rangelands threaten something we value and confine my comments to the
perception that introduced herbivores reduce agricultural production in the
rangelands by competing with stock for feed.

Introduced herbivores as competitors with stock

The current approach to the management of introduced herbivores is based on
the perception that they reduce agricultural production through direct
competition with domestic stock. Further, current recommended management
practices implicitly assume that competition between introduced and
domestic herbivores occurs in a "range succession" context. Range
succession -style lines of thinking are used to argue that decreasing the
abundance of introduced herbivores will increase pasture available to
domestic stock, thereby increasing agricultural productivity. This sequence
of associations gives rise to the basic philosophy underlying current pest
management; "less pests is better ". Two related axioms rounding out current
approaches to pest control are

(1) reductions in pest abundance will return a commensurate increase in
productivity, and

(2) that eradication should be the logical endpoint to pest management.

However, environmental fluctuation (primarily unpredictable variation in
rainfall) in the rangelands complicates the notion of competition for a
common food resource. If variation in the abundance of the food resource
has more to do with variation in rainfall than with grazing pressure,
competition will be as much a function of prevailing seasonal conditions as
the absolute abundance of introduced herbivores.

To determine the magnitude of competition between introduced and domestic
herbivores in the rangelands, the grazing system within which they compete
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for pasture, and the factors which drive it, must be understood. The rest
of this paper discusses what we know about rangeland grazing systems, and
what implications the dynamic nature of these systems has for competition
between introduced and domestic herbivores.

The dynamics of rangelands grazing systems

The abundance of introduced herbivores will usually vary with seasonal
conditions as these affect available vegetation. The abundance of
vegetation varies with the rainfall supplied to it, and the demands placed
upon it by grazing. Similarly, the number of the herbivores feeding on the
vegetation source will vary, often spectacularly, in relation to vegetation
abundance. (Fig. 1) When a herbivore is introduced into a new environment,
there is an initial eruption in its abundance in response to high
vegetation availability, followed by a precipitous crash as the herbivores
eat themselves out of house and home. In many real instances this crash is
severe enough to lead to extinction of the introduced herbivore. In other
instances, such as that shown in Fig. 1, the decline in herbivore abundance
eases grazing pressure on the vegetation enough to allow its partial
recovery. A series of reciprocal oscillations in vegetation and herbivore
abundance follows, leading to a stable equilibrium between plants and
animals. At this point, there is no surplus of vegetation, all productivity
being consumed in maintaining the population of herbivores. In reality,
environments constant enough to lead to some long -term, stable equilibrium
between plants and animals probably do not exist. More commonly vegetation
and herbivore abundance will continue to oscillate in a reciprocal fashion
in response to environmental fluctuation. The amplitude of such
oscillations will depend upon the degree of variation in rainfall and the
biology of the plants and herbivores comprising the grazing system.

3

10 20 30
Years

40 50

Figure 1. Modelled trend of pasture biomass and animal numbers during
an eruption of herbivores (from Caughley 1976).

In the Western Division of NSW between 1860 and 1984, sheep numbers erupted
then stabilised as expected during a successful herbivore introduction
(Fig. 2). The high degree of variation around long -term sheep abundance
reflects fluctuations in stocking rates related primarily to rainfall, but
also to commodity prices. Wide variation in the abundance of herbivores is
a feature of semi -arid rangeland grazing systems, reflecting the influence
of unpredictable patterns of rainfall on variations in pasture biomass and
herbivore abundance. Extreme variation characterises long -term trends in
abundance of native and introduced herbivores in the Australian rangelands.
For example, a model simulating 100 year runs of variation in kangaroo and
pasture abundance in western NSW (Caughley 1987b) returns a coefficient of
variation of 64% in annual average kangaroo abundance. Another example, is
the extreme variation in the abundance of three controlled feral pig
populations in north -western NSW over four years. (Fig. 3)
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Figure 2. Trend in sheep numbers in the rangelands of NSW between
1860 and 1984 (from Caughley 1987a).
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Figure 3. Variation in the abundance of three controlled feral pig
populations in north -western NSW (Choquenot unpubi. data).
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How do herbivore populations, introduced or otherwise, persist under
conditions of such extreme rainfall variation? Caughley (1976) identified
three negative feed back loops which define the nature of interaction
between plants and herbivores in grazing systems:

1. Parabolic Plant Productivity

Plant growth is essentially logistic. For given levels of rainfall,
plant growth will ultimately be limited by available space, leading
to a density- dependent feed back loop where productivity is
parabolically related to standing biomass (Fig. 4a). Parabolic plant
productivity has the effect of placing an upper limit on pasture
productivity when rainfall is abundant and grazing pressure light.

2. The Functional Response

The intake rate of a herbivore is a function of available vegetation.
Intake rate is suppressed at low vegetation biomass through the
herbivores inability to find and /or consume available vegetation.
Intake rate increases to a maximum or saturated rate as vegetation
becomes more available. Beyond the point where intake rate becomes
saturated, further increases in vegetation biomass will not improve
intake rate (Fig. 4b). The functional response has the effect of
lowering the intake rate of each herbivore as pasture becomes
progressively harder to find, and placing an upper limit on intake
rate when vegetation is abundant.

3. The Numerical Response

The exponential rate of increase in herbivore abundance is a function
of available food. Rate of increase will be negative at low
vegetation biomass, increasing to a genetically set maximum rate of
increase (the intrinsic rate of increase) at progressively higher
vegetation availability (Fig. 4c). The numerical response has the
effect of decreasing herbivore abundance at an increasing rate as
vegetation becomes scarcer, and placing an upper limit on the maximum
rate of increase in herbivore abundance when vegetation is abundant.

Under certain biological conditions of vegetation and herbivore population
dynamics, these three functions can provide enough stability in a grazing
system to allow the plants and herbivores to persist in the face of extreme
environmental variation. For example, in estimating the processes involved
in the regulation of a red kangaroo population grazing chenopod shrubland
pastures, Caughley (1987b) found that the three feedback loops enabled the
grazing system to persist in the face of extreme rainfall variation.
Persistence in this case means that neither pasture nor kangaroos went into
terminal decline, or unrealistic infinite phases of growth. Although
variation in pasture biomass was primarily driven by rainfall, grazing by
kangaroos "tended to clip the tops off the peaks of pasture production and
deepen the troughs ". That is, kangaroos, via the functional and numerical
responses, tended to suppress further pasture growth when production was
high and drive pasture biomass to lower levels during droughts. The
potential for competition between kangaroos and sheep is not a function of
absolute kangaroo abundance, but of their abundance in relation to
available pasture. In the same fashion, pasture off -take by introduced
herbivores will be a product of their abundance and their rate of intake,
both of which will vary according to available pasture. Estimates of
introduced herbivore abundance in the absence of information on available
pasture biomass tell us nothing about the potential for competition with
domestic stock.
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(a)

Vegetation Biomass
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Figure 4. (a) Parabolic plant productivity indicating how vegetation
productivity varies as a function of vegetation biomass, (b) the
functional response relating intake rate of a herbivore to available
vegetation, (c) the numerical response relating the exponential rate
of herbivore increase (r) to vegetation biomass.

Competition between introduced and domestic herbivores

Competition for food between herbivores occurs when an individual
suppresses the rate of food intake of another, and /or affects its ability
to select an adequately nutritious diet. Competition can be intra- or
interspecific and can take the form of a suppression of food intake rate
through direct interference with another grazing animal, or more commonly,
through reduction of pasture biomass to levels where intake rate declines,
or diet selection is inhibited. Competition between introduced and domestic
herbivores may or may not be commercially significant, depending upon the
value of the reduction in productivity involved. Some examples illustrating
these points follow:

Rabbits and sheep in the semi -arid rangelands

Despite the lack of unequivocal data, rabbits continue to be blamed for
reducing wool production in the rangelands through competition with sheep.
The perception is that rabbits consume pasture which, in their absence,
could be used to grow wool. Williams (1991) analysed two unpublished
studies conducted specifically to measure the effect of rabbits on wool
production. In one study conducted in far western NSW by D.H. Wood of
CSIRO, intensive rabbit control led to no increase in the weight of clean
fleece produced by sheep (Table 1). In the other trial, conducted in the
central tablelands of NSW by J.D. Croft of NSW Agriculture, only extremely
high densities of rabbits (equivalent to 50 rabbits /ha) had any measurable
effect on wool production. Such high rabbit densities are unknown under
rangelands conditions.
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Kg fleece /head

Property Year Rabbits No rabbits

Calinday 1988 2.8 2.8

II 1988-89 4.7 4.9

Tero 1988 2.6 2.2

It 1988 -89 4.3 4.2

Table 1. Average fleece weight (kg /hd) for sheep run on paddocks
following intensive rabbit control and no control, on two properties
in western NSW. (Data is from an experiment by D.H. Wood reported in
Williams, 1991).

Williams (1991) suggested that the two experiments failed to indicate any
apparent competition between rabbits and sheep because good seasonal
conditions prevailed throughout the course of the experiments. He pointed
out that the functional response of rabbits and sheep estimated by Short
(1985) indicated both species maintained maximum pasture intake rates down
to a pasture biomass of around 250kg /ha (Fig. 5). Above this level,
competition cannot, by definition, occur. If both experiments occurred
while pasture was abundant enough to ensure unrestricted grazing for all
herbivores, no effect of rabbits on fleece growth would be expected. Hence,
while pasture biomass remains above 250kg /ha, rabbits cannot affect wool
growth and management will be of questionable value. However, what happens
when biomass falls below this threshold is far from clear.
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Figure 5. The functional response of sheep (S) and rabbits (0)
grazing chenopod shrubland pasture (after Short 1985).

A simulation model can be used to demonstrate that under rainfall
fluctuations which could be expected over 50 years in the far west of NSW,
the biomass of pasture on a grazing lease set stocked with 0.3 sheep /ha and
grazed by uncontrolled densities of kangaroos, will be below 250kg /ha for
about 45% of the time (Fig. 6) . This suggests that while most of the time
pasture biomass in this part of the rangelands will be high enough to
preclude competition between rabbits and sheep, the potential for
competition exists over a significant proportion of time.
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Figure 6. Modelled variation in biomass for a shrubland pasture in western
NSW grazed by sheep set stocked at 0.3 sheep /ha and uncontrolled numbers of
kangaroos. The straight line indicates pasture biomass of 250kg /ha, below
which competition between rabbits and sheep can occur.

Is the competition between rabbits and sheep which occurs at levels of
pasture biomass below 250kg /ha commercially significant? Because rabbits
are obviously much smaller than sheep and intake rate scales to the
metabolic body weight of grazing animals, actual levels of competition
between sheep and rabbits will be largely limited by rabbit abundance. To
explore potential levels of competition between rabbits and sheep further,
the simulated grazing system described above was extended to include
rabbits at different densities. The percentage of pasture available per
head of sheep which would be consumed by rabbits "stocked" at densities of
2, 5, 7 and 10 /ha, as well as a system where rabbit abundance varied
according to seasonal conditions, was estimated quarterly. These simulated
grazing systems were again run over 50 years for each level of rabbit
density, and the results from 5 runs averaged (Table 2).

% Available pasture /sheep consumed by rabbits

Rabbits /ha Quarters
<Maint.

Average SD CV% Maximum Minimum

2 13.6 1.69 0.11 6.51 3.71 0.77

5 11.0 4.15 0.22 5.30 9.87 1.91

7 10.2 5.80 0.31 5.34 12.66 2.72

10 12.0 8.32 0.49 5.89 18.77 3.59

Variable* 14.0 1.14 0.13 11.4 5.16 0.14

Rabbit density was varied according to the numerical response: -0.0045Vy g ponse: r = -Z. 7 +3.97(1 -e )

Where r is the exponential rate of population increase and V is the prevailing pasture biomass. The
response is based on a maximum annual exponential rate of decrease of 2.7 (Robertson & Armstrong cited
in Short, 1987), and increase of 1.27 (calculated from body weight as described by Caughley & Krebs,
1983).

Table 2. Summary of a series of simulations examining variation in
the percentage of pasture available to sheep which is consumed by
rabbits at different densities. The simulations use stochastic
rainfall input to drive a grazing system comprising uncontrolled
numbers of kangaroos and sheep set stocked at 0.3 sheep /ha. All
statistics given are quarterly averages across 5 runs of 50 years
each, except Quarters<Maint which gives the average number of
quarters (out of 200) where pasture biomass was insufficient to
maintain the sheep flock (Choquenot in prep.).
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While the percentage of pasture available to sheep that was consumed by
rabbits increased with rabbit density, average absolute impact on available
pasture was low ( <10% available pasture consumed). According to these
simulations, competition from rabbits appears to have a only minor effect
on average levels of pasture available to sheep or on the frequency with
which available pasture fell below that required for flock maintenance.
Although data relating long -term variation in pasture biomass to wool
production in the rangelands are unavailable, it seems unlikely that the
levels of pasture potentially consumed by rabbits would cause commercially
significant decreases in wool production. Estimates of rabbit density given
by Wood et al. (1987) for 17 rangelands locations range from 0.02 to 3.75
rabbits /ha (presumably estimates of 0 rabbits /ha were not included), with
an average of 1.54 rabbits /hat. At such densities the impact of rabbits on
wool production through competition for pasture would likely be
commercially insignificant. Coincidence of high rabbit density and low
pasture biomass may elevate the degree of competition between rabbits and
sheep to commercially significant levels at particular times. However,
densities of rabbits decline rapidly in droughts, suggesting significant
competition with sheep would only occur over the short -term.

The perception that continual suppression of rabbit abundance to increase
wool production represents an economically sensible management strategy, is
questionable on the results of the simulation modelling presented here.
However, the experiment of Wood described by Williams (1991) should be
repeated under a range of pasture biomass conditions and using a range of
rabbit densities in order to test the predictions of these simulations. The
low level of competition for pasture between rabbits and sheep is a
function of the smaller body size of rabbits and their propensity to
decline rapidly in abundance in periods of food shortage. Would a larger
more robust herbivore such as feral goats impact more significantly on wool
production than do rabbits? Few useful data are available to judge the
likely effect of competition between goats and sheep. However, what
information is around suggests the potential for competition is higher for
goats than for rabbits. Recent surveys have indicated that while the
abundance of all wild herbivores has declined markedly through the recent
drought in western NSW, preliminary estimates of the exponential rate of
decrease in goat abundance (a =1.33) has been substantially less than that
estimated for feral pigs (a =2.24) or red kangaroos (a= 1.60). This has led
in some areas to densities of goats in excess of red kangaroo abundance. It
is likely that goats have a slower rate of decline because their diets
include a significantly higher browse content than either rabbits or
kangaroos. This ability means goats will be able to maintain higher levels
of abundance in relation to available pasture. Information on the
functional and numerical response of goats in the semi -arid rangelands is
required if the significance of their competition with sheep is to be
ascertained, and sensible decisions about their management made.

Feral donkeys in northern Australia

The other form of competition between herbivores involves modification of
vegetation composition by one herbivore which reduces the quality of food
available to another. In this instance, it is not prevailing pasture
biomass alone which influences the degree of competition between the
herbivores, but also the degree of dietary overlap at varying levels of
pasture availability. Freeland & Choquenot (1990) and Choquenot (1991)
describe the dynamics of feral donkey populations occurring in the tropical
tallgrass savannas of northern Australia. At high densities, the size of
these populations becomes limited by the inability of females to
successfully rear their young. High juvenile mortality is directly related
to inadequate mineral reserves (primarily calcium, phosphorous and
potassium), which inhibit successful lactation and weaning of offspring
(Fig. 7). Females in high density populations consume a species poor diet
which is low in nitrogen and mineral nutrients, and high in crude fibre.
These females are unable to extract adequate nutrients from their diet

'An extreme estimate of 29 rabbits / ha obtained using a different survey technique was excluded
from these calculations.
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because of its high fibre content (Fig. 8). Indeed, the high fibre content
of their diet may lead to accelerated depletion mineral reserves of females
by increasing salivary secretion and gastrointestinal irritation. In
contrast, female donkeys from populations which have been reduced below
densities where dietary quality is limiting, consume a species rich, low
fibre diet. These females are in better nutritional condition than their
counterparts at high population density and successfully rear almost three
times as many offspring, leading to an exponential rate of population
increase of x-0.21 (Choquenot 1990). It is likely high donkey densities
lead to a decline in the overall quality of forage available to other
herbivores as well as themselves, while lower donkey densities may increase
the quality of available forage.
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Figure 7. Concentrations of minerals in the caudal vertebrae of
female donkeys from growing populations (low density) and populations
at carrying capacity (high density). Values are averages with
associated 95% confidence intervals (from Freeland & Choquenot 1990).

The tropical savannas of Australia's northern rangelands are fundamentally
different from semi -arid western NSW. In northern Australia the monsoon
initiates an annual flush of high quality pasture at the beginning of each
wet season. While this flush of pasture is in excess of what can be
consumed by herbivores, high growth rates of grasses last only over the
first 8 - 10 weeks of the wet season (Mott et al. 1985). Nitrogen and
phosphorous contents of green material fall from 2.0% and 0.15% at the
start of this growth phase to 1.0% and 0.08% respectively at its end.
Hence, grazing systems in this region undergo a tight regular annual cycle
of boom and bust. The boom occurs irrespective of prevailing grazing
pressure. The bust on the other -hand varies in its relative severity
according to the grazing pressure being exerted, its effect on donkeys
being mediated through density dependent intra- specific competition for the
more nutritious forage species as the dry season progresses. The degree of
competition between feral donkeys and cattle (inter- specific competition)
will ultimately depend upon the magnitude of their shared preference for
forage species during the late dry season when forage availability is
lowest. Whether interspecific competition is commercially important to beef
producers, and whether donkey control significantly increases beef
production is unknown. While rabbits and sheep share preference for more
nutritious plants in the semi -arid rangelands, sheep by virtue of their
greater body size are able to tolerate decreasing dietary quality through
forced consumption of less palatable species into droughts.
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Implications for changing grazing management

"Introduced herbivores eat grass that I could use to grow more wool/meat;
therefore they are pests ". Hopefully the discussion so far has laid this
overly simplistic notion open to serious question. Competition for pasture
resources in rangelands environments involves a series of complex
interactions between grazers and the vegetation they live on, made less
comprehensible by the vagaries of rainfall.

Historically, management of introduced herbivores in the rangelands has
focussed on maximising the number of individuals killed or removed.

Typically the motivation for control is a perceived increase in the
abundance of the pest species, and the associated perception that the
pasture resource is under some threat. The success or failure of such a
control program is assessed in terms of the numbers of animals found dead,
or the amount of poison or ammunition used. This approach implicitly
ignores the real purpose of such management, increasing agricultural
productivity and /or sustainability by increasing pasture biomass and
quality. Changes in these factors will represent more useful criteria for
initiating pest control and assessing a program's success. Ultimately, the
success or failure of a management program will depend on whether real pest
impacts on productivity and /or pasture biomass and composition are
effectively reduced or not. In a commercial setting such as an agricultural
production system, this will involve equating the costs of pest control
with the measurable benefits of control in terms of increased productivity.
In public good settings (environmental protection or sustainable
development situations), measures of increased productivity should be
replaced with some definable and measurable slowing or reversal in
degradation trends. Change in the direction or degree of degradation trends
might be assessed in terms of rates of species or individuals lost to an
ecosystem, rate of change in vegetation cover, rate of soil loss or
increased water quality. In all circumstances costs and benefits of
management should be measured over a time -scale appropriate to changes in
the specific measure of management success and our ability to measure such
changes.
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Control of introduced herbivores should be viewed as another component of
grazing pressure management, for enhanced agricultural production, better
land protection, or more efficient native species conservation. An
understanding of the grazing systems which introduced herbivore populations
are a part, not just the dynamics of herbivore population itself, is
essential in making rational management decisions. This information can be
obtained by undertaking experimental manipulations of introduced herbivore
density, and measuring appropriate responses in terms of increased
agricultural production or reduced rates of land degradation.
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ABSTRACT

The spatial distribution and relative abundance of sheep, goats and
kangaroos were assessed from extensive dung surveys following dry and wet
periods in two paddocks in the rangelands of north -western New South Wales.
The average total grazing densities in the two paddocks were 0.53 and 0.29
hectares per sheep equivalent, compared with an accepted regional average
of 0.25. Sheep accounted for less than half of the total density and goats
for much of the remainder. Goat densities were much higher than indicated
in a recent survey of pastoralists' perceptions. The pattern of

distribution of sheep and goats was closely correlated in both paddocks,
but there was little evidence of association between sheep and kangaroos.
The pattern of distribution of dung was not uniform or easily predictable,
but showed variable associations with distance from water, vegetation
preference and cover.

INTRODUCTION

Overgrazing can undoubtedly lead to degradation of rangeland pastures.
Pastoralists are generally aware of this and, where possible, adjust
numbers of livestock to match perceived carrying capacities of pastures
under different seasonal conditions. But livestock are seldom alone in
utilising rangeland pastures. In the semi -arid woodlands of eastern
Australia there are also medium to high densities of feral goats and native
kangaroos. This paper is a preliminary report from a study of the
distribution of these animals and their relative contribution to the total
grazing impact in operational paddocks in this region.

METHODS

Surveys of animal dung and vegetation were conducted twice in each of two
paddocks, "New Bore" and "Crossroads ", in the Wanaaring district of north-
western New South Wales. "Dry period" surveys were conducted in November -
December 1991, following less than 4mm of rain in the preceding four
months; "Wet period" surveys were conducted in April 1992 after more than
100mm. The annual average rainfall for the district is about 230mm. Both
paddocks have only one permanent watering point.

New Bore consists of about 2400ha of sandplains and dunefields with patchy
vegetation dominated by gidgee (Acacia cambagei), rosewood (Heterodendron
oleiofolium), ironwood (A. excelsa), poplar box (Eucalyptus populnea),
hopbush (Dodonaea viscosa) and turpentine (Eremophila sturtii). Mean cover
of trees is about 5 %; shrub cover tends to be bi -modal at either 6% or 15 %.
The dominant ground cover is woollybutt (Eragrostis eriopoda), though
wiregrasses (Aristida spp.), copperburrs (Sclerolaena spp.) and other small
chenopods are locally common. Mean ground cover ranged from about 5% in
the dry period to about 13% following the wet period.

Crossroads consist of about 6110ha of rolling downs, dominated by extensive
mulga woodlands, generally A. aneura, but changing to bastard mulga (A.

clivicola ?) on silcrete ridges. Other common woody species include
harlequin fuchsia (E. duttonnii), poplar box, whitewood (Atalaya
hemiglauca), leopardwood (Flindersia maculosa), punty bush (Cassia
nemophila), turpentine, budda (E. mitchellii) and hopbush. Mean cover of
trees is about 8 %, and modal shrub cover is about 1 %. The ground cover
consists mostly of ephemerals and scattered, heavily grazed grass butts;
its mean cover ranged from about 1% in the dry period to 2% following the
wet

Sheep, goat and kangaroo dung that retained a patina (and was therefore
less than 80 days old) was counted in two metre swathes along parallel
transect lines that crossed the paddocks at one kilometre intervals. The
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counts were recorded at 250m intervals, for pellet -groups, and excluded
accumulations of dung in animal camps. Verified samples were collected
weekly for three months prior to each survey, to determine decay patterns
and average (oven dry) weights of pellets per pellet -group for each
species.

Animal densities were estimated from the ratios of weights of pellet -
groups. Goat pellet - groups weighed 0.6 as much as those from sheep,
compared with 0.7 for kangaroos. These ratios were used to convert dung
counts to "sheep- equivalent" values, which were then used to calculate
approximate animal numbers, standardised against the number of sheep that
the graziers estimated to have been in the paddocks. During the 1992
surveys, numbers of animals sighted from the transect lines were also
recorded, as a rough check of the relative accuracy of dung counts.

A sheep activity index was calculated for each 250m x 2m quadrat, from the
equation used in the Paddock module of RANGEPACK, a decision - support system
for rangeland properties. The index is sensitive to distance from water,
distribution of preferred vegetation, wind direction and water salinity.

RESULTS

Animal densities

Sheep accounted for less than half the total density of grazing animals in
both paddocks, and goats accounted for far more of the remainder than did
kangaroos in three of the four counts (Table 1).

Animal distributions

The numbers of sheep pellet -groups per quadrat were strongly correlated
with the numbers of goats, but only weakly correlated, if at all, with the
numbers of kangaroos (Table 2); sightings of animals were in general
agreement with this finding, although we saw more goats than expected from
the dung counts.

A suite of quadrat variables was tested for correlation with quadrat dung
counts for the different animals. These included estimated cover of
dominant plant species, both alone and in combination, calculated
vegetation preference ratings, distance from water, and predicted activity
indices.

The highest correlation measured (r =0.43, P<0.01) was for New Bore in the
dry, between the density of sheep dung and the vegetation preference
rating, which was based on cover, palatability, accessibility, shadiness
and succulence of the dominant species in each quadrat. Vegetation
preference was also significantly correlated (P<0.02) with the density of
sheep dung in Crossroads, both in the dry (r =0.25) and wet (r= 0.18), and
with the total density of all animals in both paddocks (r =0.39 for New Bore
in the dry and 0.30 for Crossroads during both periods).

Both sheep and goat dung were significantly correlated with various
measures of woody cover in Crossroads. During the dry period highest
correlations were with total tree cover (r =0.29 for sheep, 0.41 for goats;
P,0.01). Following the wet period, this correlation remained high for
goats (r =0.36, P<0.01), but was no longer significant for sheep (P>0.05);
the best correlate for sheep dung at this time was ground cover (r =0.32,
P<0.01).

Distance from water was significantly (P<0.02), but weakly correlated with
distribution of sheep dung in Crossroads during both seasons (r =0.28 in the
dry and 0.25 in the wet). Although there was no linear correlation between
sheep dung and distance from water for New Bore, there was a significant
polynomial regression for the dry season data (r =.46); sheep dung increased
with distance from water for the first 3 kilometres and decreased
thereafter.

The predicted activity index was correlated with sheep dung in New Bore
during the dry (r =0.31, P<0.01), but not on other occasions.
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Although there were other significant correlations between variables, none
was consistent for the same animal in different paddocks or during
different periods.

Table 1. Estimated stocking densities in both paddocks. Graziers'
estimates are asterisked; all other animal numbers are calculated from dung
counts standardised against these values. Sheep equivalents were converted
to individual counts by assuming that a goat or kangaroo is equivalent to
0.7 sheep.

a) New Bore Paddock

Animal Season

Animal numbers
(sheep
equivalents)

Animal
numbers
(individuals)

Density
(Sh.
eq. /ha)

% Total
density

sheep dry 700* 700* .29 46

goat 468 669 .19 31

red kangaroo 143 204 .06 10

grey kangaroo 196 280 .08 13

Total dry 1507 1853 .62 100

sheep wet 500* 500* .21 49

goat 243 347 .10 23

red kangaroo 205 293 .08 19

grey kangaroo 90 129 .04 9

Total Wet 1038 1269 .43 100

b) Crossroads Paddock

Animal Season

Animal numbers
(sheep
equivalents)

Animal
numbers
(individuals)

Density
(Sh.
eq. /ha)

% Total
density

sheep dry 1000* 1000* .16 45
goat 849 1213 .14 40
red kangaroo 127 181 .02 6

grey kangaroo 158 226 .03 9
Total dry 2134 2620 .35 100
sheep wet 600* 600* .10 44
goat 685 979 .11 51

red kangaroo 43 61 .007 3

grey kangaroo 24 34 .004 2

Total Wet 1352 1674 .22 100

Table 2. Correlation
quadrat for different
right of each matrix
indicate significance

a) New Bore

coefficients for the number of pellet- groups per
animals. Dry season values are shown in the top

and wet season values in the bottom left. Asterisks
levels <0.05.

Sheep Goat Red kangaroo Grey kangaroo
Sheep
Goat

Red kangaroo
Grey kangaroo

1

.85*

.07

.13

.36*

1

.15

.01

.13

.12

1

.27*

.15

.08

.32*

1

b) Crossroads Sheep Goat Red kangaroo Grey kangaroo
Sheep.

Goat

Red kangaroo
Grey kangaroo

1

.56*

.10

.06

.83*

1

.35*

.06

.30*

.27*

1

.07

.35*

.22

.46*

1
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DISCUSSION

Animal densities

Sheep were responsible for less than half the estimated density of grazing
animals monitored in this study (Table 1). Thus although New Bore was
running sheep numbers similar to the regional average of 0.25 sheep /ha
(Gibson and Young 1988), the real stocking density was up to two and a half
times this level. Although the ground cover in the paddock responded
reasonably well to rain, it is questionable whether its productivity can
remain sustainable for very long under such high total stocking pressures.
The manager has recognised this, and embarked on an intensive program of
goat control.

Crossroads, which had very little ground cover in either season, was very
conservatively stocked, with sheep numbers well below the regional average
in recognition of its sparse ground cover. Despite this the total grazing
density was nearly one and a half times the regional average during the
driest period; this may partly account for the paddock's poor response to
rainfall during the study.

Goats were the main competing grazer in these two paddocks, particularly in
Crossroads. Even in New Bore paddock with its higher ground cover,
kangaroos were responsible for only about a quarter of the total stocking
pressure. This is contrary to regional perceptions ascertained in 1988 by
Gibson and Young. At that time a survey of 52 pastoralists in the
Wanaaring district showed that most of those surveyed rated kangaroos as a
major constraint to livestock production, but few cited goats as a
perceived problem. During out study goat density was 0.14 sh.eq. /ha,
nearly double that of kangaroos. Goat numbers have apparently increased in
recent years (graziers' observations), but the discrepancies between recent
perceptions and current reality are sufficiently large to indicate cause
for concern.

The derivation of animal densities from dung counts assumes that an
equivalent unit of food is converted to an equivalent weight of dung,
regardless of species. Kangaroos and sheep have similar digestive
efficiencies and food intakes, although kangaroos digest less fibre in high
fibre diets (Edwards 1989). Thus kangaroo dung may weigh slightly more
than the dung produced by sheep from an equivalent intake; if this is so
our estimates of kangaroo densities may be rather high. None - the -less, our
estimates were very similar to those of graziers in our study region
(Gibson and Young 1988) and well within the range of broad -scale estimates
(Caughley et. al. 1977).

While less is known of the relative digestive efficiencies of sheep and
goats, goats are likely to have higher metabolic efficiencies than sheep on
a browse -rich diet. Under these circumstances, our estimates of goat
densities are likely to be rather low, since goats may be expected to
produce lower weights of dung from equivalent food intakes. This accords
well with our own observations of their relative numbers, and with numbers
of goats mustered from New Bore Paddock: 1400 were mustered and removed
from the paddock during the period of our study, compared with our
estimated total of about 1000 (Table 1). Thus the errors inherent in our
calculations of animal numbers mean that the pattern of relatively low
kangaroo numbers and very high goat numbers may be even greater than we
have estimated.

Animal distributions

The distribution of sheep and goat dung was strongly correlated in both
paddocks and seasons during the survey (Table 2), indicating considerable
potential for competition between these animals. The distribution of red
and grey kangaroos was also often correlated, a pattern borne out by
observations in favoured feeding areas (Landsberg, unpublished). However,
there was little evidence of association between kangaroos and sheep or
goats, particularly in New Bore Paddock where kangaroo numbers were much
higher (Tables 1 & 2). Thus there does not appear to be any consistent
overlap or separation between sheep and kangaroo distribution within these
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paddocks. However, the low numbers of kangaroos in Crossroads Paddock
relative to New Bore, and other observations in the district, suggest that
densities of kangaroos may be very low in paddocks with large numbers of
sheep and goats and /or low ground cover.

The patterns of distribution were not uniform or consistently predictable
for sheep, goats or kangaroos. Distribution of sheep dung was correlated
with distance from water, but the associations were weak and the patterns
complex. Although there were some correlations with vegetation preference
and cover, the correlations were variable between animals, paddocks and
survey periods, and never explained more than 20% of the variance in dung
distribution.
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Department of Environment and Planning, G.P.O. 667, Adelaide, S.A. 5001
2formerly of Pastoral Management Branch, now with Environment Division.

ABSTRACT

Setting long term stock carrying capacities for arid rangelands is a problem
faced by many arid land administrators throughout Australia. Large
fluctuations in seasonal conditions, highly variable land types and various
condition states are some of the factors that influence the capacity of the
land to carry stock. In South Australia the new Pastoral Land Management and
Conservation Act 1989 provides a legislative framework for the evaluation of
carrying capacities based on objective scientific assessment of land
condition. Management practices and stocking rates of leases assessed as being
in good condition provide evidence of long term carrying capacities of various
pasture types throughout a district, and these leases are used as benchmarks
for establishing land management guidelines for the district. A critical
component is the assessment of land condition. The methodology developed and
applied in the first district to be assessed is described, and could be
adopted for use in other rangeland environments.

INTRODUCTION

Community concerns over the condition and administration of the pastoral
leasehold lands in South Australia in the 1980's led to a radical revision of
the legislation, and culminated in a new Pastoral Land Management and
Conservation Act 1989 (PLMC Act), which incorporates clear landcare objectives
whilst also providing for pastoral continuity. The major changes are to rent,
public access, and tenure, with a new 'rolling' form of pastoral lease that
is conditional upon the lessee maintaining and improving land condition.

The strong emphasis on land condition is reliant on an objective measure of
the condition of the land, and the Act specifies that scientific principles
must be used and that an assessment of the capacity of the land to carry stock
must be included. An important factor in determining the methodology to be
used was the right of appeal (Section 54) of a lessee if dissatisfied with a
decision to vary the conditions, or not to extend the term, of a pastoral
lease. Consequently the methodology must be defensible in a tribunal
situation, and must therefore strictly follow the objects and requirements of
the Act.

The lease must also include a stock maximum; however, the lessee may apply to
the Board at any time for an increase above this specified level. Under the
previous Pastoral Act, stock maxima were based on a rated figure (upon which
rent was paid). Each maximum represented the rated figure (an estimate of the
potential capacity of the land to carry stock when fully developed), plus a
25% allowance to allow lessees "room to move" during favourable seasonal
conditions. Subsequent examination of these calculated maxima has revealed
that they varied from 10% to 104% above the rated figure, and do not represent
the actual sustainable carrying capacity of the land. Land condition was not
a determining factor under the previous Act, consequently the new legislation
provides a framework for adjusting stock maxima according to land condition.

This paper briefly outlines the methodology used to assess land condition and
the capacity of the land to carry stock, to meet the requirements of the PLMC
Act. A more detailed paper is in preparation for submission to the Rangeland
Journal.

Objectives of the Act

The Objects (Section 4) and other sections of the PLMC Act provide the legal
charter and instructions about what is required of an assessment of the land.
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The PLMC Act has the following land care objectives:

* to ensure that all pastoral land in the State is well managed and
utilized prudently so that its renewable resources are maintained
and its yield sustained

* to provide for :-

the effective monitoring of the condition of pastoral land;
the prevention of degradation of the land and its indigenous
plant and animal life;
and the rehabilitation of the land in cases of damage.

The Act defines degradation of the land as "a decline in the quality of the
natural resources of the land resulting from human activities on the land ".
Rehabilitation of degraded land means "to bring the land back to at least the
condition it was in before its degradation, having particular regard to its
capacity to carry stock and its level of soil stability ".

The lessee has a duty (Section 7) to use good land management practices,
prevent degradation of the land and to endeavour, within the limits of
financial resources, to improve the condition of the land. They also have
related and more explicit duties in connection with the Soil Conservation and
Land Care Act, 1989.

Tenure provisions

Tenure provisions under the new Act include a 'rolling' 42 year lease, whereby
the lease is assessed to determine its land condition every 14 years. Provided
the lessee has not wilfully breached a condition of the lease resulting in,
or likely to result in, degradation of the land, then the lease term is topped
up from the remaining 28 years to a full 42 years. Land management conditions
of the lease may also be varied every 14 years.

Section 43 of the Act provides for further protection of the land whereby the
Board may direct the lessee to take action to prevent degradation of the land,
e.g. to destock certain paddocks. There is no right of appeal under this
section.

Assessment of land condition

Requirements of the Act

To be defensible in a tribunal the methodology used to assess land condition
must strictly follow the directions of the Act. The Act specifies (Section
6) that the assessment of the condition of the land must :

* be thorough
* include an assessment of the capacity of the land to carry stock
* be conducted in accordance with recognised scientific principles
* be carried out by persons who are qualified and experienced in

land assessment techniques.

The Objects refer to the indigenous plant and animal life, consequently there
is a requirement to assess at the plant species level to determine to what
degree the indigenous plant communities have been degraded or removed. It is
important to note that replacement of indigenous species by introduced species
is an example of degradation under this Act. Additionally, the composition of
indigenous communities may be degraded under stock grazing by the replacement
of palatable perennial plants with unpalatable species.

In the chenopod shrublands of S.A., the degradation sequence has long been
specified in literature from the pastoralists themselves. There are no
fundamental differences between sequences recognised here, and in historical
pastoral literature.
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The assessment of the condition of the various pasture types involves defining
what constitutes an intact or un- degraded state, not harmed by human
activities on the land, and deciding on the criteria that indicate to what
degree disturbance has occurred to the indigenous plant life. The PLMC Act's
emphasis on indigenous plant species largely determines an on- ground approach
as it is necessary to ascertain the mix of plant species and to determine if
seedlings are present whereby the land has a capacity to rehabilitate to its
former state. It is for this reason that remote sensing techniques are not
appropriate to determine land condition according to the Act, however such
technology is used for mapping and highlighting areas where apparent cover
changes have occurred.

The process of lease assessment involves a preliminary reconnaissance survey
by senior scientific officers to determine pasture types and condition
criteria. This is followed by a training period for field staff to become
fully competent in using these criteria in assessing the various land
condition states, before commencing the individual lease assessment programme.
Suitably qualified staff were recruited in 1990 and have been further trained
to ensure they are experienced in the land assessment techniques prescribed
by the Senior Officers. The ten field staff work in teams of two on allocated
leases, generally spending two weeks on each lease assessing land condition,
setting up a baseline monitoring system, and describing and mapping land
systems.

Reconnaissance Survey (by Senior Officers)

The purpose of this survey is to:

* identify the various pasture types ( e.g. chenopod shrublands, low
woodlands) and the sub -units called pasture components (e.g. saltbush
Atriplex vesicaria / bluebush Maireana sedifolia calcareous plains)
that make up these pasture types within the district

* determine the criteria that will be used to identify three condition
classes (1 = severely degraded, 2 = degraded and 3 = near intact)
within each pasture component.

Only three land condition classes are described as this limits the number of
choices and therefore reduces possible observer errors between the five
assessment teams. To avoid the influence of seasonal changes and drought, the
criteria are based primarily on perennial vegetation components, with erosion
levels included where applicable. The issue of so- called "opportunity country"
involving only ephemeral growth, is dealt with separately.

Each condition class for each pasture component is described according to key
indicator plants. Photographs and written criteria are compiled that depict
each of the three condition classes for each of the pasture components. The
criteria and photo- standards are compiled into a manual which are
subsequently used by the assessment teams in carrying out the lease
assessments.

All field staff are then trained in the field to recognise the various
condition classes for each of the pasture components to achieve a uniform
standard, and tested, thereby ensuring that all staff will assess the
condition of land uniformly and without bias.

The lease assessments are completed on a district basis within the eight Soil
Conservation Board Districts established under the Soil Conservation and Land
Care Act 1989. The first district completed is in the North West, covering the
Kingoonya Soil Conservation Board District (Figure 1.) A field day is held
prior to the commencement of the assessments to demonstrate the assessment and
monitoring process to pastoralists.
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Assessment of land condition for each lease

A restricted random survey technique is used to ensure minimal observer bias
in deciding where and what to assess. The field teams are allocated a batch
of leases to assess within the soil board district. A transect through each
lease, along the existing station tracks, is planned that will cover most of
the accessible parts of the lease in a systematic way. Its length (km) is
measured from maps and a computer program divides this length into 100 equal
parts, then generates a minimum of 100 restricted - random sample points along
this transect. The number of random points may exceed 100, depending on the
size of the lease.

When the team arrives at each pre- determined sample point in the field,
(determined by an electronic trip meter) an assessment is made of the
condition of the land in the view -field (50m x 50m) of the camera at a uniform
distance (10m) from the left side of the vehicle. Firstly, the pasture type
component is identified. ( Is this a saltbush /bluebush calcareous plain ?) Next,
the appropriate condition state (1, 2 or 3) is determined by reference to the
descriptions and photo- standards in the manual. (Are the indicator plant
species palatable to stock present ?) For a saltbush /bluebush community,
saltbush must be present to score a 3 or bluebush seedlings must occur. A
slide photograph is taken to provide verification of the condition class
should this be later disputed in a tribunal. The slides are reviewed by senior
officers to ensure all assessment teams are consistent in applying the
criteria.
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How is the information used ?

A Weighted Average Condition index (WAC index -now called the LCI or Land
Condition Index) for each lease is determined by multiplying the percentage
of sample points for each condition rating by the rating, giving a value range
from 100 to 300. For example:

Condition % of sites weighting

3 50 x 3 = 150

2 40 x 2 = 80

1 10 x 1 = 10

WAC Index 240

The maximum index score is 300 which would imply that all sample points
complied with the Act, and a minimum of 100 would mean that all samples were
severely disturbed and failed to comply with the Act. Thus all leases may be
compared within a district according to their WAC index scores. However,
throughout a district there are many pasture components and these have varied
capacities to absorb stock impact over a 100 years or more of pastoralism. For
example, heavy clay soils protected by a dense cover of gibbers and supporting
saltbush are able to withstand grazing pressure much better than lightly
textured soils or texture contrast soils. This inherent robustness of some
pasture components may result in high WAC scores and tends to confuse inter -
lease comparisons that involve a mix of pasture components. A Robustness Index
(RI) has been calculated which allows for these differences, whereby stations
which have a similar mix of pasture components, according to robustness, are
compared on an equal basis. This index uses the district total of all WAC
scores for each pasture component and is calculated as follows:

Pasture Component % of samples 1% of district WAC
for this component

1(a) 10 x 2.6 = 26

1(b) 50 x 1.5 = 75

2(a) 20 x 2.7 = 54

2(b) 20 x 1.9 = 38

Robustness Index = 193

Like the WAC index, the RI has limits of 100 and 300. It should be noted that
comparisons of stations on their percentage mix of different pasture
components alone (no reference to WAC scores), using similarity or distance
measures and seriating tree diagram classifications, produces results almost
the same as the easily calculated RI.

The two indices (WAC and RI) are used to provide a relative scaling of the
leases within the district according to land condition within the pasture
components. Fig. 2. shows all leases within the Kingoonya Soil Board District
according to WAC and Robustness indices and illustrates the range in land
condition throughout the district and reveals that all stations to some degree
fall short of fully meeting the ideals of the Act i.e. a WAC score of 300. The
leases that have the highest WAC scores for a given RI score represent the
best land condition that the pastoral industry has achieved for the different
types of country under prevailing pastoral management.

Capacity of the land to carry stock

The Board is required to specify a maximum stocking level for the lease, and
the lessee is not permitted to exceed this figure without the prior permission
of the Board.
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Figure 2. Assessed land condition of stations within the Kingoonya Soil Conservation District 1991

Stock maxima determined under the previous Act (Pastoral Act 1936 -1989) did
not include an assessment of the condition of the land and are inappropriate
levels under the new PLMC Act. The previous maximum figure has long been
represented by the pastoral industry as the actual carrying capacity of the
lease.

The Objects of the Act specify that the Pastoral Board must ensure that
degradation does not, or is not likely to occur. Maximum stocking levels for
a lease are far from ideal as an effective method for ensuring that pastoral
land is not degraded as they do not provide for stocking levels in individual
paddocks under a range of condition classes and pasture components.

The evidence for appropriate long term stocking levels must come primarily
from what the land has carried in the past without severe degradation; what
successful management practices have been implemented for various pasture
types, and how management practices generally are related to the present land

condition. The Board has determined that the 10 year (1980 -89) stock average
(which includes a range of seasonal conditions) for leases assessed as being
in good condition will be adopted as a benchmark for determining the capacity
of the land to carry stock. Those leases that are assessed as being nearly
intact ( i.e. high WAC score, good condition) set the land management
standards for the various pasture components in the district, as they are
deemed to meet the requirements of the Act in maintaining the renewable
resources and thus represent the " capacity of the land to carry stock"
without severe degradation. Other factors such as the number and location of
waters, number of stock per water point, size of paddocks, grazing management
and seasonal use, and land management problems, are also considered in
determining the capacity of the land to carry stock and for determining the
long term (maximum) stocking level.

Leases assessed as being in degraded or reduced condition states would have
their stocking rates and management practices compared with those of the
benchmark leases, and their stocking levels and trends in condition would be
more closely monitored. The Pastoral Board would determine an appropriate
stocking level based on the land condition and the above factors.
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The Board may also elect to use Section 43 of the Act where a notice to
destock or take other action may be required to prevent the likelihood of
degradation of the land in the short term.

Lease Assessment Reports

Lease Assessment Reports are submitted to the Board in a district batch and
contain an assessment of the condition of the land, factors that limit the
capacity of the land to carry stock, and identified land management problems
within each paddock with suggested strategies that might be adopted to
alleviate these problems.

The Board considers these reports and they are then forwarded to the lessees,
who have 60 days to consider and comment. The local soil conservation board
is also invited to comment. The Pastoral Board then considers all comments
before setting the land management conditions of the lease, which includes a
maximum stocking level. The lessee may apply to the Pastoral Board at any time
for a temporary increase above this maximum.

There is a requirement to assess the condition of the land every 14 years, and
land management conditions may be adjusted and the term of the lease extended
if the lessee has complied with the lease conditions and fulfilled a duty to
improve the condition of the land.

Monitoring

During the assessment field survey, the assessment teams also establish a
monitoring baseline in each paddock, which consists of a photopoint and a
fixed belt transect to collect ecological data. The details are compiled into
a manual and the lessee is given a copy and encouraged to photographically
monitor the sites when a visible change becomes apparent. These sites are
located on water runs to enable the lessee to inspect the sites on a regular
basis. The sites will be re- measured by the Pastoral Management Branch every
5 -7 years (depending on resources), and the combination of the short term
details collected by the lessee and the long term monitoring by the Pastoral
Management Branch, together with climatic data and stock management practices
at the paddock level, will provide a valuable interpretative base for
evaluating changes that have occurred within each paddock over a district.
Soil Conservation Boards will play a major role in promoting sound land
management practices, and in assisting lessees to improve the condition of the
land identified by the assessment process.

Lessee involvement in the monitoring programme is strongly encouraged, and

most lessees have been supportive of the establishment of baseline
photopoints. Indeed, many have suggested that it should have been done 20 -30
years ago as it would reveal that the condition of the land has improved, in
their opinion, during the last 50 years.

NOAA imagery is being developed as a tool to monitor vegetation response to
rainfall events and to target areas for further ground inspections. Geographic
Information Systems are also being developed to produce maps and other
products for lessees and soil conservation boards.

SUMMARY

The assessment method developed in South Australia for determining land
condition employs standardised criteria and sampling routines consistent with
State legislation, and provides an objective assessment of the land condition
of properties within a district. The information provides the Pastoral Board
with an objective basis upon which to consider stocking levels and other
factors that affect land condition on pastoral leases. Photostandards provide
an accurate standardised record of the criteria used to determine the various
condition classes, and the survey can therefore be repeated in the next 14
year assessment period using consistent standards. The process is objective,
relatively simple, easily demonstrated to pastoralists, and has wide potential
application to other rangeland areas.
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THE INTEGRATION OF PASTORALISM AND CONSERVATION ON THE
COASTAL WETLANDS OF THE NORTHERN TERRITORY

D.T. Liddle and E.A. Sterling

Conservation Commission of the Northern Territory
PO Box 496, Palmerston, Northern Territory 0831

1. ABSTRACT

The coastal wetlands of the Northern Territory are a valuable resource for
conservation, pastoralism, tourism and the commercial utilisation of

wildlife. These values are under threat from alien plants, saltwater
intrusion and introduced animals. Integration of such a range of land uses
necessarily involves compromise by all interested parties. In specific
cases formal agreements under relevant legislation provide a mechanism to
satisfy pastoral and conservation objectives on the same site. The Lower
Mary River Landcare Group provides an example of a particularly active
attempt to integrate pastoralism and conservation on the coastal plains.
Collective responsibility for the catchment and the provision of a forum
for members to discuss their management and its compatibility with the
goals of others in the catchment underpins the integration of land uses.
There is ongoing intensification of land use on the coastal wetlands, and
the potential for extensive modification, for example through ponded
pastures. To maintain a balance between pastoralism and conservation there
needs to be improved accessibility of information to land managers on the
economic and environmental implications, on property and beyond, of
management choices they make.

2. INTRODUCTION

Seasonally inundated plains are widespread along the lower reaches of the
river systems of the Top End of the Northern Territory, extending up to
80km inland from the coast (Fig. 1). These plains are among the most
productive of Territory landforms (Finlayson 1991) with a seasonal cycle of
flooding and drying which both adds nutrients to the system and creates
pulses of growth and decay, making nutrients available for plant growth.

The wet -dry tropical climate exhibits uniformly high temperatures and solar
radiation throughout the year, with a highly seasonal rainfall pattern (Nix
1983, Taylor & Tulloch 1985). In response to this rainfall pattern, the
plant species composition at one point may vary markedly between wet and
dry seasons (Finlayson et al. 1990). In addition to this temporal
variation, there is a spatially complex pattern of plant communities,
spanning gradients in the duration of inundation and salinity (Wilson et
al. 1991).

3. THREATS

3.1 Alien Plants

Alien plants pose a major threat to the wetlands. The tropical shrub
Mimosa pigra has spread rapidly across several wetlands (Lonsdale et al.
1989). This thorny plant forms dense monospecific thickets, dramatically
modifying the habitat and displacing native species. Control is difficult
and to date has primarily involved mechanical and chemical treatments.
CSIRO and Northern Territory Department of Primary Industry and Fisheries
are continuing experimental studies of suitable biological controls.

While all land users perceive Mimosa as a major threat to wetland values,
some alien plants threaten a narrower but significant range of values.
Para Grass, Brachiaria mutica has been actively introduced as a pasture
species. It is a sprawling stoloniferous perennial that will displace
native species to form a dense monoculture, occupying the same floodplain
niche as the native Wild Rice, Oryza rufipogon. The value of Para Grass as
a pasture species is widely accepted by the pastoral community despite its
competition with valuable Wild. Rice and the native perennial grass
Hymenachne acutigluma, which although apparently less palatable to stock
than some exotics, provides a highly nutritious fodder (Calder 1981).
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at an elevation below high tide level means there is a significant
potential for further saltwater intrusion.

3.3 Introduced Animals

Introduced ungulates, both feral and domesticated, have the capacity to
modify the flora and fauna of wetlands. For example, domestic herbivores
have caused structural and compositional change in sub -humid flooded
grasslands in Argentina (Sala et al. 1986). An inquiry into feral animals
in the Northern Territory concluded that feral buffalo contributed
substantially to environmental changes in the coastal wetlands and "these
changes have had a markedly adverse effect on vegetation, soil, natural
waters and drainage, faunal habitat, and potential pastoral productivity"
(Letts et al. 1979;16). Feral pigs utilise the wetlands (Hone 1990)
resulting in extensive disturbance by rooting (Bowman & Panton 1991, Bowman
& McDonough 1991), although their impact on pastoral production and
conservation values has not been quantified.

Cattle and buffalo are the major domestic animals of the floodplains. The
degree of environmental modification they cause is dependent upon
management strategies, particularly in regard to season, duration and
intensity of stocking.

4. LAND USE

4.1 Pastoralism

The wetland vegetation remains green well into the dry season, in some
situations persisting through to the next wet. Thus at the time of the
year when the quality and quantity of feed on the adjacent upland country
is at its lowest, the wetlands provide a productive alternative. While the
carrying capacity of upland country with native pasture is less than one
beast per 40ha (T. Easton pers comm), native Hymenachne acutigluma
floodplain pasture supports a dry season stocking rate of one beast per 1.5
to 2ha (Cameron 1988).

During the wet (growing) season, the plains are highly susceptible to
damage by grazing and trampling (Calder 1981) leading to a reduction in dry
season forage, pugging of soils and premature drainage through the
development of swim channels. In response to these restraints on wet
season grazing the majority, but not all, of the managers in the Mary River
Catchment remove their stock from the plains during the wet. Stock
movements have been restricted by the Brucellosis and Tuberculosis
Eradication Campaign in recent years, resulting in increased grazing
pressure on some areas.

Pastoralists undertake Mimosa control programs in conjunction with the
Northern Territory Department of Primary Industry and Fisheries. Exotic
grasses have been introduced to both upland and floodplain country, in some
instances accompanied by clearing the tree overstorey on upland areas.
Barrage construction and fencing is undertaken by some pastoralists in an
attempt to control saltwater intrusion, and feral animal control is a
common practice.

4.2 Conservation Lands

The Melaleuca forest and grassland /sedgeland vegetation communities of the
coastal plains are distinctive and restricted in distribution, occupying
less than 1% of the Northern Territory. The distribution of coastal
wetlands in reserves is strongly influenced by the large Kakadu National
Park so there is under- representation of some communities and species
occurring in other catchments (Wilson et al. 1990).

While the plant species diversity is low, the temporal and spatial
patterning of the vegetation result in a patchwork of habitats. These
diverse patches support abundant fauna, particularly avifauna (Finlayson et
al. 1988, Morton and Brennan 1991). The importance to avifauna is
illustrated by records of dry season aggregations of more than one million
Magpie Geese representing 60 -70% of the population of the Top End, within a

131



small area of floodplains in Kakadu National Park (Whitehead et al. 1990).
While such aggregations reflect a habitat patch that is particularly
important for part of the year, the numbers of Geese occurring on
particular river systems may fluctuate greatly, both seasonally and in the
longer term, apparently in response to shifting, widely spaced patches of
favourable habitat. Thus the capacity of the wetlands arises from the
landscape scale interactions between water and vegetation to provide a
shifting mix of faunal habitats (Whitehead et al. 1990).

Mimosa and feral animal control programs are undertaken by the Australian
National Parks and Wildlife Service, the Conservation Commission of the
Northern Territory and the Northern Territory Department of Primary
Industry and Fisheries. On the Mary River Conservation Reserve a major
effort has been put into halting saltwater intrusion over the last three
years with the construction of 21 earthen barrages. In addition a
substantial concrete and rock barrage has been constructed across a
freshwater billabong on the Mary River which had recently been connected to
an advancing tidal channel.

4.3 Tourism

Water bodies and abundant wildlife provide a valuable recreational resource
with Barramundi, Lates calcarifer, fishing and the spectacular
congregations of wetland birds being two major attractions. Hunting is
also a popular activity with declared open seasons for waterfowl, and
safari tours to hunt feral animals. Recreation and tourism contributing
6.1% to the 1989/90 Gross Domestic Product in the Northern Territory, while
agriculture contributed 1.3% (Anon 1992).

Fishing remains the major recreational activity and the Mary River supports
the most popular recreational Barramundi fishery. A 1986/87 survey of
fishing in the five river systems from Darwin to Kakadu revealed an annual
effort of over 220,000 angler hours and a catch of over 27,000 Barramundi
(Griffin 1988). In response to decreasing abundance and size of
Barramundi, bag limits, size limits, and even site specific closed seasons
have been implemented.

In the past, management of waterfowl has been primarily concerned with
control of the hunting season. But maintenance of Magpie Geese populations
at or near the existing levels will require management strategies that
preserve the full range of floodplain habitats (Whitehead et al. in Press).

4.4 Commercial Utilisation of Wildlife

Crocodile, Crocodylus porosus, eggs are harvested from the floodplains
under an approved program administered by the Conservation Commission of
the Northern Territory (Anon 1989), which has been recognised by the
International Union for the Conservation of Nature as contributing
positively to conservation of the species. Consideration is also being
given to the commercial harvesting of Magpie Goose eggs to supply birds for
the restaurant market.

4.5 Horticulture

Horticulture occurs on the adjacent uplands rather than the wetlands but
has the potential to affect the plains through changed runoff
characteristics of the catchment, and the use of fertilisers and
pesticides. If the capacity of the wetland ecosystems to support the
current grazing and wildlife values is to be maintained, land use on the
uplands must be sympathetic to the requirements of the plains (Whitehead
1991). In the Mary River Catchment the formation of a Landcare Group
provides a vehicle for such integrated management.

4.6 Landcare

The Lower Mary River Landcare Group was established in 1989, when the land
managers of the area recognised the need for a united approach to combat
their land degradation issues. Saltwater intrusion, woody weed infestation
and feral animal control are perceived as the main threats to the multiple
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land use of the area. The group membership includes a wide variety of
enterprises, with pastoralism (cattle and buffalo), tourism (safari tours,
boat hire, camping and monsoon vine forest educational walks), conservation
(including 5 reserves managed by CCNT), mining (gold and mineral
exploration), horticulture and defence force training being represented.

Many of the managers recognise the potential for multiple exploitation of
their land and while their major land use may be pastoral, they have also
embarked on complimentary activities such as tourism. The Landcare Group
has accepted that to integrate any or all of these land uses, property
management planning can provide the basis for sustainable utilisation. Two
land managers in the group are currently involved in the property
management planning process, with several other managers looking to begin
in the near future.

The Landcare Group is in the initial stages of compiling its preferred long
term management strategy for the area. Projects include a Mimosa
eradication trial funded by the National Soil Conservation Program and the
general co- ordination of activities in the area. The group has called for
a united Government approach to reduce conflicting advice by Departments.
Results of this co- ordination are already apparent with extension officers
working together on key management issues. As a group they are concerned
with the conservation of native flora and fauna, and are starting to
address issues relating to their influence as the current land managers on
the ecosystem. One such issue is the effect of earthen barrages on plant
species diversity and composition due to the changed hydrology.

5. DISCUSSION

The coastal wetlands of the Northern Territory are an economically and
environmentally valuable resource. They are an integral component of the
pastoral and tourism industries and have considerable potential for
expansion of non -consumptive (tourism) and consumptive industries (wildlife
harvesting). To maintain this diversity, and the benefits which flow to a
variety of sectors of the community, compromise is required by all interest
groups.

The establishment of Landcare Groups and the enactment of new pastoral
lands legislation signals a new approach to pastoralism by the Northern
Territory Government. A significant change in the Pastoral Lands Act 1992
(NT) is the provision for monitoring of pastoral lands, including the
setting aside of ungrazed reference areas and establishment of monitoring
sites.

In practice there are significant logistic problems and high costs
associated with monitoring of the quality required to reliably answer key
management questions. For example, a vegetation monitoring program was
established in 1991 to assess the impact of cattle grazing in three
communities on the Mary River Conservation Reserve. Access to the wetlands
is difficult with the majority of the year too wet for conventional four
wheel drive access and too dry for airboat access away from the major
waterways. The cost of establishing a series of enclosures was in excess
of $20,000 excluding wages, and maintenance of the project in the
seasonally flooded environment will be expensive. While monitoring will
provide valuable feedback into pastoral management in the long term, many
decisions on the integration of pastoralism and conservation must be taken
before robust results will accrue.

A formal agreement under the Territory Parks and Wildlife Act 1980 has been
reached with one landholder on the Mary River to sympathetically manage a
Magpie Geese breeding area, in exchange for grazing rights on the Mary
River Conservation Reserve. The agreement specifies that no exotic grasses
will be introduced to the breeding area. Such agreements provide a useful
mechanism for addressing special cases but effective conservation of native
flora and fauna will require sensitive management over large areas rather
than a few patches.

The Lower Mary River Landcare Group is attempting to integrate management
across the catchment whereby "no single landholder is simply responsible

133



for his lease or property but is responsible for the area as a whole"
(Sterling in Press). This collective responsibility and the provision of a
forum for members to discuss their management and its compatibility with
the goals of others in the catchment underpins the integration of land
uses.

A catchment approach provides a useful framework in which to address many
issues. For example, issues such as wildlife corridors or the provision of
a patchwork of faunal habitats across land tenure boundaries can be
meaningfully addressed at this scale. A regional analysis is also
necessary to compare the potential benefits in pastoral production gained
from invasive exotic pasture species, with the associated costs of
controlling such plants on conservation or tourism sites, coping with
increased fire risks, or loss of wildlife values that attract tourists to
the region. When dealing with highly mobile species such as Magpie Geese,
a broader regional perspective (across catchments) is also required
(Whitehead et al. in Press).

There is an ongoing intensification of land use on the coastal wetlands.
For example, the Brucellosis and Tuberculosis Eradication Campaign has
resulted in the removal of tens of thousands of feral buffalo and required
extensive fencing programs that allow the control of domestic stock. In
turn, the capital investment required for fencing adds pressure for an
increased financial return from the wetlands.

In many instances company ownership increases the availability of finance
to intensify management. In addition the technology is at hand to
dramatically alter the character of the wetlands through ponded pastures.
In Queensland there has been vigorous debate over ponded pastures,
including their affect on the Barramundi fishery (Garrett 1991). In July
1991 the Queensland Minister for Environment and Heritage declared a
moratorium on coastal ponded pastures in that State. On coastal wetlands
of the Northern Territory earthen banks have been primarily used to control
saltwater intrusion, with only limited bank construction to manipulate
pastures. Interest in using earthen banks to manage the pasture for
enhanced production of perennial grasses is increasing, yet the authors are
not aware of any economic analysis or investigation of environmental
effects in the Northern Territory.

There is a long established structure of pastoral advisers who have
traditionally provided guidance aimed at increasing animal production. In
recent years there has been an increased emphasis on extension to improve
the maintenance of land resources. To assist the integration of
pastoralism and conservation in a system that relies heavily on voluntary
co- operation, greater input from other interest groups (tourism and
conservation organisations) is also required. To keep pace with the rapid
changes occurring in the pastoral industry, extension officers with a
conservation brief that recognises the economic and social value of native
flora and fauna, are needed to maintain a balance which promotes the long
term interests of the entire community. The notion of interaction and
compromise is particularly important in wetlands, where it is not possible
to effectively quarantine activities to prevent the flow of impacts
throughout the system.
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HIERARCHICAL DESIGN FOR CONSERVATION OF BIODIVERSITY IN
AUSTRALIA'S RANGELANDS.

Mark Stafford Smith and Stephen Morton

CSIRO, National Rangelands Program, Division of Wildlife and Ecology,
P.O.Box 2111, Alice Springs, NT 0871

ABSTRACT

The conservation of biodiversity in the rangelands cannot occur solely in
National Parks - the arid lands environment is too risky and too extensive.
Deciding what level of protection is needed outside parks must be based on an
understanding of how the rangelands function. Many plant and animal species
in the rangelands depend on special resources at critical times, like drought,
but there is evidence that the persistence of native plants and animals
outside critical refugia can be compatible with appropriate pastoral
management. We therefore outline how an hierarchical design of rangelands
reserves could be integrated with other land uses; complete insulation of
major refugia areas would be combined with special management of important
smaller areas at critical times, and with sustainable pastoral or other
management on the broader landscape. We offer this design framework for
discussion as one element of the long term development of a National
Rangelands Management Strategy.

INTRODUCTION

The jargon of the 1990's is set to be 'conservation of biodiversity' and
'ecologically sustainable development'. These ideas may be intuitively nice
but what do they mean, how do we integrate them and, most especially, how do
we put them into operation in the rangelands ? In this paper we take
conservation of biodiversity to mean the regional maintenance of the diversity
of our flora and fauna, and ecologically sustainable use of the rangelands to
mean use that does not cause land degradation, that is, a loss of long -term
potential productivity. The total use of the rangelands must evidently also
be economically viable, whether as production in industries like pastoralism
and tourism, or through support from the taxes of the rest of Australian
society.

How can conservation and sustainable production be integrated in the
rangelands ? We are all well aware that there have been serious problems with
both species loss and land degradation in the past. If there were infinite
management resources, the national park system could theoretically be expanded
to the point where all necessary ecosystems and ecosystem functions were
included in reserves managed solely for this purpose. There are at least two
problems in this suggestion. Firstly, even to include all vegetation types
properly would require the reservation of an enormous proportion of the
rangelands (Pressey & Nicholls 1989) - we doubt that society will ever have
the resources available to pay for the management of this huge area as
National Parks; secondly, even this area will not be enough to protect the
flora and fauna of the rangelands because organisms depend on being able to
use the intervening habitat, especially for recolonisation after droughts.
As a consequence, a different management strategy is required for the
rangelands nationally. Based on our current understanding of how the
rangelands function, this paper sets out for discussion one possible approach
to this strategy.

ECOLOGICAL FUNCTION

The functioning of Australia's enormous arid zone has been reviewed in various
places (eg. Stafford Smith & Morton 1990); some key points are summarised in
Fig. 1.

The Australian rangelands experience an extremely unpredictable climate by
world standards. Any management strategy must allow for the fact that extreme
droughts will occur from time to time. The biota has coped with this problem
in the past by accepting a degree of local extinction and re- invasion. This
means that organisms must continue to be able to move across the landscape.
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The rangelands are spatially diverse in several ways. Some areas of the
rangelands (especially the chenopod shrublands and mitchell grasslands) are
based on reasonably rich soils. The majority, however, is based on ancient,
leached, infertile soils which have been greatly sorted over many millenia;
in this sea of infertility, most production is concentrated in rich pockets
- run -on areas close to small ranges, the major river systems and their
floodplains, and other areas where raised water tables make the environment
a little more reliable. In these generally poor landscapes, the fertile
patches are the main source of pastoral production, especially during dry
periods. They are also the main focus for introduced feral animals such as
rabbits, horses, goats and donkeys. Whilst biodiversity is in no way limited
to these pockets, they are a source for resource use conflict since certain
types of native plants and animals also use them.

It is likely that moderate levels of grazing of introduced stock or tourism
impact are compatible with the movement of native organisms across the
majority of the landscape. The major resource conflicts probably occur in the
drought refugia themselves, and it is these refugia, which occur at all scales
from the microscopic to the mountain range, that require special management.

AN HIERARCHICAL APPROACH TO DESIGN

For a national conservation and land management strategy to be more
objectively defined than present, it will need to be based on an understanding
of how the landscape functions. We see three critical points - (i) some areas
of soil are more uniformly fertile than others, (ii) in generally infertile
areas, resource conflicts and consequent conservation problems will be
concentrated in richer pockets, and (iii) the entire landscape is subject to
intermittent severe drought.

The fourth socio- political factor is that we cannot, as a society, afford to
turn the entire rangelands into a national park: a substantial part of the
conservation of biodiversity must take place on lands which are not dedicated
solely to conservation. This means that whatever measures are needed to
contribute to conservation on these lands must be integrated with other
broadscale land uses, such as pastoralism, tourism or aboriginal homelands.
In fact these land uses will be necessary to generate the funds to justify the
presence of land managers on these lands; society could not afford to pay a
park ranger' to live on every pastoral property and carry out feral animal
and weed control, nor indeed would it be easy to find people who have the
depth of local knowledge and long -term commitment needed to carry out such
management effectively. The questions then become, firstly, which lands
should be dedicated as pure national parks, and, secondly, what measures are
critical in the management of the remaining lands ?

Fig. 2 provides a simplified landscape classification to help to answer these
questions. Our first step is to separate generally fertile and generally
infertile landscapes; the land use conflict issues are very different on
these different landscapes, although in reality they fall along something of
a continuum. Biodiversity occurs everywhere, so the first priority for
National Parks - that is, areas dedicated solely to conservation of
biodiversity - should be to include representative regions of all landscapes.
However, in landscapes which are generally infertile, organisms will be under
threat primarily in fertile pockets; therefore the second focus should be on
areas with a high concentration of fertile pockets, which can be managed
efficiently as traditional National Parks.

At some point, the resources available for managing National Parks will be
exhausted. The remainder of the landscape will be available for other
land -uses; however, there will still be critical parts of this landscape that
require special management to ensure the overall maintenance of ecosystem
function. We suggest that some areas will be excised from the surrounding
land use but still be managed by the local land user - we have termed these
Excised Management Units (EMUS), which may be too small and dispersed to
manage efficiently as part of the main National Park system; other areas will
be managed as part of the land -use but with special intervention at critical
times - Restricted Use Units (RUUs), which will be even less able to be
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handled as part of the National Park system; the remainder of the landscape
will be managed simply on the basis of normal sustainable production
objectives. Fig. 2 indicates how these different parts of the landscape would
be identified.

The importance of this approach is that it provides an objective way of
setting land use priorities. The total availability of government resources
will ultimately balance the number of parks against less expensive, broadscale
conservation management which can be integrated with other land uses. It also
highlights some of the research questions that need answering - what levels
of grazing (at what times) are compatible with the maintenance of RUUs, what
are the processes of local extinction and re- invasion, and what level of
grazing will allow the necessary movement of organisms across the intervening
landscape ?

DISCUSSION

The scheme described above is very much a proposal for discussion.
Furthermore, it takes a broad view and there will be many regional factors
which must be allowed for. However, if accepted, it would have many
implications for land management in Australia's rangelands. Firstly, there
would be legislative issues: it implies that land uses within a defined unit
such as a lease need to be far more flexible than is generally permitted
today. At present in most states different productive land uses come under
different legislation and even different departments. This is already
changing.

Secondly, it has many implications for the primary land managers, whether
pastoralists, state conservation agencies or Aboriginal people. Outside
parks, one would see those living on an area of land adopting a land
stewardship role towards that land, exchanging certain production rights for
certain management obligations. This also already happens, but not always in
a clearly- defined way, and rarely in the context of deliberately mixed land
uses.

We have spoken to managers who were quite happy with this concept of a broader
land stewardship role. For example, one manager described how, ideally, he
would like to cut his stock numbers in half, to allow himself more flexibility
in spelling and maintaining the country. He would then aim to supplement his
reduced income firstly from a small tourist enterprise, and secondly by acting
as manager of a small conservation reserve adjoining his lease for half a day
a week (at present the reserve is serviced from 300 km away). He would
obviously expect to be paid some sort of modest 'conservation salary' for the
reserve management. This mixed management approach has not been implemented
in the Australian rangelands, but equivalent moves have occurred widely in
Europe in the last decade.

Pastoralists reading this might feel that they are already achieving the same
ends. Nonetheless, we contend that there are considerable legislative blocks
which prevent the approach being taken to its logical conclusion, mainly
because grazing tends to be separated from other land uses. We see the need
for a new concept of land stewardship in Australian lands legislation, which
encompasses productive use, conservation management and lifestyle enjoyment
in an mix which is appropriate to individual areas of land.

Conservation managers reading this might also feel that it is merely a
re- statement of what has been done for many years. We believe that this is
not so. Firstly, past park acquisitions have tended to focus on land that was
not needed for other purposes, which means that the functionally -critical
fertile parts of the landscape are generally greatly under - represented in the
existing network. Secondly, we identify a more explicit role for conservation
management by other land users. Thirdly, whilst concepts such as regional
reserves are certainly moving towards allowing the appropriate integration of
different management regimes, there is still a need for the further
development of a clear management rationale which separates land with
different management requirements. Margules et.al. (1988) have argued that
their reserve selection procedures need to be tuned by an understanding of
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what landscape components should have different priorities. We believe that
this functional approach partly fulfils their need.

CONCLUSION

An Australian Rangelands Society audience will be well aware that the
management of the rangelands must be a cooperative effort. All users and
society at large have a vested interest in maintaining the long -term condition
of our heartlands. The government cannot afford to manage this vast area as
a park. Yet the sustainability of different, potentially conflicting private
uses, including tourism, grazing, aboriginal homelands and even simple
national appreciation, could be fundamentally compromised if these conflicts
are not resolved. We offer this set of ideas for discussion as one possible
element of a future National Rangelands Management Strategy.
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FIGURES (ON NEXT PAGE)

Figure 1: A division of Australian rangeland landscapes according to the
fertility of soil and availability of soil moisture for plant growth, and the
implications of these categories for use by introduced herbivores. Areas of
potential conflict with native organisms are thereby highlighted. Note that
these different types of country are on continua conceptually, although the
boundaries between areas can be quite abrupt in real landscapes.

Figure 2: Our view of how different parts of the Australian rangelands might
be managed in an ideal world where an understanding of ecological function
determines land use. In this circumstance, we suggest that regional
conservation of biodiversity could be achieved through the creation of an
hierarchical system of reserves aimed at protecting patches of productive
country, with sustainable productive use of the intervening land.
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RANGELANDS MANAGEMENT AND CONSERVATION: MANAGING OUR COMMON GROUND.

G. D. Harris

Arid Lands Environment Centre, P.O. Box 2796, Alice Springs, N.T. 0871

ABSTRACT

Some conservation goals for the rangelands can be met by managing pastoral
land in a more sustainable manner. Other conservation goals will only be
met by managing some areas entirely for conservation.

One key to reducing land degradation in the rangelands lies in more careful
management of the total grazing pressure (including feral animals).
Significant factors in achieving this will be: a vastly improved flow of
information resulting in adoption of more sustainable practices; hard
decisions by government, including restructure of pastoral industry and
legislation; intelligent national cooperation and a commitment to the long-
term future of the rangelands from all involved with the industry.

INTRODUCTION

In December 1991 yet another mammal, the Mala or Rufous Hare -Wallaby
(Lagorchestes hírsutus), joined the long list of mammals which are extinct
in the wild on mainland Australia. Many ground- dwelling mammals of the
arid zone are extinct and the status of other species such as birds,
invertebrates, reptiles etc is poorly known. Land degradation continues in
the arid zone and as conservationists we need to seriously and urgently
address the causes.

This paper examines a few key aspects of rangelands management which the
Arid Lands Environment Centre believes are crucial to moving towards
ecologically sustainable pastoralism and achieving some conservation
objectives.

The primary question of whether or not pastoralism can be an ecologically
sustainable land use is unanswered and further research is required. This
question is not the topic of this paper.

GRAZING IMPACTS AND STOCKING RATES

The history of pastoral legislation in Australia is a sad story of
enforcing and encouraging overstocking. Until recently the N.T. had
minimum stocking rates enshrined in its pastoral legislation. Stocking
rate and carrying capacity limits for individual properties have been used
by legislators for a long time. Although such rates and limits have become
more realistic over time, land degradation is continuing (Anonymous 1978,
Stanley 1983).

One reason is that total grazing pressure is increased, often enormously,
by a range of introduced herbivores such as rabbits, goats or horses. If
governments continue to use property -based stocking rates as a basis for
regulation, then these rates need to be much more conservative and must
encompass all grazing pressure, not just controlled stock.

The problem of overgrazing by livestock is not as simple as running too
many stock on a property. Stock do not conveniently spread themselves
evenly around a paddock or water point. Stock preferences, which are
influenced by range condition, range type and distance from water,
determine grazing pressure on a particular land type or area of land. (Low
et al. 1980, Lang 1969).

The study of Low et al. (1980) on a central Australian paddock showed a
mean grazing density of 3.5 cows /km2, but the density varied from 25
cows/km2 to 0 cows/km . The pattern shows that stock grazing will
concentrate on the most productive grazing land or "sweet spots ". Where
overgrazing causes land degradation this will also tend to focus on the
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more productive areas. Loss in pastoral productivity is not the only cost
when this occurs.

Ecological research (Morton 1990) shows that the more productive "sweet
spots" of the landscape are also the most important habitat refuges for
many native mammals in dry times. Degradation in these areas has already
endangered species and reduced biodiversity.

To achieve a sustainable pastoral industry and to have any hope of
achieving some conservation goals (such as maintenance of biological
diversity), total grazing pressure must be carefully controlled, especially
on these more productive areas.

CONVENTIONAL INDUSTRY WISDOM OR MYTHS

Degradation is continuing in the rangelands. Until governments and
industry broadly accept this fact, the incredible inertia which inhibits
more rapid movement towards ecological sustainability will remain.

A common feature of pastoral properties in central Australia is an often
extensive bare area surrounding a water point (a sacrifice zone, or
piosphere in Lange 1969). This is frequently regarded as an unavoidable
and therefore acceptable land management practice. There will always be a
grazing gradient around watering points, however some pastoralists (e.g.
Purvis 1986) have demonstrated through careful grazing management that
extensively scalded areas are largely avoidable. (Refer to Stafford -Smith
1990 for further discussion.)

Despite the constructive advances made by governments in reducing or
removing drought subsidies, some sections of the industry continue to view
an extended dry period as a disaster called drought. The implication is
that these dry periods are somehow unnatural or unusual and therefore
unmanageable. Drought is a fact of climate which must be planned for
especially as it is the 'crunch' time for stock, the land, the vegetation
and the native wildlife.

Another myth is that "the country always comes back ". It is difficult to
recreate the unique micro -environment of nutrients, soil structure and
organic matter which formerly supported a range of plants. In some cases
it may be impossible (Noble et al. 1984). Time, money and a good deal of
local expertise is required to achieve limited regeneration of degraded
areas. Even this may restore some production but without recovering the
most productive species.

While misconceptions such as these flourish, the land will continue to
suffer.

UNDERSTOCKING VS OVERSTOCKING

A growing number of studies (e.g. Foran and Stafford -Smith 1990, Morrissey
and O'Connor 1988, Purvis 1986) show that low- density or conservative
stocking strategies can be more profitable, particularly in the long term,
and particularly if the reality of extended dry periods is taken into
account.

Traditional micro -economic theory espouses the goal of an optimal profit-
maximising output for the enterprise and thus an optimum stocking rate
(e.g. Wilson & Macleod 1991). Implicit in this theory is the assumption
that production either side of this optimum is equally costly to the
producer. When applied to an ecological system, this traditional micro -
economic theory fails to account for the greater cost of slight over-
production which can degrade the resource base, relative to the cost of
slight underproduction. Inadequately represented in micro -economic theory
are the long -term perspective, the risk of degrading the resource, who
bears the cost of any rehabilitation work and the net cost /benefit to
society.
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The losses involved in stocking below the "optimum" are short term in that
they do not degrade future productivity of the resource. Lower stocking
rates are also likely to be beneficial to non -pastoral values. Therefore,
due to the severity of the risk of land degradation of some landscapes, it
should be of net benefit to the community and the land manager to stock at
a lower rate than the profit-maximising stocking rate.

The risk of overstocking is compounded by the difficulty of distinguishing
long -term trends from short -term or local variability. A coordinated and
informed programme of monitoring and assessment is needed to properly
assess the impact of grazing on range condition.

In the absence of adequate, functioning range monitoring systems and in the
presence of continuing land degradation, total grazing pressure from stock
and other introduced herbivores needs to be reduced.

STRUCTURAL PROBLEMS

The industry needs restructuring to ensure that properties are potentially
viable and to increase the potential for more ecologically sustainable
landuse. Under current conditions, grazing by livestock continues on some
areas which are non -viable. Non -viability can be the result of inherent
land capability or range degradation (Holmes 1986, Gasteen 1983) or
inadequate property size (Young 1985). This restructuring would best be
achieved through a co- ordinated national approach.

To satisfy some conservation objectives, a balanced representative reserves
system will also be necessary (e.g. Gasteen 1983) and should be a major
goal of any such restructure. The recent initiatives of the Queensland
Government in this direction are to be applauded.

FERAL ANIMALS AND INTRODUCED WEEDS

The current land managers cannot be generally blamed for the introduction
and spread of feral animals and introduced weeds in the rangelands. The
issue to be addressed is how to reduce them to acceptable levels and who
should foot the bill. Clearly both society and land managers would benefit
from the control of feral animals and introduced weeds. Therefore both
parties should bear some of the cost.

Some land managers are going to great lengths to eradicate or control some
introduced species on their properties with minimal external assistance.
The initiative shown by these people should be applauded. Some land
managers are only active with funding, and this activity is a positive
step. Other land managers are not very active at all. Society must define
more clearly what level of stewardship is expected from its land managers.

Control of introduced species is often of limited effect unless done on a
regional or indeed biome basis. It is therefore imperative that land
managers enlist the support of local colleagues to control introduced
species, and again nationally- integrated action would be desirable.

SOCIAL VS TECHNICAL BARRIERS

It has now been nearly a hundred years since Dixon (1892) and Wait (1896)
(both in Lange et al. 1984) flagged problems with land degradation and
highlighted management techniques to help deal with them.

Rangelands scientists who write the papers that rangelands scientists read
have defined most of the problems and technical solutions (e.g. Pickard
1991). There is an enormous body of scientific knowledge which has been
built up over many years, but it is not currently being applied. This is a
real and fundamental problem. It will not be addressed by merely producing
more good science. The social barriers to the application of knowledge
need to be addressed.
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One problem inhibiting adoption of more conservation -oriented land
management practices is the resistance of some land managers to change. A
crucial pre -requisite for such change is that it meets (or at least does
not ignore) the goals and needs of the land manager. In the past, land
managers have received conflicting or unrealistic advice from various
government officers, researchers, extension workers and other industry
advisers such as accountants and financiers. Presumably this has improved
recently. Nevertheless, more emphasis needs to be placed on ensuring that
current knowledge is extended in a coherent and useable form to land
managers, is appropriate to the area and is adopted.

The financial health of the enterprise can profoundly affect short -term
decision making and influence the range of land management options
available. The level and quality of financial advice accessed by land
managers is often poor. Improved financial management is one critical area
which needs more attention.

PROMOTING THE POSITIVE

Poor management is not good for the land, the individual enterprise, or the
industry. When targeting the industry for criticism, conservationists must
be careful to distinguish the good from the bad and the industry from the
individual.

Good land managers (e.g. Purvis 1986) are running economically viable
properties and are going a long way towards meeting conservation
objectives.

In the Kimberley, the voluntary conservation reserve for the Purple- crowned
Fairy Wren was the initiative of one pastoralist (Nicholson 1991). This is
another example of what can be done when pastoralists actively integrate
conservation into their economic enterprise.

Such examples should be championed by the industry, government,
conservationists, scientists, extension workers and the like.

LEGISLATION AND GOVERNMENT POLICY

Government legislation has continually over -estimated the long -term
productivity and carrying capacity of the rangelands, and thus enforced
overstocking. Incentives and market structures have also contributed
greatly to historic land degradation and will greatly influence future
trends.

Government policy needs to emphasise, not just in rhetoric, that
maintenance of future productivity is much more important than ensuring
optimum production now. This is another problem which needs a national co-
ordinated approach to rangelands policy and regulation.

An example is the way in which rents are determined. Improved property
value or even carrying capacity are not suitable methods for rental
determination. A rent per unit of grazing pressure would be much more
appropriate especially if it is progressive. "Progressive" in this case
means similar to the tax scale where the rent per unit of grazing pressure
increases as total grazing pressure increases. This is progressive in
terms of improving the relative viability of smaller holdings and more
importantly does not penalise those who stock more conservatively or who
destock areas for land rehabilitation purposes. It also provides an
incentive to eradicate grazing feral animals.

Government programs which aim to move industry towards ecological
sustainability (e.g. Landcare and Greening Australia) often originate in
wetter and more closely settled areas. These programs need to be modified
to suit the particular needs of the drier two -thirds of the continent.

145



CONCLUSION

Some conservation goals for the rangelands can be met by managing pastoral
land in a more sustainable manner. Other conservation goals will only be
met by managing some areas entirely for conservation.

Land degradation is continuing and the risk of land degradation is
particularly high on the more productive country. The cost to the
community and future generations of overstocking resulting in land
degradation are much greater than the costs of understocking. The people
of Australia have a very real and legitimate interest in the rangelands.
They may bear the long -term cost of land degradation through permanently
reduced productivity or the expense of rehabilitation. More careful
management of total grazing pressure (including feral animals) and grazing
patterns is required to reduce land degradation. Therefore stocking rates
need to be more conservative generally.

Reduced stocking levels, careful grazing management and land rehabilitation
can definitely be profitable, particularly in the long term and if the
reality of extended dry periods is taken into account. This has been
demonstrated by an increasing number of land managers, and in an increasing
number of studies. These examples need to be more actively promoted and
adopted.

Widely -believed misconceptions which promote some types of land degradation
as acceptable pastoral practice need to be urgently countered.

The problem of land degradation is essentially social and political rather
than technical. The challenge for all associated with the rangelands is to
address those factors which are restricting the adoption rate of more
environmentally sensitive management practices. those factors include: the
reluctance to change shown by some land managers; inappropriate or
conflicting advice from various government officers and extension workers;
poor advice from the financial sector; government programs which are not
well- suited to the rangelands; counterproductive government policy and
legislation; inadequate information flow from scientists to land managers;
and a lack of coordinated approach to feral animal control and other
issues.

In the pastoral industry, Government legislation and policy, market factors
and institutions influence the framework for land management decisions.
There are many examples where these parameters encourage management which
promotes land degradation. The best process for improvement would be a
national coordinated approach to ensuring rangelands legislation, policy
and other factors provide appropriate parameters for decision making which
protects the long -term health of the land, and maximises society's benefit.

Meanwhile, a representative system of conservation parks and reserves,
managed for conservation and adequately funded, is needed throughout the
rangelands.
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ABSTRACT

The dramatic change in the western world's economic environment is
characterised by lower inflation, unserviceable indebtedness, lower
commodity prices, greater environmental awareness and a complete
readjustment of values and bank lending policies as an era of greater
financial conservatism develops.

An understanding of this historic turning point in economic developments,
especially in Australia, brings into question many established concepts of
management of our agricultural resources.

This paper questions whether these changes demand a more dramatic rethink
of the management of our western lands to ensure that the economic
imperative of profit (the driving force for private occupancy of pastoral
areas) can sit comfortably with the environmental responsibility being
increasingly demanded by society.

INTRODUCTION

The production of agricultural commodities has been the key to the
prosperity of Australia throughout its history.

The Western World has enjoyed a period of remarkable growth since the
Second World War and consequently, during most of our lifetimes, we have
not been required to deal with major economic upheaval.

Recent events indicate that this period of economic stability has ended,
world growth is transferring to the Asian region and Australia has been
left well behind in economic adaptation to this changing world.

No longer is the production of basic agricultural commodities seen as
providing the future wealth of Australia and recent indications are that
manufacturing will overtake agriculture as our second largest export earner
after mining by 1995.

These changes have significant implications for how we view our
agricultural industries and challenge many well established practices. An
understanding of these changes is necessary to enable policy makers to
ensure best practices are brought to rangeland management in order to
ensure economic viability can exist hand in hand with environmental
responsibility.

WORLD ECONOMIC CHANGES

After the Second World War a period of economic stability with enormous
growth occurred. This period was ensured by the agreement at Bretton Woods
in 1946 that the US dollar would be backed by gold at a value of
US$35 /ounce. The USA had ample gold reserves in Fort Knox to ensure it
could redeem offshore US dollars in gold at this value until about 1970.

During the period 1946 - 1970, the USA had been able to print more US
dollars without affecting the gold standard or causing inflation to be a
problem. However, by the early 1970's offshore US dollars exceeded the
value of gold held in the USA and the USA consequently had no choice but to
allow the gold price to float. At the same time oil prices were
dramatically escalated by OPEC and the runaway inflation of the 1970's
occurred.

148



The fact that this decade of high inflation occurred while both the
financial and exchange markets were regulated proved a disaster for
attitudes towards savings. With high inflation and low returns being
offered on savings the only sensible investment philosophy was to borrow to
purchase capital assets. We thus created a mentality, especially in
Australia, that it does not pay to save to buy a capital asset in the
future.

By the early 1980's it was soon realised that Australia had insufficient
savings to continue to finance its living standards, and it had become less
attractive for overseas equity investment. This was in fact the case in
most of the western world as is now obvious by the indebtedness
accumulated in USA, Canada, UK and Australia.

The growth in Asia (Japan in particular) and the EC (West Germany in
particular) was causing the world's money supplies to be accumulated in
those countries.

If an immediate drop in living standards in western countries was to be
avoided, borrowing from the new wealthy was necessary and has occurred on a
significant scale. As we all realise, a continuation of this borrowing is
not viable in the long term nor desirable if a country is to adapt to
changed circumstances in order to maintain its traditional living
standards. There is ample evidence worldwide of countries which have
overborrowed without internal adjustment to changed circumstances. Lower
living standards, social unrest, political instability, a depreciating
currency, high inflation and high interest rates are all characteristics of
countries which have lost their direction.

The 1980's were characterised by continuing current account deficits,
relatively high inflation and high interest rates, rampant speculation
using borrowings which were too easily available in a deregulated financial
system and a general realignment of world currency values.

The collapse of much of the speculative bubble in the 1987 to 1991 period
has now ushered in a potential era worldwide of greater financial
conservatism. The realisation that real wealth is only created by genuine
productivity and not speculative paper shuffling gives hope for a new era
of stability in the decades ahead. Deregulation of financial markets will
prove to be a key element in controlling speculation on capital gain in
future years. Since deregulation interest rates worldwide have tended to
settle at two to three times the rate of inflation. If inflation escalates
again then interest rates will rise significantly also, making borrowing to
back inflation alone a poor investment. Viable borrowing in future years
will be based principally on productivity and not on potential speculative
gains.

Current expectations are that this era will be characterised, in the
Western World, by slower growth rates, lower inflation, gradual debt
reduction, lower capital values better reflecting productivity and a
reduction in expectations of higher wages and costs by individuals. The
growth in Asian markets will continue and will provide opportunities for
those who can adapt to meet the needs of these emerging markets.

WORLD COMMODITY PRICES

The effective purchasing power of all our major agricultural commodities
has been decreasing since the early 1950's, but more rapidly since the
1970's. At the same time, the costs of production have been escalating.

Increases in productivity have allowed production to remain relatively
profitable until the last decade when prices in general have fallen below
the long term trend line of viability for existing production systems
(ABARE 1992).

Gradually falling effective prices were countered in the two main world
producing centres of the EC and USA by continuing escalation of support by
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Government through subsidies both for production and for marketing.

This was occurring at a time when Australia's capacity to continue its
minimal support for agriculture was being reduced because of its poor
industrial performance. Agricultural producers in Australia have
consequently entered their worst period of profitability since the Second
World War.

There is however a realisation worldwide that continuing subsidy of
agricultural commodities is extremely distorting to world trade and to
efficient and effective allocation of productive resources. Whilst a
gradual reduction in support is proving difficult to agree on at GATT,
gradual reforms of the EC's Common Agricultural Policy (CAP) are occurring
and are likely to be matched in the USA as a result of a final GATT
agreement. Developments in the next year or two will indicate if we are in
fact at the end of an era of gradually declining real agricultural prices.

Economic rationalism is not the only force at work in pressuring reform in
agricultural practices worldwide.

Consumers are not only demanding food safety and purity but are also
increasing their concern for lifestyle. This concern is manifested in a
growing concern for environmental responsibilities on the part of all those
involved in land use throughout the world.

AUSTRALIA'S ECONOMIC DILEMMA

The Australian economy is undergoing its most dramatic change since the
1940's. The era of relative stability and prosperity through which most of
us have lived, has ended. Every aspect of Australia's economic structure
is under question. There is a gradual public realisation of the enormity
of the economic adjustment which is necessary.

This adjustment must recognise that to compete in world markets our price
must be competitive, our quality excellent and consistent, our supply
consistent and efficiently transported. These adjustments will require new
capital investment as well as changed attitudes to work practices,
transport and handling systems and to the expected returns from various
enterprises.

Agriculture and mining, which created our relative prosperity during the
past 50 years, no longer have the capacity to protect our small
manufacturing base from overseas competition nor to provide the total
income necessary to maintain past living standards.

Our overseas debt, built up to maintain our living standards while we
attempted to adapt to these changing circumstances, is an added burden to
our economy.

Australia's competitiveness in terms of productivity per labour unit
indicates that we still require significant structural adjustment to take
place.

Nevertheless, we have been able in the last three years to increase our
exports of manufactured products significantly. Manufactured exports have
grown by about 16% per year and if this growth continues, they will exceed
agricultural commodity exports by 1994/95 unless there is a considerable
recovery in agricultural prices.

This trend is encouraging and is a sign of the type of Australia we will
develop as we move into the twenty -first century.

There is an expectation that an era of financial conservatism will ensure
lower inflation rates and lower interest rates, resulting in a realignment
of capital values to reflect earning capacity rather than a speculative
element of capital gain. The lack of savings and investment capital in
Australia is likely to ensure that this expectation is fulfilled.
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This adjustment in manufacturing, as tariff protection is reduced, is just
as traumatic as for individuals involved in rural industry where
significant structural adjustment is also occurring.

The economic changes outlined will have significant impact on attitudes to
as well as structures for rangeland management throughout Australia.

RANGELAND MANAGEMENT IMPLICATIONS

The collapse of the wool industry has created severe economic hardship for
many in the pastoral areas of Australia. When combined with the recent
drought in much of eastern Australia, an immediate crisis of significant
proportions exists. Current problems are however not new and are
symptomatic of the long term trend in wool and sheep prices.

What are some of the likely implications for the management and ownership
structures of rangeland resulting from this period of economic adjustment
in Australia and the changing economic world structure?

CAPITAL VALUE ADJUSTMENTS

Land values and lease values have tended to reflect both the productive
value of the land as well as an expectation of future capital gain. If the
expected period of low inflation eventuates then we must expect the values
of land to remain static or drop to reflect the productivity of the land
without anticipation of capital gain.

The adjustment of rural land values to better reflect productivity will be
an ongoing process.

Given that there is little likelihood of significant recovery in the wool
industry before 1996, this adjustment is likely to continue as smaller and
indebted producers are forced to leave wool production in pastoral areas.

Under this pressure both lease payments and restrictions on size of
enterprise must both be brought into question.

Economic pressures on smaller enterprises will undoubtedly demand greater
aggregation. Although this has been allowed and has been occurring over
recent years, there is still a "living area" mentality and a welfare level
entrenched from past practices in managing government owned pastoral areas
in NSW (Hassall & Associates, 1982).

While aggregation will continue there is likely, under present policies, to
be a significant number of small producers who will "hang on" despite
inadequate returns.

AGGREGATION OF LANDHOLDINGS

The aggregation which was financially possible and which occurred following
the 1987/88 wool price rise is now essentially completed and further
aggregation to assist uneconomic entities to leave the industry will be
more dependent on the introduction of outside capital or borrowings by
existing producers.

One major source of outside capital in future years will be in managed
superannuation funds. In order to allow market forces to aggregate
western land holdings, several essential changes would need to be made to
government thinking.

Firstly the concept of joint ownership of leases between a corporate
investor and an existing leaseholder would need to be allowed. In this way
the corporate investor would ensure a holding of a size sufficient to
provide an adequate return to investors without debt servicing and the
current management expertise of top performers in pastoral areas could be
more fully utilised.
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Secondly, large holdings would allow stricter controls on stocking rate to
be exerted when compared to the current compassionate approach taken to
smaller "struggling' landholders. Evidence exists (MacLeod 1990) that
larger holdings are more likely to be able to afford to employ long term
sustainable stocking rates, a critical factor in ensuring a reversal of
land degradation in pastoral areas. Reductions in long term stocking rates
could be imposed on aggregated areas much more justifiably than on the
smaller less viable or non -viable areas.

In an Australian economy which will be much more market driven it appears
as an imperative that the market place be allowed to determine the
appropriate size of pastoral leases. Such a move will over time ensure the
most efficient and effective long term economic units develop.

The environmental responsibility being demanded by society can best be
ensured by this aggregation combined with realistic and consequently
affordable stocking rate controls which could ensure a stop to land
degradation and a gradual reversal of this trend while ensuring
economically viable land use practices.

FINANCIAL MANAGEMENT

The lower returns to wool and mutton production likely over the next few
years will put pressure to varying degrees on those landholders who are
small in size or significantly indebted or both.

Lower interest rates have offered some relief, however, the capacity to
generate capital repayments from present earning capacities is limited.

The most important management decision at present is to ensure that debt is
refinanced under the best possible terms. For those with a viable
enterprise, easily able to service their interest payments, private
borrowing is now an attractive proposition. The margin between deposit
rates and bank lending rates is high and private lenders can provide a
singificantly cheaper source of finance to secure borrowers than can
generally be obtained from the banking system. Such borrowings are not
suitable to all and do have some restrictions but should be considered as a
possible alternative when refinancing.

Short term financial management options for pastoralists are limited. In
the longer term there are significant benefits to be obtained from
financial diversification through appropriate provision of working capital
and off farm investments. The longer term extreme variability in earning
capacity of pastoral enterprises demands that adequate provision should be
set aside in profitable years to carry producers through lean price years
or drought years. Indebted producers find this almost impossible to
achieve.

The monitoring of financial performance is essential to obtaining an
understanding of the relative performance of any enterprise compared to
normal expectations. For producers to ensure long term viability in the
current economic climate they should be above average in production /head,
prices received, lambing percentage, weaning percentage and in cull sheep
sales. Monitoring of these key production and price elements is essential
if a businesslike approach is to be taken to pastoral enterprises.

MARKET RESEARCH AND MANAGEMENT

Most pastoral areas have a limited choice of enterprises with wool, mutton
and beef in some cases the only choices.

Passive price taking has been and still is the normal expectation of most
pastoralists.

With the wool market now exposed to free market forces and likely to remain
so, producers are faced with making significant choices as to marketing
systems which can best ensure optimum returns.
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The wool market since June 1991, has already shown considerable volatility.
Growers of wool do have a choice as to when they sell their wool.
Monitoring of the wool market, combined with some research on past trends,
will allow producers to determine if they are selling at a potential low
point.

The Sydney Wool Futures Market has provided hedging opportunities over the
last twelve months which could have secured from 50 to 100 cents more per
kilogram clean to an astute marketer.

The price for the February 1993 contract has varied from 700 cents to 575
cents at time of writing. Given the stockpile and its likely impact on any
price rise, seasonal increases in price should be seen as potential
opportunities to hedge at least part of a clip.

In the era of market deregulation all producers will need to take greater
responsibility to ensure they receive the best market price possible than
was necessary under the reserve price scheme.

ENVIRONMENTAL PRESSURES

Concern for the preservation of our various environments is a worldwide
phenomenon and will influence rangeland management policies to a greater
degree in future years.

Pastoralists are undoubtedly vitally concerned to ensure long term
sustainability of their holdings but are often forced by economic
circumstances to stock at levels which lead to degradation of vegetation.

If society genuinely wishes to ensure that degradation is reversed then the
economic size of pastoral holdings will need to be significantly increased.

The acceptance of corporate ownership of pastoral leases under strict
environmental controls must be given serious consideration in developing
new policies which can ensure environmental responsibility.

CONCLUSIONS

Changes to world economic conditions forcing the Australian economy to
undergo a radical change to a world market oriented approach puts into
question the suitability of present pastoral land ownership and management.

Deregulation of the financial system, the exchange rate and the wool market
is impacting heavily on established practices and structures in pastoral
areas.

If a genuine attempt is to be made to match the economic imperative of
commercial land use with environmental responsibility, changes to the
tenure restrictions of pastoral lands appears necessary. Much larger
holdings would allow stricter controls on stocking rates to levels which
would ensure land degradation was reversed.
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WESTERN LANDS LEASE RENTALS: REASONABLE, RIP -OFF OR RORT?

John Pickard
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reasonable adj. 3 moderate, or moderate in price (Macquarie Dictionary)
rip -off n. an excessive charge or price; swindle
rort n. 1 a trick; lurk; scheme (Macquarie Dictionary of Australian
Colloquialisms)

ABSTRACT

Since 1902, rents for grazing leases in the Western Division of New South
Wales, and wool prices, have remained constant in real terms. All other costs
of running a grazing property have increased. Grazier lobbying has been
accepted by the NSW Government and Western Lands Commission who have been very
reluctant to increase rentals to reasonable levels. As a consequence, graziers
are paying minuscule rents, and taxpayers in the state are subsidising their
grazing enterprises. Further, rents may be deferred and rebates granted in
cases of financial hardship. A more equitable rental system would be based on
a percentage of the unimproved capital value of the lease, and indexed
annually using commodity prices.

INTRODUCTION AND LEGISLATIVE BACKGROUND

In 1884, the NSW Crown Lands Act created the Western Division as an
administrative region over virtually all of the semi -arid rangelands of the
state (Fig. 1). Rather than being converted into freehold, land was leased.
In the late 1890s, recession, droughts and the cumulative impact of
overstocking ruined many graziers. The government investigated the causes of
the problems in a Royal Commission (1901). The major outcome was the Western
Lands Act, 1901. The Act came into force on 1 January 1902 and established the
Western Land Board (currently Western Lands Commission, WLC) to administer the
Western Division.

Today, some 90 years later, over 93% of the Division remains leasehold under
the Act which controls all aspects of land use, management and administration.
In return for the privilege of sole use of the land in a western lands lease,
lessees must: '...pay rent annually in advance.' (S18, Schedule A). The
amount of the rental is set in Part VI and S.19C(2).

Rent is a continuing irritant to many lessees and especially to grazier
organisations such as the NSW Farmers Association. Typical comments are that
'excessively high rentals are stifling progress', and even 'high rentals have
sent several graziers bankrupt'. Others, (rarely lessees!) argue that rents
are totally concessional, and represent the least of the fixed costs in
running a property: 'an average grazier spends more money on tyres than on the
rental'. Given such a disparity in views, it is appropriate to examine
available data on rentals.
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Figure 1.
Map of Australia showing
location of the Western
Division (stippled) in
the arid zone (hatched).
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Figure 2.
Changes from 1902 -1990
in nominal values of
total rental income from
the Western Division,
and total expenditure of
the WLC. Source: WLC
Annual Reports.

Figure. 3.
Changes from 1902 -1990
in real (1990) value of
total rental income from
the Western Division,
and total expenditure of
the WLC. Fitted
regression line on rents
omits 1902 and 1970, see
text for details.
Source: WLC Annual
Reports.

In this paper I consider changes in rentals of grazing leases under the
Western Lands Act ('western lands leases') from 1902 to 1990. Specific aspects
considered are: total value of rentals and costs of administering the Western
Lands Commission. These results will be compared with wool prices and indices
of costs of agricultural production to determine the relative values of
rentals and other costs. Results here summarise more complete analyses to be
presented elsewhere (Pickard, in preparation a, b).

SOURCES OF DATA AND INDICES, AND DATA MANIPULATION

The bulk of the data used in the paper come from every fifth year of the
Annual Reports of the Commission from 1902 to 1990, i.e. 1902, 1906, 1910,
1915,... giving a total of 19 time periods. Nominal values in the raw data
have been converted using the long -term linked series of retail price index
compiled by the Australian Bureau of Statistics (ABS 1990).

RENTAL INCOME 1902 -1990

The nominal value of total rental income from the Division has increased
enormously from 1902 to 1990, but only after 60 years of constant values (Fig.
2). As land was brought under the Western Lands Act, there was a fall of 50%
in rental income from 1902 to 1906. Since 1950, and more particularly, since
1980, the trend has been a steady increase. It is this trend that graziers
claim is causing hardship: 'My grandfather took up this lease in 1902 and only
paid 30 pounds rental. I am now expected to pay $1100! The government is
ripping me off!'
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However, when the values are standardised into real 1990 dollars, the trend
is markedly different (Fig. 3). Instead of an exponential increase, there is
an slight but non -significant decrease from 1906 to 1990. High values in 1902
and 1970 are exceptional, but for different reasons. The high value for 1970
is a result of moderate nominal values and stationary retail price index.
Rents in 1902 were still high as they were based on the old rents of the Crown
Lands Act rather than the concessional rents of the new Western Lands Act.
Omitting these two years we obtain a rather weak regression equation:

4 RENT = 15413607 - 6779 DATE (R2 = 21.3%, p = 0.06)

The slight rise in 1990 follows the 1989 introduction of minimal rentals of
$70 to ensure that the rentals at least covered the cost of administering the
tenure (S19E and Regulation 50D).

WESTERN LANDS COMMISSION EXPENDITURE 1902 -1990

Nominal expenditure was constant from 1902 to 1965, but has increased
exponentially since (Fig. 2). Expenditure in real 1990 dollars shows a
substantially similar pattern (Fig. 3). Decades of relative stability were
broken by relatively small increases until 1965 after which expenditure
increased markedly. The increase from 1985 to 1990 is particularly steep.

Until 1975, Commission expenditure was always less than rental income from the
Division (Fig. 3), typically with values only 30% of income. The Commission
was a highly profitable organisation! Since 1975, the position has completely
changed. Expenditure is outstripping rents, and in 1990 was over twice as
high. In the political climate of 'economic rationalism' and 'user pays' of
the late 1980s and early 1990s, this is anomalous. There is no simple
explanation of the increase from 1985 to 1990, but it may represent the cost
of the Commission attempting to protect the environment in the Division.
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Figure 4.
Changes from 1902 -1990
in real price (1990
cents) realised per kg
of wool for Australia.
Source: BAE (1973),
NCWSBA (1980/81-
1990/91).

Figure 5.
Changes from 1945 -1990
in index of cost of
interest paid by NSW
farmers on borrowed
capital, and cost of
maintenance of
machinery, equipment and
motor vehicles (both
adjusted for inflation),
base year 1990 =100. No
data for years
1902 -1940. Source: ABARE
(1992), C. Johnson
(ABARE, pers. comm. 6

March 1992).



WOOL PRICES AND MARKET INDICES 1902 -1990

The most important single statistic for wool growers is the price of their
wool. Over the last 90 years, the real price of wool has remained virtually
constant, with a single notable exception in 1950 (Fig. 4). The 1950s wool
PPboom is best regarded as an anomaly in the overall trend.

In marked contrast, indices of costs (adjusted for inflation) have increased
steeply over recent decades. The cost of interest on borrowed capital declined
from 1945 to 1960 but has risen steadily since with minor pauses (Fig. 5).
Costs of vehicle and machinery maintenance jumped in 1955, were steady until
1965 and have increased continually since 1975. The disparity between steep
rises in costs and unchanging wool prices are the major cause of present (and
likely future) economic ills of the wool industry in semi -arid Australia.

Rents are clearly anomalous compared with other costs. While rents have
remained constant or slightly decreased, all other costs have increased
substantially.

RENTAL REBATES

One provision of the Western Lands Act that is little -known outside the
Division, provides for rebates of rents. S20(1) allows the Minister to grant
a rebate of the rent payable, and Regulation 50E(1b) lists the prescribed
classes of lessees and leases. Rents may also be deferred for periods of up
to 10 years under S20(2). "Interest would not normally be applied where
approval has been given for deferral." (Anon 1991).

There is no similar provision in the Local Government Act to allow rebate of
local government rates in similar circumstances. Most local governments do
make provision for extended payment of outstanding rates, but usually require
that interest is payable at close to market rates.

Rents and local government rates are often of similar magnitude in the
Division. Yet, there is rarely the same invective directed towards rates. The
reason is probably simple. Rates are used to maintain roads, etc. thus
rate -payers can see tangible uses of their money. Rent is paid to the
Commission which is perceived as an interfering bureaucracy. Many lessees
apparently forget that the land is owned by the Crown, and as it is
fundamental to their grazing enterprises, then a rental should be paid.

RENTALS: REASONABLE, RIP -OFF OR RORT?

Lease rentals may be the only cost of running a grazing property that has
remained stationary or slightly decreased in real terms over the last 90
years. Thus it is impossible to rationally sustain the 'rip -off' argument. It
is equally difficult to conclude that they are reasonable when they are so
low. No commercial landlord would dream of renting property which exceeds 40%
of New South Wales for peppercorns and with no allowance for inflation!

Minimising costs is an essential part of running a grazing enterprise.
Graziers and their organisations lobby the elected government and the
Commission to delay rent increases, and expand concessions. A recent example
was (unsuccessful) opposition to amendments to S19C(7) which reduces the
period between redeterminations of rents from 10 years to 5 years (S19C(7)).
This minimises the time during which rents remain fixed in nominal terms, but
declining in real terms.

How many graziers are involved? The two grazier organisations (Pastoralists
Association of West Darling) and Western Division Branch of the NSW Farmers
Association have ca 120 and 600 financial members each. In 1992 there are
perhaps 1800 properties. This relatively small number of graziers is very
adept at ensuring that their rents remain concessional indefinitely. While
they do so, the taxpayers of New South Wales are unknowingly subsidising the
graziers of the Western Division. Thus I conclude that western lands lease
rentals are a rort perpetrated on the taxpayers of New South Wales by
successive elected governments and Western Lands Commissioners who have bowed
meekly to the pressure of a very few graziers.
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THE FUTURE: EQUITY AND AN END TO THE RORT?

There are three components of a rental system: the basis, which should be
related to the 'income -generating potential' of the land (i.e. better land
should attract a higher rental); the level of the rental; and indexing the
rental to match inflation.

Rents are currently based on one of the simplest measures of the income -
generating potential of the land, sheep areas: the area of land that will
carry one sheep year in, year out for at least a decade. Virtually all current
assessments of rental carrying capacity (total number of sheep areas /lease)
were made in the late 1940s and early 1950s with very few changes since
despite substantial increases in estimated carrying capacity (Pickard 1990,
1991). Thus many current rentals are based on underestimates of rental
carrying capacity (Pickard, in preparation b). However, an increasing number
are now overestimates as woody weeds spread, become more dense and reduce
productivity of the land.

The first alternative is to base rents on the numbers of sheep carried on a
given census date. Traditionally Rural Lands Protection Boards (RLPBs) levied
rates in this way. The Royal Commission (1901) was skeptical of this approach,
concluding that lessees would understate stock numbers. Indeed, Young and
Miles (1982) found persistent and considerable under -reporting in returns to
the RLPBs. This system relies on self -regulation and is clearly being abused.
More recently the RLPBs have moved towards a system of assessment similar to
that used by the Commission.

The second alternative is to impose a levy on the produce of the lease. This
is generally assumed to be not permitted as it is a tax, rather than a rent.
The third alternative is "grazing fees" of the type charged by the Bureau of
Land Management for leasehold federal rangeland in USA. This is not
appropriate to the Division as the land here is leased for the sole use of one
person. In USA, the leased rangeland is a common resource, grazed by groups
of ranchers (Libecap 1981).

The fourth alternative is to levy rent as a percentage of some value of the
lease, typically the capital value. Rents on agricultural leases in the
Division are now based on 2.5% of the capital value (S19C(3) & (4)). As the
capital value is almost directly determined by the most recent sale prices of
comparable land, this method is based on the graziers' own assessments of the
income -generating potential: they pay more for better land. It also has the
administrative advantage that capital values are determined by the Valuer
Generals Department, independently of the Commission. If this valuation
includes improvements (fences, waters, etc.) then there is an obvious
disincentive to improve the lease. The fifth option is to use the unimproved
capital value of the lease as the base. This removes the problem just
described, but has the other advantages.

Of the six options, only the last has any real merit. It is based directly on
what graziers think that the land is worth, and presumably this is based on
how much money they think they can make from it. One disadvantage is the lag
in valuation. Values increase in a boom period (mid 1980s), and these persist
into a bust period (early 1990s). The converse is equally true, so the impact
is probably minimal overall.

The level of rental is the next problem. Any increase in the rent reduces the
overall profitability of the lease, and hence the resale and capital value of
the lease. The concessional rentals are now capitalised into the value of the
land. Realistically, the rent will have to be < 5% of the capital value.

Finally, the rent must be indexed. The data presented here show that rentals
are anomalous because they have not been indexed to keep pace with inflation.
Rental income to the State would have been considerably larger and more
equitable (to the citizens of the NSW) if it had been indexed from 1902. The
choice of index is difficult: the retail price index used here is not totally
appropriate, it should be based on commodity prices. Obviously indexed rentals
will fall when prices fall.
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In conclusion, I suggest that rents would be more equitable in the future if
they were based on a percentage of the unimproved capital value of the lease
and indexed annually to commodity prices. A rational decision by the
government of NSW and the Western Lands Commission would end the 90 year rort
that has characterised western lands lease rentals. However, in the present
rural depression, any suggestion to increase rents will meet fierce
resistance. Consequently, rents will remain unchanged for the foreseeable
future.
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BUSINESS OR PROPERTY - THE CHANGING SKILLS REQUIRED OF PROPERTY MANAGERS

Lesley Johnston

Warrego Graziers Association, P.O. Box 51, Charleville Q 4470

Grazing is no longer a way of life

Regardless of a property manager's location or what his commodity may be, the
question for todays manager is survival. Survival not only in the financial
sense but also in running a successful business.

Managers need to come to terms with the notion that grazing, farming,
whatever, is not merely a way of life. It is also a business venture upon
which they themselves and their families depend upon for financial security
and maintenance of their lifestyle.

It is no longer satisfactory or indeed acceptable to "muster the sheep, shear
them and wait for the cheque to come in ". Nor is it satisfactory to blame
misfortune on the weather, bank manager or stock firm.

Today's property manager needs to be proficient in a wide range of skills.
These include management, technical, business, financial and of course
livestock production skills. The time and effort put into developing these
skills can only contribute to the future success of the business.

There is a plethora of technological and industry assistance to help the
grazier develop these skills and to use these to his advantage.

Using outside assistance

Why not use and take advantage of outside assistance? For a long time this
was unheard of and yet it is a valuable use of time and money. Today there
is a myriad of consultants, government departments, investment advisors,
environmental groups etc to help in the successful planning and running of the
business. It pays to shop around but an investment of time and money here can
certainly pay off in terms of increased production and financial stability.

Financial

Take your accountant for example. How many property managers see an
accountant once a year, discuss the weather and worry about the amount of tax
to be paid? Discussions with your accountant need to be an ongoing process,
with plans being made for the present and future. It is no good seeing an
accountant with the transactions already carried out. Certainly, it is the
grazier who makes the final decision, but a bit of help along the way doesn't
go astray. The accountant can also be of great benefit to the manager in
teaching the basics of those business and financial skills I spoke of earlier.

Business and financial skills appear to be the biggest hurdle facing property
managers. Yet they are probably one of the most important. A lot of property
managers are unable to do a simple bank reconciliation at the end of the
month, and then sit wondering where the money went. Just by learning this,
the manager can start to take financial control of his business and not expect
the business to provide him with more than it can.

Together with this, a grasp of budgets, farm plans and cash books are going
to be an essential element in the future. They will be just as important as
a pair of fencing pliers.

Business management ability is another area where the manager needs to develop
skills. This means knowing when you are in the right business at the right
time or even making an additional purchase at the right time. Certainly,
these are hard skills to develop, but in a business where income is seasonal,
the weather unpredictable, and the economy fairly unstable, skills in this
area are essential.
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Technical

Technical and mechanical skills are also essential. The ability to control
capital and machinery expenditure is extremely important both in good and bad
times. Spending simply to avoid tax is foolhardy. Other measures should be
explored here, as with spending when the cashflow may be slow or even non
existent.

This area is particularly suited to obtaining some independent advice due to
any normal person's ability "to spend" when the money is there!

Technical skills in the area of production are extremely important especially
with governments today freeing up the markets for most commodities.
Improving the quality of the product to meet the demands of the buyers and
the public is something that all managers need to look at. Take wool for
example. No longer is there a set price for any type and quality of wool.
Premium product means premium price.

Personnel management

Another area which is sadly neglected in a lot of ways is "people management"
skills. For those with staff, the employee is one of the most important
assets. Effective leadership and organisation of staff means maximum output
with minimum labour costs. For the majority of managers few are actually
trained as employers. It is important for managers themselves to further
their education in this area, just as we try to encourage better skills and
training in employees. Short labour management courses are available and
should be taken advantage of.

The decline of workers in the rural industry is of particular concern.
Property managers should be concentrating on attracting motivated and
qualified people to the industry, keeping them there and bringing this to the
attention of Government.

Adapting to change

Probably the most important area in which skills are required is the ability
to adapt to change and the attitude of the manager toward the running of
property. It is also probably the first skill to learn before the others
flow on.

A manager needs to be able to look critically at current practices and
honestly assess whether they are suited to todays changing industry. Can the
business /financial programme change if circumstances change? Can new
production techniques be adopted if the old ones are outdated? Can changes
in political /economic areas be accommodated with the running of the business?

Adapting to change means that the grazier needs to utilise and recognise the
resources of his family. The impact of change on the family also needs
assessing. Change also means looking at diversification of the business if
necessary.

Probably the first thought that every property manager will have when
confronted with these issues is "I don't have the time ". Time needs to be
made to survive the rapidly changing agricultural environment in Australia.

But by setting out goals and objectives and trying to achieve them, even if
slowly, will mean a more successful business in the long run.
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THE IMPACT OF CHANGING EQUITY LEVELS AND DEBT STRUCTURES ON WESTERN
QUEENSLAND GRAZING PROPERTIES AND ASSOCIATED INVESTMENT ISSUES

P.A. Newman

Department of Primary Industries, Arid Zone Institute, Longreach, QLD, 4730

ABSTRACT

This study focussed on issues related to equity levels on grazing
properties in western Queensland and also on the investment options used by
producers over the period of the last half of the 1980's. With the
favourable wool prices over much of the study period, debt levels across
western Queensland grazing properties rose. Falling equity levels towards
the end of the study were due mainly to a substantial drop in asset values.
A significant rise in the proportion of funds loaned for land purchase was
found and this was consistent with the 9% rise in average area over the
period.

Data on the benefits of expanding property size indicated that producers
purchasing additional blocks of grazing land could afford to pay up to 10-
15% more and still be as well off as an individual with no existing land.

Just over half of the producers were able to invest funds in additional
areas as opposed to investing back into the existing property.

INTRODUCTION

Background

Past decisions influence the scope for negotiating present and future
conditions. The impact of these decisions are felt most strongly when
decisions based on one plane of economic conditions and forecasts have to
then be felt over a variety of economic conditions.

Changes in equity levels are relevant for all rural producers although they
become most relevant when the business is to be sold. Also of interest are
decisions made by producers during times when opportunity exists for
investment either back into the industry or in other investments off the
property.

An Australian Wool Corporation supported (funded) study of 62 grazing
businesses was undertaken for the mitchell grass downs with data collected
for the period 1985/86 to 1989/90. Nine of these producers had information
for less than this period.

Scope and limitations

The aim of this paper was to cover three areas in relation to investment
issues in grazing:

(1) Examine changes in equity and its distribution over the study
period.

(2) Discuss investment decisions made by producers over the period.
(3) Discuss the key factors influencing the price of grazing land

in western Queensland.

A major strength of this study is the large sample sizes from three
relatively homogeneous resource regions. The results should be reliable
estimates for mitchell grass grazing areas in western Queensland.

The need to value assets, in particular land, in a thin market, is a
limitation of this study as they are subject to author interpretation of
limited objective information.

Another limitation of the study was that information was collected only up
to the 1989/90 financial year, with the figures for 1990/91 financial year
representing estimates from the 1989/90 results.
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METHODS

The study area was stratified into three resource regions - Blackall
mitchell grass (22 properties), Longreach mitchell grass (21 properties)
and Julia Creek mitchell grass (19 properties). Calculated averages shown
in this paper represented a weighted average for the three regions rather
than being applicable to any one region in particular.

Data were used to study the trends in assets, debts and equity levels with
specific reference to estimated changes in equity for the 1990/91 financial
year. In addition to the magnitude of debt levels, changes in the
composition of funds loaned for rural purposes were examined.

An analysis of the economic benefits of expanding holding size relative to
buying a property if no country was previously owned was carried out. Only
a small number of people expanded their holding relative to the number in
each stratum. Investment options utilised by producers over the period were
also addressed.

Where specified, a small property is one with up to about 8 000 dry sheep
equivalents (dse's), a medium property is one with 8 000 to 12 000 dse's
and a large holding is one with more than 12 000 dse's.

Components of assets and debts were expressed in terms of absolute dollars
and then adjusted to sheep area values based on the following recommended
long term stocking rate estimates:

(1) Blackall mitchell grass downs = 1.2 ha /dse
(2) Longreach mitchell grass downs = 1.4 ha /dse
(3) Julia Creek mitchell grass downs = 1.7 ha /dse

A sheep area was defined in this paper as the amount of land required to
run a wether (dry sheep). It was based on the above long term recommended
stocking rates which were based on Department of Lands estimates for the
regions. These will provide a consistent basis for assessment of changes in
assets, debts and equity and facilitate easy comparison with results from
other regions.

All values were expressed in 1990 dollars.

RESULTS

Changes in debt and equity levels

(a) General trends

Shown in Table 1 are trends in total asset values, debt levels and equity.
Total asset and land values basically followed the wool market with rises
from 1985/86 to 1988/89, and falls in 1990 and 1991. While the trend in
debt levels was generally upwards, seasonal factors did influence these
levels from year to year. Despite the very favourable wool prices
experienced over much of the period, average debt levels remained
conservative relative to the value at the time of assets employed in the
business.

With the significant change in wool market conditions during 1990,
estimates were made of the effect of a decline in both land and sheep
values on equity levels of grazing businesses. All 62 producers were
included in this analysis.

The estimated fall in equity across the region from the peak in 1988/89 was
over a third with equity ratios falling by 5 -6% from that peak. Even though
the peak in asset values was short -lived, equity levels in 1990/91 were
estimated to be lower than those in 1985/86 in real terms (see Table 1).

There were no significant differences in debt levels and equity ratios
between the three mitchell grass regions in western Queensland.

163



Table 1. Trends in asset values, debt levels and equity levels for
western Queensland grazing properties ($ /sheep area).

Economic measureA 1985/86 1986/87 1987/88 1988/89 1989/90 1990/91

Total assets ($ /sheep
area) (A) 117 127 155 169 154 109

Total debts ($ /sheep
area) (B) 13 14 12 16 16 16

Equity ($ /sheep area)
(A -B) 104 113 143 153 138 93

Equity ratio ( %) 88 88 91 91 89 85

A) The sample size of 53 was for the first year with the data from the
other 9 businesses included during subsequent years.

ABARE (1991a) found that the average equity ratio for sheep properties
throughout Australia was 86% in 1990/91 with the regional map suggesting
that equity ratios for grazing businesses in the mitchell grass regions
examined in this study were between 80 and 85 %. This is similar to the
equity levels found in this study.

Producers in financial difficulty

Changes in the wool market since 1990 have increased the vulnerability of
wool growers because of a fall in asset values and the potential for rising
debt levels due to significantly lower wool prices.

With falling interest rates and generally favourable seasonal conditions in
1990/91, it is likely that debt levels remained relatively unchanged during
the 1990/91 financial year with land and sheep values adjusted according to
1991 estimates.

Shown in Fig. 1 is the distribution of equity ratios for both 1989 and
estimates for 1990/91. Several noteworthy points which were based on Newman
(1991) emerged from this analysis:

(1) For 1990/91 it was estimated that 30% of producers have little
or no debt (equity ratio in excess of 95 %); 30% have low to
moderate debt levels (between 85 and 95% equity ratios) and;
40% have significant to high debt levels (less than 85% equity
ratio) for their grazing businesses.

(2) Significant falls in asset values have an exponentially greater
effect on individual producers with lower initial equity
levels.

(3) About two -thirds were above the average equity figure and one -
third below.

(4) About a quarter of the grazing businesses had equity ratios
below 70% in 1991 with 10% perceived to be in considerable
financial risk.

Producers who expanded over the period are likely to be in a better
position to negotiate the industry difficulties than those who have large
debts for other reasons such as drought, purchases of machinery or buying
out family members within the existing business structure.

Based on projections in Newman (1992), it was estimated that farm cash
income for a typical property in the Longreach area would be around $10 000
in 1990/91 and -$30 000 for the 1991/92 financial year.

With wool prices still low, it is anticipated that more producers will fall
into the 'at risk' category despite the lower interest rates. In addition,
there is increased vulnerability to adverse seasonal conditions. The extent
of these will depend largely on trends in wool prices.
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Figure 2. Changes in the purpose of debts for western Queensland grazing
properties

Changes in purpose of debts

Changes in debt composition over time are shown in Figure 2. Working
capital requirements after the 1988 drought were a contributing factor to
the increase in debt over that period but the continuation of this trend in
1990 was due to expansion of property size by some producers.

There was an upward movement in the proportion of debts incurred for land
purchase with an increase from 48% to 65% over the period. Average property
size in the survey increased by about 9% over the period with the majority
of this being financed from borrowed funds.
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Advantages of expansion of property size

Economies of size existed for western Queensland grazing properties. These
depended mainly on fuller utilisation of family labour with economies of
size for cash costs limited (see Newman 1992). It is likely that producers
who are expanding their property size by purchasing a block nearby are able
to effectively pay a higher price than a person who is new to the industry
and still be in a better financial position because of the potential for
larger businesses to spread their overhead costs relative to smaller
businesses. As one producer said: "A 5 pound per acre property was worth
one pound more to the bloke next door than another buyer'. The results of
this analysis are shown in Table 2 below:

Table 2. Extra benefits associated with purchase for expansion relative
to purchase of first property.

Extra benefits Combined mitchell grass

Number in sample 7

Extra land as % of initial area 53.6%

Extra cash benefits: $ /ha $ /sheep area
- reduction cash costs 0.56 0.83
- reduction capital costs 0.57 0.83

Extra debt that can be serviced:
- reduction cash costs $29 865
- reduction capital costs ;29 906

Extra price that could be paid for land and ; /ha ; /sheep % of
still be as well off: area value
- reduction cash costs 3.19 4.69 5.70
- reduction capital costs 3.19 4.70 5.70
- total 6.38 9.39 11.40

Interest rates were assumed to be 12% with the criteria for ability to
service debt being repayment (principle and interest) of the extra debt
over ten years.

From the figures in Table 2, the estimated extra price that could be paid
through the reduction in running costs was about 6% of the value, while for
estimated capital costs, it was about 6 %. However, large differences in
these ratios existed between individual properties.

Overall, this component of the study showed that producers purchasing
additional blocks of land in the region can afford to pay up to 10 -15%
($1.50 to $2.25 per dry sheep equivalent) more than an individual who does
not already own grazing land and still be better off. This was based on the
extra land purchased being equivalent to a small holding in each region
with most purchasing producers increasing from a medium to a large holding
relative to other producers in the region.

Options for investment used by producers in the study

It was of interest to establish investment options utilised by producers
over the five year period. Included as an investment option was the
situation where a producer used funds to invest back into the property, pay
debts, or to mitigate against drought. These were all grouped under the
category 'back into the property'.

Only about 20% of small producers had significant off -property interests
and few of these resulted directly from returns generated over the five
years but were a product of time in the industry. About 75% of both medium
sized and larger producers were able to generate returns sufficient to
either consolidate or start making off -property investments. Of the
estimated 40% of producers with less than 85% equity, none had significant
off -property investments which were unencumbered. The amount of off -
property investments was in favour of those with lower debts. This is to be
expected and it does serve to highlight the disparity of misfortune as a
result of the wool market downturn.

166



Summarised in Table 3 below are the main categories
and the proportion of producers who undertook each.

Table 3. Investment options utilised by producers
from 1985/86 to 1989/90.

of investment options

in western Queensland

Type of investment Number of
respondents

% of
total

Back into property (e.g. debt repayment,
improvements) 28 45%

Purchase extra grazing land 9.5 15%

Borrowed funds for off- property interests
8.5 14%

Other full equity investments and combinations of
several investments (e.g. shares, house) 16 26%

Totals 62 100%

Factors influencing the price paid for grazing land in Western Queensland

Questions often asked in the region relate to the main influences on land
values and what is in fact a fair price to pay for grazing land. Some of
the influences on the price of grazing land are detailed below:

(1) Current and expected wool and, to a lesser extent cattle
markets.

(2) Scope for economies of size. Producers who are expanding into
an additional property are willing and able to pay more for a
property than someone who is new to the industry.

(3) Availability of feed. It was estimated that the value of
agistment from a property purchased during a dry period is
worth a once -off benefit of $5 per sheep area or $30 per beast
area or about $1.50 per acre.

(4) The value placed on acquisition of assets which are consistent
with the long term interests of the buyer.

(5) The trade -off between higher returns to capital on more
isolated properties which are lower in value and improved
capital gain potential through purchasing more sought -after
country in a favourable location.

(6) Perceptions of productivity and quality of land for wool
production, in particular.

(7) Interest rates.

Data dating back to the late 1960's from grazing properties in the Julia
Creek mitchell grass region indicate that the long term real return on
capital from a well -managed property is in the order of 5% - about 40% of
the long term average bank interest rate or similar to the net rental
return from housing in the Brisbane Metropolitan area.

Potential for capital gain is dictated by timing of sale and purchase and
there is no guarantee of real capital gain in the long term. Recent
economic conditions serve to highlight the potentially volatile nature of
rural asset values.

CONCLUSIONS

At the time of writing, preliminary indications are that rural land values
in western Queensland are holding up better than expected. This is due in
part to a general perception that it is a good time to purchase property in
western Queensland.
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Despite the favourable wool prices over much of the study period, debt
levels across the region did not rise as much as expected with falling
equity levels due mainly to a substantial drop in asset values. Equity
estimates for 1990/91 were found to be similar to the ABARE average for the
region.

It was estimated that equity has fallen by at least a third since the peak
in 1988/89 and that current equity levels are lower in real terms than for
1985/86. About 60% of producers were estimated to have greater than 85%
equity in their businesses but 25% have less than 70% equity Cat risk')
and 10% are under considerable financial pressure.

A significant rise in the proportion of funds loaned for land purchase was
found and this was consistent with the 9% rise in average area over the
period.

Data on the benefits of expanding property size indicated that producers
purchasing additional blocks of grazing land could afford to pay up to 10-
15% more and still be better off than an individual with no existing land.

Just over half of producers were able to invest funds in areas additional
to simply investing back into the existing property. However, only 20% of
small producers were able to do this, while 75% of medium and large
producers were able to invest elsewhere. In addition, no producers with
less than 80% equity had potential access to significant unencumbered off -
property investments.
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ABSTRACT

Attitudes are a person's predisposition to an object or concept which results
in a positive or negative evaluation of the object or concept. Research has
shown that attitudes as such, are rarely a constraint to dealing with issues
of land degradation and management and technology "adoption ". Attempts to
change attitudes are likely to be of little value. This paper argues the case
for participative ecodesign as a means of conducting future rangeland research
and development. To embark on this path it will be necessary for the rangeland
science community to critically question traditions and myths which shape
current practices. These include current conceptions of extension, "technolgy
transfer ", community and human communication. This will be a necessary
precondition to the emergence of participative processes which reverse the
history of subjection of grazier knowledge and values by institutionalised
authority.

A set of values and guiding principles are proposed for participative
ecodesign. These include (i) reinterpreting our relationship with land; (ii)
policy development based on citizen as opposed to individual values and (iii)
acknowledging power in the design process.

INTRODUCTION

The highlighted theme of the Seventh Biennial Conference of the Australian
Rangeland Society was "the dynamic nature of rangelands and rangeland
management ". In the context of this invited paper, I felt it pertinent to
explore whose attitudes were reflected in the decision to highlight this
theme? Did it reflect the conference organisers' attitudes, those of the
community of scientists and advisers we call rangeland researchers and
extensionists, the community of pastoralists who occupy the rangelands, or the
urban electoral majorities, who through the exercise of their democratic
rights, now have the bulk of the political power?

The theme also focuses on dynamics - active change, but in which direction,
for what purposes and in what form? When we speak of change do images of
orderly and gradual change come to mind, much as we might have thought of
evolutionary and successional change? Or do chaos theory and recent state and
transition models of rangeland dynamics provide us with new models or
metaphors of the change process? This raised the question of what was meant
by "changing" in the title I was invited to address - were community attitudes
dynamic in their own right and worthy of monitoring and measuring in the same
way as ecological processes? Or was the attitude, inherent in this title, one
that suggested community attitudes and values, at least in some sectors, were
not dynamic, or changing in the "right" direction, and it was up to us, or
someone, to attempt to change them?

My title also refers to "community" but in what sense? As I have used it above
to indicate "a common professional interest" or "a body of people living in
the same locality" or to indicate "a state of being shared or held in common "?
Finally, it is worth considering whether the concept of attitude or
attitudinal change, is in itself of any utility in our conversation about
rangeland dynamics and change? These are questions which this paper explores
in developing the case for a new ethos for rangeland research and development
(R &D) based on a commitment to participative design which is sensitive to
context and issues of power.

What Can Be Gained By Exploring Attitudes?

Attitudes are a person's relatively stable predispositions to an object (eg.
rangeland burning) or an abstract concept (eg. the environment) which results
in a positive or negative evaluation of that object (eg. rangeland burning is
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hazardous given present laws). Attitudes are seen as a major determinant of
an individual's orientation toward their social and physical environment
including themselves. Mann (1969) identified three components of attitudes:
(i) cognitive, consisting of an individual's perceptions, beliefs and
stereotypes - often termed opinion; (ii) affective, a person's emotions or
feelings toward the object and (iii) behavioural, or the tendency to act or
react toward the object in certain ways.

Attitude Studies in Rural Areas

Some argue that attitudes held in the community affect the management of
change. For example, attitudes held by participants in a community
consultation process of the Murray -Darling Basin Commission (Table 1) have
been described as "motivational forces" and seen as "very important for
decision makers seeking to influence, anticipate or support change management
behaviours" (Anon. 1991). In contrast, Vanclay (1992a) concluded that farmer
attitudes were not a constraint to the adoption of soil conservation practices
and that Australian farmers have high levels of stewardship and
conservationism. In fact there appear to be no empirical studies which
demonstrate that farmer or landholder attitudes are a constraint to dealing
with land degradation in Australia (F. Vanclay pers. comm. 1992).

It is now often argued that knowing what people's attitudes are, may not help
to explain or predict subsequent behaviour. Behaviour is determined not only
by attitudes, but also by external factors in the immediate social situation
- the context. Increasingly though, attitudes are seen as reflecting values,
such that a particular value, or set of values may reflect a range or cluster
of attitudes (Crouch and Payne 1983). Although values change they are seen as
more constant over time than attitudes. Jamieson (1985) concluded that values
were best synthesized around the notion of perception as ..people with
different values may behave quite differently in the same situation because
they will perceive it and organise its constituent elements in different
ways ". This is the same as saying that different individuals will "see" the
same situation as different systems and will therefore perceive change and
what constitutes an "improvement" differently.

Russell (1986) captures the implications of this when he states: `My real
world is different than your real world and this must always be so. The common
ground which is the basis of our ability to communicate with one another,
comes about through the common processes of perceiving and conceptualizing.
The processes may be the same but the end products are never the same. What
we share is communication of the worlds we experience, we do not share a
common experiential world.' Experience, as distinct from a "real world" out
there independent of us as observers, is thus the basis of an individual's
construction of the world in which s /he lives; we share meaning of these
constructions through communication (Russell and Ison 1992).

As humans we have no way of referring to ourselves or to anything else outside
of language. Since language, or what we more commonly refer to as
communication, creates what we call reality, developing a 'shared meaning' (a
notion created by the observer) will involve participation in the task at
hand, of all those who will be affected by the outcome. Based on his
neurobiological research, Maturana (1988) has defined human social systems as
'systems of co- ordinations of actions in language or networks of
conversations' . He thus argues that a change in a human social system can only
take place in the network of conversations that its members generate. From
this perspective a community is seen as those people engaged in a network of
conversations. This definition shapes a different metaphor for that of
community than is now commonly perceived; it captures more elegantly the
meaning associated with the word's roots in the Latin "communis ", literally
"with exchange ".

Shaping new conversations

The theoretical foundations from which rangeland R &D policies and practices
derive are in the midst of a paradigm shift; this is well illustrated by Ellis
and Swift (1988) from their studies of African pastoral systems. They
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acknowledge the social construction of range science and present the view that
pastoral systems are non- equilibrial but persistent, with system dynamics
affected more by abiotic than biotic variables as opposed to potentially
stable (equilibrial) systems which become destabilized by overstocking and
overgrazing. They conclude that "Our view of the world, or our perceptions
of any system, has a great deal of influence on how we go about dealing with
that system."

Rangelands as a term and as a science arose in a particular context. That
context shaped current interpretations of the term today as well as shaping
those practices which consensually are seen to fall within the ambit of range
science. But as currently constructed the pastoralists are all too frequently
left out; without the pastoralists in relation to their land there are no
rangelands (Russell and Ison 1992). To date there has been a limited
understanding of the relationship between Australian pastoralists and their
environment; we have termed this their context. An individual's context
includes their environment of actual history, the environment -to -come of
anticipated goals as well as the environment of beliefs, values and mythology.

On this basis we (Russell and Ison 1992) have argued that much of what is done
in science ignores its context; the case for a new R &D tradition which avoids
being either objective or subjective - a science of relationships or second
order R &D - is made . This paradigm has its origins in hermeneutics (the study
of interpretation), phenomenology (the philosophical examination of the
foundations of experience and action), and neurobiology (which provides an
intellectual framework in which phenomena of interpretation arise as a
necessary consequence of the structure of biological beings). These three
intellectual streams have in common the questioning of our ability to
objectify knowledge and thus see objects and events independent of the very
act of observation. This framework makes it possible to explore the traditions
in which contemporary rangeland science is embedded, and as a consequence, the
network of presuppositions which shape the practices of those involved in
rangeland R &D.

Deconstructing Australian Rangeland R &D Myths

Myths arise when ideas, models or theories relating to social or natural
phenomena become sacred in traditional narrative or discourse in ways beyond
their original intention or scope. In the rangelands three powerful discourses
which have shaped rangeland R &D practice and which appear to have reached
mythical status are: (i) the "transfer of technology (TOT) paradigm; (ii) what
"extension" has come to symbolise and (iii) the belief that institutionalised
R &D has changed things for the better.

Transfer of Technology

There has been widespread criticism of the linear TOT model of agricultural
R &D (Russell et al. 1989; Ison and Ampt 1992) . A pivotal conceptual framework
embodied in the TOT paradigm is the diffusion and adoption of innovations
model of technology transfer. With its associated language (Figure 1), it
shapes how extension is thought and talked about, especially amongst
administrators from a research background. This model was developed in a
particular context, and as so often seems to happen, educators, researchers
and administrators have sought to employ it in contexts in which its
assumptions no longer hold. This has been known for a long time, even in an
Australian rangelands context (Crouch and Payne 1983), yet still it shapes
peoples' perceptions of what extension is.

The TOT model has been shown to be based on a network of faulty assumptions
and powerful and embedded metaphors. They are linked to misconceptions about
what actually occurs in the process of human communication (Russell 1992;
Russell and Ison 1992; Ison 1992). The dominant metaphors are those of
"information transfer " , "information revolution ", "channels of communication ",
and "teaching" (Ison 1989) most of which arise from seeing communication in
the same way as two computers might transfer data. These pervasive metaphors
based on the electronic model of communication of course ignore "meaning
making" which is a singularly human ability with a biological basis.
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There is a Need to Abandon "Extension "!

The word "extension" arose in the Universities of Oxford and Cambridge,
meaning to "extend out from centres of learning ". Extension and extension
science further developed as a discourse in the Land Grant System of the USA.
There and in Australia, it remains today captive of its original linear and
elitist meaning. It is time to abandon the term and the network of jaded
concepts at its core. It is probably too early yet to make claims as to what
should replace it but alternatives are emerging under the rubric of action
learning or research (eg. Webber et al. 1992) and second order R &D (Russell
and Ison 1992).

Discourse and Power or Has Anything Changed in Over 100 Years of
Institutionalised R &D?

In recent research we have explored the patterns of meaning and interpretation
that have accompanied European settlement and the institutionalisation of
technological innovation in the rangelands. Some of the questions we posed
for this research included: (i) how were the rangelands interpreted by
Europeans during exploration in terms of how they might be used /managed ?; (ii)
how had this conception changed up to the present day and what "problems" were
identified ?; (iii) what research was undertaken and what technologies were
developed or recommended ?; (iv) what innovations were reported which appeared
unrelated to institutional activity? and (v) what were the stated outcomes of
the research undertaken?

The research was conducted from the perspective of the French
philosopher /historian, Michel Foucault (Rabinow 1986), who has examined power
as a phenomenon evident in all relations. Thus power knits people,
institutions, technologies, animals, plants and land together via legal
constraints, administrative arrangements, economic factors, scientific
discourses inherited or traditional habits, methods, beliefs and
techniques. The material effects of technologies never act in isolation: they
are always bound up in networks of relations which embed both "subjects" the
people who use techniques /tools /machines - and "objects" - whatever is acted
on, worked on referred to or brought into use by technology - in relations of
power (Mackenzie 1992).

Mackenzie (1992) identified four main technological lineages relating to
institutional involvement in pastoralism; (i) survey /surveillance
technologies; (ii) boùndary technologies; (iii) pasture technologies and (iv)
technologies of animal control /production. In respect of the survey lineage
it was found that: "The continuity at work in the technological lineage of the
survey, whether carried out through theodolite or satellite, consists in the
fact that objectification of the land and the subjection of the grazier are
consistently intertwined throughout the succession of discourses..." The
focus has moved from seeing the Western Division as a drought prone grazing
area ravaged by inappropriate settlement policies at the turn of the century
to a "rangeland ecosystem" which is the self- evident focus of scientific
research. If anything, the subjection of the grazier has intensified as they
are now seen as just another element in the ecosystem to be regulated from the
centralised vantage point of a comprehensive understanding of the ecosystem.

Just as many have believed that a return to a climax vegetation state was
desirable and achievable, there has existed a myth that pioneers moved into
the interior and recklessly cleared everything until only open pastures
remained. This view was supported by Suzuki (1991) in his foreword to "Taming
the Great South Land " (Lines 1991); it took the form of apportioning blame

Foucault used the term discursive formation in referring to the
overall structure tying together discourse, (a systematically ordered set of
statements, often scientific, but not necessarily so, centred on a particular
object or objective), institution and technologies /practices. Discursive
formations, in their construction of an object of investigation and
regulation, operate as apparatuses of power.
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and responsibility to earlier generations. It did so without consideration of
the context of those times and of the prevailing discourses. It ignored the
fact that early arrivals were not just settlers but also travellers and
explorers and this implies limits to their destructiveness. The use of the
survey allowed, however, the appropriation of land by central authority and
gave rise to relations of power about how that land should be used and
managed. This is well illustrated in Bowen's (1987) biography of Kidman in a
description of a debate in the South Australian Parliament in 1916 - the then
Minister of Industry stated: "Before Mr Kidman came in, there was a greater
number of cattle and sheep in South Australia. He must stock the land and use
it properly or give it up" (Bowen 1987 p.234)

So what has changed? The drought of the early 1890's changed the way the
Western Division was viewed and led ultimately to the 1901 Royal Commission.
At this time Henry Lawson (1890) wrote in his poem "Bourke ":

"No sign that grass ever grew in scrubs that blazed beneath the sun;
The plains were dust in Ninety -two, and hard as bricks in Ninety -one.
On glaring iron -roofs of Bourke the scorching, blinding sandstorms blew,
No hint of beauty lingered there in Ninety -one and Ninety -two.

One hundred years later the headlines exclaim:

"Dirt poor. You think you have heard it all before .... about how Australia,s
farmers are suffering. But not on this scale, not in this way. The vast plains
of our state's west have become a disaster area - for both people and their
properties. Hopes and dreams are being eroded, just as surely as the land
itself." (Wahlquist 1992).

McKenzie's (1992) research reveals that in terms of power relations either
nothing has changed at all or the place of the pastoralist in that discourse
has become worse. His analysis also reveals how institutionalised R &D, by
failing to value local knowledge and experience in a genuine partnership, has
constrained innovation and beneficial change. For example grazier innovations
(eg. rabbit viruses) were initially actively discouraged by institutionalised
authority; some were later appropriated by R &D organisations (eg. use of goats
for woody weed control, fibre and meat).

There are, however, positive developments, but each is at a very fragile
stage. For example there is much talk currently in R &D circles of the need to
move to "group extension "; the very phrase is a cause for concern and ignores
the essence of participative research. The Rangecare /total catchment
management (TCM) movements are seen by many as the great hope for community
based ecologically sustainable development.

Rangecare - the great hope for ecologically sustainable development

There is no doubt that attitudes among the farming community have changed
dramatically in the last decade as illustrated by the widespread formation of
local Landcare groups (Commonwealth of Australia 1991; Woodhill 1990, 1991;
Rollick 1990; 1992abc), but, as argued above, attitude change is unlikely to
be enough. Many groups are inactive, racked by conflict or disempowered by
institutionalised knowledge and action. From our own and related research in
the Western Division it has become apparent that the greatest threat facing
Landcare /Rangecare is appropriation of local initiative and enthusiasm for
institutional purposes. There appear to be a complex of factors giving rise
to this situation: (i) lack of an appropriate theoretical framework from which
to do "extension" (Russell et al. 1989); (ii) crises of confidence and lack
of clarity as to who the real clients of state based service organisations are
(see Holm 1990); (iii) lack of professional support and development
particularly in terms of group and interpersonal skills (this includes
language usage and limited attention to active listening); (iv) limited
valuing of local experience and knowledge and existing grazier networks; (v)
real and perceived threats to self esteem in moving from a deliverer of
technology to a facilitator of local initiative; (vi) preoccupation with funds
acquisition and negotiating the associated bureaucratic processes (which
further empower service personnel and disempower local people); (vi)
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inappropriate reward systems for service personnel; the system generally
rewards institutional maintenance and advancement at the expense of client
service and career advancement is often related to success in appropriating
both resources and kudos for institutional maintenance, expansion or promotion
and (vii) there has often been a focus on the plan (the product) rather than
the planning (the process).

The end result is a R&D system which can be viewed as a network of system
determined problems (Ison 1992) with each institution or sometimes an
organisational programme or arm determining or formulating problems in
isolation from its external environment. Put another way, these institutions
act as if they were closed systems (Holt and Schoorl 1990) and little to no
attention is paid to the quality and nature of the relationship between the
system and its environment. In the context of integrated catchment management
this has led Hollick (1992a) to advocate (i) the use of a variety of design
instruments, balancing their strengths and weaknesses and which are sensitive
to the needs, aspirations and concerns of the farming community; (ii)
cooperation based on shared understanding and appropriate incentives rather
than statutory controls and (iii) farming community involvement in developing
statutory controls where these are necessary.

The alternative to system determined problems is problem determined systems
(Ison 1992). The challenge is to create processes and institutions which give
rise to problem determined systems. Almost a century after the 1901 Royal
Commission there is a need for change which makes a difference. We can no
longer afford more of the same. Participative ecodesign provides one way of
developing problem- determined systems.

Participative ecodesign

Despite the growing body of world -wide experience to the contrary there
persists the view that one person or nation can change or develop the other
- to be responsible for them (see Mares 1992). It remains all too easy to
fall into the old cliches - we need to change attitudes - and to set ourselves
(the experts and scientists) up as if pastoralists or our clients were
marionettes requiring skilfull manipulation. It is also too easy to think that
there are short -cuts and that local constraints and contexts can be by- passed
(Manger 1990). So how can we move away from action based on the cliches and
embedded metaphors?

Maturana (1988) recognised two ways to trigger change in human social systems;
both require experiences outside the network of conversations that constitutes
any particular human social system: (i) through encountering others in a
network of conversations that are not confirming as when encountering
foreigners or when moving beyond the normal ranges of a community; and (ii)
through interactions that trigger in us reflections upon our circumstances of
coexistence with other human beings.

These two possibilities provide a framework for what I am calling ecodesign.
Design can be characterized as an involvement in a project that has many
players and that translates human culture, technology and aspiration into form
(Coyne and Snodgrass 1991). My focus on design is in response to Hooker's
(1991) observation that: "The direct consequence of the profound changes in
the character and role of organised knowledge is that the future must now be
regarded as increasingly a human artifact - an art -in -fact. The future can no
longer be regarded as a natural object, a fact already there or objectively
determined by present trends. Rather it must be chosen. Artifacts are the
realisation of human value judgements in facts, in the concrete design of our
world. Artifacts are experiments, experiments first with what is possible and
then what is preferable. They are designs, chosen from among possible designs,
because of the values they realise in the designs." He proposes a process of
futures design based on "backcasting" rather than extrapolation or projection
from the present (Figure 2).

The challenge, therefore, is for those who through their being (i.e. who and
where they are) constitute what we recognise as the rangelands, to formulate
future projects for the purpose of designing one or more forms for a future

174



rangelands. Ecodesign is specifically concerned with bringing ecological
principals and values (see Russell 1991; Walters and Holling 1990) to bear on
the design process. Future professional roles are thus likely to involve
responding to and extending invitations for problem or opportunity formulation
as members of co- researching teams, joint identification and evaluation of
alternatives, designing and facilitating group processes and co- managing and
evaluation of plans and programmes.

Appropriate values for design must be articulated and developed. What are some
possible values? I do not wish to be prescriptive but I outline three value
positions which I invite you to consider in the design of future rangelands.
Reinterpreting Our Relationship With Land

Many scientists and urban dwellers have limited understanding of Australian
pastoralist's relationship to land and its associated vegetation. Their
understanding and interpretation (eg. Kerston and Ison 1993) is something they
have to contribute to participative ecodesign. Perception and interpretation
of land and the nature of change of land, and its associated vegetation, are
important issues for future R &D.

We also have a rich tradition to draw on in aboriginal culture (eg. Chatwin
1987). A set of values with the potential to shape future design can be found
in four transcendant rules interpreted from the Yarralin aboriginal community
by the ethnographer, Deborah Bird Rose (cited in Knudtson and Suzuki 1992):

(i) Balance - a system cannot be life enhancing if it is out of kilter, and
each part shares in the responsibility of sustaining itself and
balancing others.

(ii) Response - communication is reciprocal. There is here a moral
obligation : to learn to understand, to pay attention, and to respond.

(iii) Symmetry - in opposing and balancing each other, parts must be
equivalent because the purpose is not to "win" or to dominate, but to
block thereby producing further balance.

(iv) Autonomy: no species, no group, or country is "boss" for another; each
adheres to its own Law. Authority and dependence are necessary within
parts, but not between parts.

Citizen Values Not Individual Preferences

Sagoff (1988) makes the important distinction between the individual as
citizen and consumer and argues that as a citizen an individual is concerned
with the good of the community rather than with self interest which is
expressed in the individual's role as a consumer. His major thesis is that
social regulation should reflect the community regarding values that are
expressed by participation, particularly in the political process (which may
operate locally, regionally or nationally), and not simply or primarily
through the self regarding preferences individuals seek to satisfy in markets.
Survey procedures have been developed to elicit citizen values regarding
environmental management. It is argued that such surveys offer greater scope
to assist policy formulation than the "intense opinions of organized groups
and the quantified costs and benefits of net benefit analysis because they
"tell us how citizens believe they ought to behave" (Beatty 1991).

Naming Power in the Design Process

John Heron (1989) developed a model which identified three levels of power to
be consciously recognised in the process of project or activity design: (i)
Hierarchical, with "power over" leading to "deciding for "; (ii) Cooperative,
or "power with" leading to "deciding with" and (iii) Autonomous, or "power to"
leading to "delegating deciding to ".

Whilst not consciously using Heron's model, it nonetheless encompasses
principles which have guided the design of research conducted in the NSW
rangelands by the CARR (Community Approach to Research in the Rangelands) team
(Webber et al. 1992ab; Russell and Ison 1992). In our initial dialogue with
pastoralists about developing new approaches to R &D distinctions were made
between (i) research on things, such as plants, soil etc; (ii) research on
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people and (iii) research with people. Pastoralists found these distinctions
meaningful. They were intrigued by our interest in researching with people,
particularly as their previous experience of research and researchers was
mainly one of researchers taking and seeming to give nothing back in return.

Pastoralists responded to our invitation to join together to research issues
they nominated; this has resulted in us working with a small group of
pastoralists over the last two years on the issue of marketing of middle
micron wool. One of the major outcomes of this research has been a set of
process design principles which we believe have some general utility for the
design of participative R &D.

Some guiding design principles for participative research in the rangelands

* Projects have the potential for more mutually satisfying outcomes when
an invitation is extended to participate and the resultant
communication is based on conversations which acknowledge each person's
experience as unique and valid;

* It is important to understand that experience and knowledge is related
to context and that it is necessary to attempt to appreciate particular
contexts;

* Enthusiasm, which may be triggered, appears to be an emotional state
predisposing individuals to action which is meaningful to that
individual;

* Matters individuals are keen to take action on may or may not concur
with institutional priorities;

* Pursuit of these matters in open, collaborative and critically informed
ways can lead to locally meaningful and adaptive changes;

* Knowledge is both individually and socially constructed and because of
this, processes are necessary to create learning networks;

* Pastoralist families and communities already do "research" and
"extension" (share experience and knowledge - but they place importance
on waiting to be asked);

* diversity of experience, knowledge, research and "extension" action is
an asset of equal importance to the diversity of the biophysical
environment.

CONCLUSIONS

The question we might ask of the rangelands in the future is: "Is that how it
really is?". The answer will be in the interpretation and in the dialogue that
ensues. The challenge for future R &D practice will be to design processes that
allow, through dialogue, for the range of interpretations to be brought forth.
The worlds of the graziers and those of the scientists may remain as in the
case of Fortmann (1989) as stories which do not intersect. Each is a mystery
to the other and where there is mystery then the possibilities of design are
removed from effective dialogue. Random dialogue is not enough - the
potentialities of mutually satisfying conversation is itself a process for
design - who is to be involved in the issuing of invitations and who is to be
the recipient of them? Gender and ageism, or its reverse, become critical in
this context - decision making and thus agreement about what is desirable
change has for too long in rural Australia suffered from the lack of full and
open participation by women. We also run the risk of constantly making
decisions which are generationally skewed as those in positions of power draw
on experiences which are past and no longer relevant to the experiences of the
present. These are all difficult questions but once acknowledged they may help
to shape the design process in ways that lead to altered or enhanced
perceptions and to changed emotions. - this is more likey to lead to
meaningful action than relying only on attempts to change attitudes, objective
science and logic.
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Table 1. Attitudinal positions held by participants in community
consultation processes conducted by the Murray- Darling
Ministerial Council (Source: Anon. 1991)

a) Most significant attitudes:

* avoidance of further regulation
* support for the family unit enterprise
* encouragement and self- determination

b) Other attitudes:

* the family farming unit is being undermined;
* natural resources infrastructure should be a cost to the nation as

the nation shares the benefits;
* on -farm decisions are being constrained by increased regulation;
* farmers are good conservationists by definition;
* governments join partnerships they can dominate and control;
* research knowledge is secondary in value to experience;
* many environmentalist's statements are ignorant of production
processes;
* many farmers are unaware of the long -term damage they are causing to

the environment;
* farmers are unemployable outside farming;
* big business gets assistance to survive that is not available to

smaller enterprises;
* existing environmental control regulations are not policed or

enforced
* up -river has little regard for down -river
* down -river refuses to understand up -river
* environmentally sound enterprise management practices are expensive

and threaten the survival of the initiating manager
* incentives not punishments will lead to effective change in

management behaviours.
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FORECASTING

MOVING BY STAGES

BACKCASTING

EACH STAGE INDEPENDENT

SGB
tpOK1NG AT OPTIONS FOR THE

i m;

STAGE 2: WORKING OUT WHAT NEEDS TO BE DONE

REGULAR EVALUATION

Figure 2. Current planning is characterised by forecasting whereas a move to
backcasting is advocated for participative ecodesign (Source: after Hooker
1992).
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PROVIDING A PUBLIC ACCESS SYSTEM IN THE SOUTH AUSTRALIAN PASTORAL ZONE:
THE COSTS OF EFFECTIVE CONSULTATION

A.E. Jensen* and B.G. Lay

Pastoral Land Management Branch ( *now Environment Division)
Department of Environment and Planning, GPO Box 667, Adelaide 5000

ABSTRACT

The "outback" is an integral part of the Australian image and attracts
numerous local and international visitors who want to experience this
landscape and its special features. However, in the pastoral zone, this can
produce conflict with the pastoral lessees, who have a long term interest in
managing sheep and cattle enterprises on pastoral leases on this Crown Land.

In a bid to resolve these conflicts in the South Australian pastoral zone, the
recent Pastoral Land Management and Conservation Act (1989) includes a
requirement for the provision of a formal public access system. The objective
is to provide a proper balance between the operational requirements of the
pastoral industry and the desires of the community to enjoy "outback" lands.

The brief also includes a requirement to define access rights and restrictions
for use of these routes and for general travel off these routes. There is a
further requirement to consult with all interested parties in the process of
selecting public access routes.

In this paper,the steps in the consultation process have been analysed for
their effectiveness and relative importance, for application to later stages
of the process and in other situations.

The formal public access system for the South Australian pastoral zone is
expected to be in place by late 1992. Together with the policies being
developed to address associated management concerns, this system should
resolve current conflicts and provide a balance between the access needs of
the public and the ability of pastoral lessees to continue operations without
significant interruption.

INTRODUCTION

The arid zone of South Australia stretches north, east and west from Port
Augusta to the state boundaries (Fig. 1). It covers an area of over 740,000
km4 and is characterised by its low erratic rainfall and high evaporation
rates. A specially adapted ecosystem has evolved in response to the harsh
climate and inhospitable conditions in a region where extremes are normal and
averages are largely irrelevant.

The major land uses, in areal extent, are pastoralism, Aboriginal lands and
formal conservation reserves (Table 1.). Other uses ranging across the region
are recreation, tourism, and mining.

TABLE 1.

Use

MAJOR LAND USES IN THE SOUTH AUSTRALIAN ARID ZONE

Area (km2) % Arid Zone % State

Pastoral leases 407,303 54.9 41.4
Aboriginal Lands 187,250 25.2 19.0
Parks & Reserves 147,254 19.9 15.0

741,807 100.0 75.4
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Pastoral Use

The pastoral zone covers 460,000 km2, more than 40% of the area of the State.
There are 336 leases, managed as 211 runs. The annual average number of stock
is 1.3 million sheep and 142,000 cattle across this area. Pastoral use in this
context involves the grazing of domestic stock, principally sheep and cattle,
on the native vegetation. The main pasture plants are native perennial
chenopod shrubs and annual grasses.

The wide variety of landforms includes the Flinders and Gawler Ranges, as well
as extensive sand dunes, gibber and alluvial plains, and tablelands. The
associated natural vegetation is mostly perennial grass and shrub lands, with
differing capabilities to support grazing in the long term.

Pastoral Administration

The Pastoral Land Management and Conservation Act, 1989 aims to ensure that
the conservation of the arid ecosystem is balanced with an ecologically
sustainable and productive pastoral industry. The Act specifies that land
condition on all leases must be assessed by 1998 and stocking levels set
accordingly.

The implementation of the Pastoral Land Management and Conservation Act is
overseen by the Pastoral Board, which is responsible for ensuring that the
objectives of the Act are met by both the Government and the Lessees. The
Board advises the Minister of Lands and has representatives from the pastoral
industry, the conservation movement and government agencies.

The Pastoral Land Management Programme is administered by the Pastoral Land
Management Branch of the Department of Environment and Planning. The
responsibilities include provision of support to the Pastoral Board, pastoral
lease administration, rangeland assessment, land monitoring, surveillance of
compliance with lease conditions and administration of the process for
provision of public access.

Public Demand for Access

Increasing leisure time and mobility over the past 15 years has led to a
significant increase in tourist traffic into the pastoral country,
particularly with four -wheel drive vehicles allowing access into the more
remote areas. The situation under the previous Act was confused and confusing,
with the lessee required to allow access on any "public roads, paths or ways ",
but with no clear definition of where that provision stopped with regard to
station tracks. In recent years an increasing number of disputes over rights
of access have been reported.

PUBLIC ACCESS PROCESS

The new Act has clear procedures to establish public access routes where
travel is allowed without permission being required, and to control public
access outside of those defined routes. There are specific limitations in the
Act to prevent disturbance of the lessees' privacy around the homestead or
disruption to pastoral operations and equipment. Access to areas outside the
formal public access routes is available with the permission of the lessee.

Definitions

Public access routes are to be established as corridors and are separate
administratively from the public road system. However, the two systems
complement each other and interlink on the ground. Some confusion remains in
the minds of the community about the difference between a public road and a
public access route, leading to the continuing misconception that uncontrolled
camping would be allowed automatically within 50 metres either side of public
access routes.
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Consultation Process

The Act specifically requires consultation with all affected lessees, with the
local Soil Conservation Boards, with other interested parties and with the
general public.

The responsibility for determination of public access routes lies with the
Pastoral Board. The Board has formed a sub -committee, the Public Access
Consultation Committee (PACC), which is steering the consultation process and
undertaking the work of determining the routes.

The task is being addressed by districts, with the first district to be
tackled being the prime tourist region of the Flinders Ranges. This district
has been selected because it has the most urgent need for resolution of
current conflicts and the most contentious issues (Fig. 1.).

The process undertaken for selecting the routes is outlined in the timetable
shown in Table 2. Preliminary submissions were invited from 13 known interest
groups, and seven of these responded with proposals for routes. From these
submissions and the experience of the PACC members, a list of issues was drawn
up for attention. These included:

width of corridor (suggestions from 50 m to 1 km)
how to control camping along the corridor (nucleated or dispersed)
how to control visitor behaviour
who is responsible for maintenance of the routes
concern about public liability for injury on routes
need to protect sensitive heritage and conservation sites
should the routes be signposted and who pays?

A major public meeting was called to inform people of the proposed process for
selection of public access routes from the preliminary proposal put forward.
The main purpose of the meeting was to invite comment on the key issues and
the selection process, and to talk about the continuing process of
consultation.

A public meeting, held in the Hawker Institute on a Sunday afternoon in June
1991, was attended by 130 people. After initial mistrust that the decisions
had already been made, participants agreed that the meeting was very useful
and they could see that several further opportunities for effective input
remained. The key outcomes of the meeting were to establish a mailing list for
further contact, and the nomination of a User Representatives Panel to assist
the PACC in the actual route selection process.

Comments were recorded from the public meeting on a series of draft criteria
for selection of routes, and a list of priority issues causing concern. This
material was referred to the Public Access Co- ordinating Committee and the
User Representatives Panel for consideration.

The User Representatives Panel consisted of:

2 pastoral lessees (northern and southern sections)
2 Aboriginal representatives
2 conservation representatives
3 tourism operators (2 lessees, 1 coach operator)
2 four -wheel drive club representatives.

Independent facilitators played a key role in the process, ensuring that all
views were given a fair hearing, firstly at the public meeting and then
through the route selection process. Their presence contributed greatly to the
positive and co- operative atmosphere which was achieved in the User
Representatives Panel meetings, even when discussing the most difficult
issues.

A draft network of routes was released for public comment in February 1992,
along with draft statements on how each of the key issues would be dealt with.
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FIGURE 1. Land Use Arid Zone South Australia
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The public access routes were shown in three categories, ranging from those
already agreed to by the lessees, through those still to be negotiated with
the lessees due to minor problems, to those likely to be strongly opposed by
the lessees due to major problems from their viewpoint.

The User Representatives Panel met again to discuss the responses in June
1992. The initial recommendation for a public access network of 30 routes in
the Flinders Ranges District is expected to be gazetted by the end of the
year. Routes for the balance of the pastoral zone should be completed in the
following 12 months.

DISCUSSION

The detailed consultation process which has been undertaken for the Flinders
Ranges District far exceeds the legal requirements for consultation on this
issue, but the contentious nature of the issue demanded additional efforts to
involve the interest groups, in order to find practical solutions to
conflicting views. The design of the process used, based on advice from
professional facilitators, incorporated many features to defuse potential
controversy and heated argument, to involve as many people as possible, and
to have representatives directly involved in the preparation of the draft
proposal for a public access network.

The costs of the process have been relatively high (Table 3), with
approximately $21,000 in direct costs. However,this investment is considered
to be essential to achieve reasonable agreement with all parties. Continued
agreement and support is essential, as lack of
co- operation during implementation could prevent effective operation of the
system.

Some of the stumbling blocks which need to be overcome in such a process
include:

historical 'baggage' of past disagreements and distrust of government
rural 'myths' which magnify past incidents and problems
political grandstanding by key community figures
slow process of changing views
destructive comments and personal attacks
lack of understanding of modern consultation processes
representatives may be in agreement, but their constituency may also
need to be convinced.

The design of the consultation process took these potential problems into
account, including:

allowing time for personal statements by representatives
recognising the need to build faith in the process and personnel
involved, and allowing time to establish working relationships
taking time to explain that 'taking comments into account' cannot mean
that all views expressed are adopted unchanged
offering multiple opportunities for input
keeping information flowing at all levels (to representatives, to
general public)
checking that all interested parties were being kept informed and
involved, not just a select inner group
choice of neutral meeting sites in the local district, and use of
independent chairmen or facilitators
giving a guarantee that no routes would be gazetted until the
individual lessee's concerns had been alleviated and the United Farmers
and Stockowners representatives were satisfied that adequate provision
had been made on issues such as maintenance and liability.

It was a common feature of discussions that past incidents were multiplied and
exaggerated beyond their true context, but it was the assessment of the
committee that conflicts occurred relatively rarely and were caused by only
5 -10% of travellers. Often it appeared that local or regional people were
concerned in reported incidents, although this was never admitted and the
urban visitors were universally blamed.
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TABLE 3. CONSULTATION COSTS FOR PUBLIC ACCESS PROCESS IN THE FLINDERS
RANGES DISTRICT

DIRECT COSTS

Public Meeting (June 1991)
accommodation 9 @ $65
dinners 2 x 9 @ $30
hall hire
sound system
catering
travel
facilitators

(afternoon tea) 150 @ $3
2 cars @ $45 /day flat rate
fee

preparation 5 hours @ $65

Panel meetings (2 x 1
hall hire 5 @
lunches 7 x
dinner 2 x
accommodation 2 x
charter flights
travel 1 x
travel reimbursement
facilitators

INDIRECT COSTS (SALARIES)

day, 2 x 2 days, 1

$30
18 @ $5
18 @ $20
15 @ $65

4 @ $1100
2 cars @ $45 /day

4 x 8 @ av. $230
5 days x 6 hours

$594
$540
$ 50
$150
$450
$310
$500
$325

TOTAL $2919

special UFS meeting)
$ 150
$ 630
$ 720
$1950
$4400
$ 310
$7360

@ $85 $2550
TOTAL $18,070

Public Access Co- ordinating Committee
8 meetings x 8 members x 3 hours @ $45 * /hr
1 x 2 day inspection x 6 members x 19 hours @ $45 * /hr

travel and accommodation: 6 x 2 @ $55

Pastoral Management Branch
supervision, administration & support additional to meeting time:

Manager 5 %)

Co- ordinator 25 %) @ ay. $100,000 /yr*
Executive Officer 50%)

$8640
$5130
$ 660

$80,000

* salary costs are calculated at 2.5 times salary as per standard
consultancy quotes to cover all overheads

The committee also found itself a target for frustrations relating to
incidents and decisions from years past, involving other governments and
previous public servants. However, as representatives of "the government ",
they were held responsible for all past actions.

An additional frustration was the realisation that, although the represen-
tatives themselves changed or modified their views as a result of the
intensive series of panel meetings, their organisations and fellow members did
not. Further efforts were required to convince these groups that the
recommendations of the User Representatives Panel were fair and sound.

A special meeting was held with regional representatives of the United Farmers
and Stockowners Association. It was found necessary to draw up legal
agreements with lessees to resolve concerns about key issues, including
provisions for:

indemnity to be granted to lessees against any claims for damages
agreement that the Pastoral Land Management Branch would cover the
costs of signage, gate replacement and track diversion
maintenance to be met from a Public Access Route Maintenance Fund
camping to be allowed along routes, apart from restrictions around
waters and buildings
two weeks' notice to be required for temporary closures of routes by
lessees.
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These measures appear to have satisfied the over -riding concerns of lessees
which initially seemed insoluble and likely to prevent implementation of the
access system. Once solutions for the general issues relating to access have
been agreed for the Flinders Ranges District, it is anticipated that these
principles can be applied throughout the pastoral zone with little
modification. Thus the selection of public access routes in the balance of the
pastoral lands can be completed relatively quickly.

CONCLUSIONS

The intensive consultation process conducted for the selection of public
access routes in the Flinders Ranges District has proved to be very
worthwhile, and is considered to have been an essential ingredient in reaching
agreement on a series of very difficult issues. It has been a fundamental step
in ensuring that the public access program can be implemented successfully on
the ground.

The involvement of a user representatives panel in the actual review of
proposed routes and preparation of a draft district proposal has proved to be
an effective approach. Representatives of opposing views reached a significant
degree of agreement and compromise on the routes to be included in the draft
network. These representatives were also being asked to help to formulate
solutions to issues they themselves had raised as being obstacles to the
implementation of the access system.

The consultation process has been time -consuming and expensive in terms of
funds and staff resources. However, all involved agree that the conflicts
between opposing points of view could not have been resolved without a program
of this intensity and detail. The costs invested now will save the costs of
disputes further down the line, as well as building better relationships
between administrators, lessees and other user groups.
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MINING A PRELUDE TO AGRICULTURE

Peter Standish

Regional Inspector of Mines, NSW Department of Mineral Resources, Cobar

ABSTRACT

Mining operations produce a great deal of wealth from small areas of land.
Production values into the millions of dollars per hectare are common.
Through government regulation the action of mining companies are now being
directed towards the provision of a second land use following the completion
of mining. This paper describes the legislative process for mining companies
and provides specific information on works in the Cobar area. A case study of
a typical mining development in Cobar is given, and the legislative and
practical relationships with landholders are described.

OVERVIEW

There IS a number of clearly defined steps followed by all mining companies
during the life of a mine. These steps are:

Exploration, finding the ore body;
Delineation and feasibility study;
Mine construction and operation; and finally
Rehabilitation and completion.

Mining is closely regulated, with input on each of these steps received from:

Department of Mineral Resources
Department of Water Resources
Department of Conservation and Land Management
Environment Protection Agency
Local Council(s)
Forestry Commission and Office of Fisheries

Environmental issues have risen to assume a priority in all mining operations.
This is reflected in the amount of money invested by mining companies in
environmental studies, site preparation and rehabilitation.

The end result - land available for a subsequent productive use following
mining.

EXPLORATION

Exploration is the first step in the commencement of any mine. Old time miners
(at the turn of the century) took pride in finding outcrops of valuable ore,
sinking a shaft and "winning" the minerals from the ground. This was a hit and
miss operation - many more holes were sunk which turned up nothing than those
which struck "pay dirt ".

Exploring for minerals today uses a wide range of technological tools. These
include:

Aerial photogrammettry and satellite imagery,
Aerial magnetic and gravity surveys,
Soil and rock geochemistry sampling,
Geo seismic and induced polarity testing,
RAB drilling,
Diamond drilling, and
Costeaning.

Only the last three of these methods have any physical impact on the ground
being explored.

In most of the methods used, the mining companies must hold licences (1973
Act) prior to conducting any work. Primarily this requirement avoids duplicate
claims over discoveries. Secondly, the issuing of licences ensures that:
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all licences have conditions to which holders must comply,
notification of granted areas is distributed freely to the community
(requirement to advertise),
rehabilitation of any and all disturbing works occurs, and
security deposits are lodged with the Department of Mineral
Resources.

Once licenced, the next problem facing the prospective mining company is to
find an ore reserve.

This is not easy.

Approximately 1 hole in a 100 will reveal the presence of any ore. Of this
only 1 in 50 ore intersections are likely to "prove up" as an ore body. Of the
ore bodies found only 1 in 30 is likely to be defined as a minable resource.
Of these only 1 in 50 is a "world class" deposit.

The odds:
1 chance in 150,000 of finding anything worthwhile;
1 chance in 7,500,000 of finding something really worthwhile.

better than lotto - but only just.

FEASIBILITY OF MINING

After the company has discovered a mineable resource (hopefully "world
class "), the next step is to mine it. The major factor influencing the
decision to proceed with a mine is economics. If market projections show a
strong enough price to sustain the mine over its life - then it is viable. For
it to be feasible, there must also be a mining lease in place.

The Environmental Impact Statement (EIS) is the lynch pin in the approval
process. The applicant must submit a detailed analysis of the current state
of the area proposed to be mine. Mining operations are then assessed to
determine the extent to which they will impact on the environmental features
identified.

Regulating authorities can then make
of the mine proceeding.

If the authorities approve the mine,
and a Mining Lease can be granted.

an informed decision on the desirability

then Development consent, an EPA licence

Through all of the approval process, the opportunity exists for those affected
by the proposal to be heard. A Public Awareness meeting is held at the
proposed mine site, hosted by the applicant to address any concerns with the
EIS, or the mine proposal.

Communication is the key to an applicant's success. Informing all of the
affected parties - and highlighting the likely final state of the land, helps
to establish a cooperative approach to setting compensation levels. (For more
information on compensation issues the reader is referred to Guide -lines for
Arbitrators and Others regarding access to lands for mineral exploration:
Department of Minerals and Energy (now Department of Mineral Resources),
October, 1990).

Where disagreement still exists on the proposed mine, the matter can be
referred to either the Mining Warden's Court for objections under Section 112
of the Mining Act or the Land and Environment Court for objections to the
granting of Development Consent. Further, where the Department of Agriculture
advises that the land is required for agricultural purposes, this will be
considered. The presiding judge in these matters will hand down an award to
either the applicant or the plaintiff - allowing or prohibiting grant of the
Lease. Most applications for a mining lease are presented well, cooperating
with landholders to allow for objection free granting of titles. It should
be noted that with recent changes to the legislation, rights to object to a
proposal are restricted to those who have made submissions during the approval
process.
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keep it.

193



OPERATING THE MINE

Mines come in all shapes and sizes. Types of mine include:

Open cut (taking up the largest surface area),
Alluvial (mining only sediments),
Dredging (mining underwater sediments), and
Underground (with minimum surface disturbance).

An operating mine does have a significant impact on the landscape. Typically,
large volumes (greater than 1,000,000 cubic metres) of ore and rock are moved
around the mine site during the life of the mine. It is impossible to move
this much material without causing a disturbance to the surface features.

This disturbance can be minimised - and conducted so as to enhance the final
landform at the mine site.

A Mining and Rehabilitation Environment Management Plan (MREMP) is used to
guide operations to achieve the optimum landform outcome after mining. The
Lease holder has to prepare a MREMP each year of the mine operation. This is
critically reviewed by a committee comprising all of the involved regulating
bodies.

Issues addressed in a MREMP include:

Compliance with EIS conditions,
Performance relative to predictions (in the EIS),
Monitoring results for the previous year and planned tests for the
current period,
Final landform goals,
Compliance with Mining Lease conditions,
Compliance with EPA Licence conditions, and
Plans for actions through the coming period.

As a lease condition, the MREMP is critical to the lease holder. Failure to
comply with the agreed plan can result in revocation of the mining lease(s),
with the consequent loss of security deposits and income.

REHABILITATION AND COMPLETION

This the final phase in the operation of a mine -
to be ready for a subsequent land use.

Historically, the community has considered mines to
ore and wealth produced. Changing attitudes and
awareness requires a better approach to ending a m

and critical for the area

be only important for the
increasing environmental
ine.

Mine life is variable. Small open cut gold mines may only be in production for
2 years - while large underground base metal mines may continue to operate for
100 years or more. The "average" mine life is around 10 to 15 years.

Mines operating under an MREMP condition are well placed to fully rehabilitate
the site - making the area safe and available for another land use.
Rehabilitation will normally include:

Stabilising and revegetating any remaining rock or waste (ie finely
ground rock or low grade ore) stock piles.
Protecting against any water, wind or chemical erosion risks.
Ensuring all hazardous substances are stabilised, removed or confined
safely.
Isolating any sub -surface contaminants from the water table.
Capping any open holes.
Covering and revegetating any tailings dams present.
Consulting with the likely future holder of the area to assess the
best use of site roads, buildings, old equipment and stockpiles.

Once the rehabilitation works have been completed they are assessed. This will
lead to a number of possible outcomes:
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Successful rehabilitation approved by Department of Mineral Resources
and the MREMP committee (representatives from all involved
regulating bodies), allowing release of security deposit,
cancellation of lease and disposal of site area.
Best practice rehabilitation is completed. If there is a "time
dependent" component to the rehabilitation, then the area will be
isolated until it is sure that rehabilitation is successful. (This
is common on many sites, where techniques are used for the first
time, and revegetation success needs 3 to 5 years undisturbed
growth.) Once an agreed assessment period has lapsed the
rehabilitation will be declared successful (or unsuccessful), leading
to release of security deposit and cancellation (or a repeat of works
to achieve success).
Inadequate rehabilitation results (now rare thankfully). The
Department of Mineral Resources retains the security deposit, and may
pursue the lease holder for additional monies to effect a suitable
rehabilitation program.
Significant mineral wealth remains on the site but current techniques
are unsuited to its recovery. Critical assessment is made of this
type of claim. If valid, a modified rehabilitation program is pre-
ferred, which allows a subsequent access to the area by later miners.

Most of the operating Mining Lease holders are companies. They make a
commitment to abide by the regulating authorities conditions, with breaches
enforceable against the company and its directors. Cooperative processes such
as the MREMP, Planning Focus and Public Awareness meetings all enhance
understanding of the mine's operations and its environmental performance.

CASE STUDIES Mines in the Cobar Mining District

The way in which the legislation, approving and regulating process works is
best shown by example. A new mine has recently been established in the Cobar
Mining District, Peak Gold Mines.

The mine was discovered near the site of old mine workings dating back to the
late 1800's. An exploration program was conducted over the area from 1976 to
1986 to delineate an ore reserve.

This area was held by the proponent company as an Exploration Licence -
combined with a number of small (and old) Private Land Leases.

An exploration shaft was then sunk to a depth of 730 metres from 1988 to 1990.
Drives (underground tunnels) were driven from the shaft through the ore body
to obtain a "bulk sample" of the ore. Metallurgical testing was conducted on
this material for six months, determining the best processing method for the
mine to implement.

Specific approval was sought by the company to sink the exploration shaft
under the Exploration Licence. This approval was granted by the Department of
Mineral Resources in concert with notifications to other regulating
authorities (local council, Soil Conservation Service (at the time), etc).

In 1989, an EIS was commissioned, and completed in 1990. 18 separate
consultants were employed to determine features and likely impacts of the
mine's operation. Development consent, an EPA licence and subsequent Mining
Lease were issued in November 1990.

Each of these documents contain conditions which must be complied with. On
these matters the Department of Mineral Resources acts as the determining
authority, with the greatest regulatory involvement in the operation of the
mine.

Compensation agreements were reached with all affected land holders. These
agreements address issues of loss of amenity, access and income - with a
premium paid to the land holders for the use of their lands. An annual sum is
set on a per hectare basis, adjusted for inflation and changing conditions of
mining.
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The MREMP condition was included in the Mining Lease conditions, and the first
MREMP committee meeting was held in February 1992. The MREMP addressed:

Variations to and non -compliance with conditions (due to
impracticality).
Results of ground water and other tests (forming background
monitoring information).
Status of top soil stockpiles.
Underground operations, water in -flows and water output quality.
Tip location, operation and condition.
Plans for conduct of operation.
Heritage considerations (on old mine site).
Rehabilitation plan, setting end goals and progressive schedule of
works.
Monitoring program for coming 12 months.

Production at the mine is due to commence in late 1992, and continue until
2004 (on current reserves).

Early predictions on the rehabilitation program indicate that an eighteen
month program will be required to stabilise / remove dumps; restore topsoil
from stockpiles; demolish buildings and make the area for safe for subsequent
use as unimproved pasture land.

Life of a Mine

U/G Exploration
24

Govt Approval
12

EIS Prep
12

Exploration
76

Mine Operation
120

Rehabilitation
18

Figure 2 shows the breakdown of this work. Clearly exploration, approval and
rehabilitation are significant factors in the larger view of the mine's life.

At the completion of mining the lands sub leased from the land holders will
be returned - in a condition equal to or better than that at the time of the
mine commencing.
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CONCLUSIONS

The new goal of all mining operations is to produce more than ore -it is also
directed to producing a site for another land use(r). Some of the outcomes
which the mining industry can be rightly proud of include:

Re- establishment of the Bridge Hill Ridge high dune (at Myall Lakes);
Recreational facilities (Penrith Lakes Scheme);
Revegetated frontal dunes (Gosford sand mining areas);
Restored farm lands (Hunter valley coal mines); and
Available grazing lands (some rehabilitated mines in the Western NSW
rangelands).

All new operations and most current operations are committed to the
preparation of MREMPs, which, with security deposits, will ensure that the
goal of available sites for subsequent land users is achieved.
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FURTHER READING AND REFERENCES

If you would like more information on matters relating to the granting of
mining titles over farming lands, I would refer you to:

Guide to Understanding Exploration and Mining Titles; Department of Mineral
Resources, September 1991,

Exploration and Mining on Rural Land in NSW. Common Questions and Answers;
Department of Mineral Resources, September, 1991

Guide -lines for Arbitrators and Others Regarding Access to Lands For Mineral
Exploration; Department of Minerals and Energy, October, 1990

All these are available from any office of the Department of Mineral
Resources. Further specific information on titles can be obtained from any
Mining Registrar.

The relevant statutes, available from the NSW Government Information Service,
Sydney are:

Mining Act, 1976 (New act due for release 1st August, 1992).

Relevant Land Planning Acts
Clean Air Act
Clean Waters Act
Environment Protection Act

For those interested in technical information on mining and exploration
methods, a good overview can be gained from:

SME Mining Engineering Handbook. Port City Press, Baltimore, Maryland, 1973
Library of Congress Catalogue Card # 72 -86922

A comprehensive study of tailings dams management is presented in:

Ritcey, Gordon M: Tailings Management, Problems and Solutions in the Mining
Industry. Elsevier Science Publishers, 1989. ISBN 0- 444 -87374 -0

More references are available on request to the author, PO Box 157, Cobar NSW
2835. Ph (068) 366 635 or Fax (068) 366 637.
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DEVELOPMENT OF COMMUNITY BASED LAND MANAGEMENT STRATEGIES
IN THE SEMI -ARID RANGELANDS

Bill Tatnell

Dept Conservation and Land Management, Broken Hill, NSW

INTRODUCTION

When you consider the state of land management in the semi -arid rangelands
over the time of European settlement, it is fair to say that we have actually
been managed by the land itself. The introduction of plants and animals,
changes to fire regimes, provision of farm water supply, control of dingoes
in the sheep rangelands - has resulted directly and indirectly in massive
changes to the soil and the structure of the vegetation communities. We have
reacted to changes but have been poor managers of this change.

If the negative trends of woody weeds increase, pasture decline and soil
erosion caused by uncontrolled grazing are to be reversed then a significant
and sustained effort is required.

One part of the reversal process lies in co- operation between individuals,
groups and agencies. Collaborative projects provide an effective means of
gaining a better understanding of natural processes, developing appropriate
technology and strategies aimed at managing the pastoral environment in a
positive direction.

An additional part of the reversal process is the required changes to the
structure and functioning of institutions and government to ensure they remain
sensitive and supportive to community needs. This can be achieved by aiming
at the creation of an "environment for planning" for land managers rather than
the traditional emphasis on "production of plans" by the institutions
themselves (Tatnell 1992).

The following paper describes the evolution of land management concepts,
programs and strategies in the Broken Hill district over the past six years.

TECHNOLOGY DEVELOPMENT AND EXTENSION

Traditional "extension" creates the image of the agency expert (full of
knowledge from the laboratory) convincing the landholder (the empty but
receptive vessel) to adopt something new. This perceived linear flow of
information has become ingrained in institutions (Ison 1990) and unfortunately
still exists in the minds of some landholders who expect us to have all the
answers.

Traditionally, the process of developing new knowledge from research and
extending that research to landholders has been expensive and slow.
Institutions which have developed new technology have often had problems in
extending this technology to adoption stage.

The development and ready acceptance of "state of the art" technology in the
Broken Hill district has been notable over the past six years in the areas of
scald reclamation (Tatnell 1990), rangeland rabbit control (Tatnell and March
1991) and woody weed control. With the value of hindsight, from an
institutional perspective, this is probably the result of an ability to:

Recognise landholder needs and demands for technology
Understand the nature of the resource to be managed
Work with landholders to develop the technology
Ensure that landholders have a stake in the technology
Continually investigate, evaluate, modify and adapt the technology
Ensure there is vertical integration of associated technologies
Ensure there is vertical integration of post application management
Promote successes to the broader community
Optimise broader community inputs
Privatise the ownership of the technology
Continue to develop associated technologies
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GROUP FORMATION

The first two landholder groups, Pine Creek and Topar, formed in the Broken
Hill District before federal funding became widely available for landcare.
Formation resulted from the recognised need to pool resources, to assist in
the efficient running of heavy machinery in remote areas, and to facilitate
the exchange of management information. Other benefits of landholder groups
were acknowledged from experience in Western Australia and the United States.

LANDCARE

On formation, the Pine Creek Group had decided to concentrate on rabbits while
the Topar Group focused on woody weeds . When federal landcare funding became
available these two existing groups were in a prime position to expand their
program (Pine Creek and Topar Landcare Achievements 1990 to 1991).

Landcare funding stimulated other groups to form. During this period there
was active discouragement of the formation of small isolated groups in the
district. Fire Brigade boundaries (which mesh together) were used as a
recognised community area. Each landholder within the boundary is given an
equal opportunity to participate. Total participation of all properties
within the boundary has not been required but is actively encouraged. The
average size of each group is 1 million hectares.

Regardless of the original motives for the formation of groups, a growing
understanding of the benefits of involvement in land management programs has
occurred.

RANGECARE GROUPS - BROKEN HILL DISTRICT

Nine Rangecare Groups now cover 7 million hectares, approximately 70% of the
Broken Hill District (Figure 1). Issues addressed include: rabbit control;
woody weed management; pasture and tree regeneration; goat control; pig
control; kangaroo management.

QVEENSLAPtD

Figure 1. Rangecare Groups Broken Hill District

The Pine Creek and later the Topar Rabbit Control Demonstration Projects
focused on the implementation of broadscale rabbit ripping methodology
developed during the 1987 Pilot Rabbit Ripping Scheme by the SCS and the Rural
Lands Protection Board. (Tatnell, 1987)
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Some major turning points resulting from these projects included:

- the gross underestimation by all involved of the large numbers of rabbit
warrens

recognition of the ability of heavy machinery (D5) to operate efficiently
in extensive rangelands

- the need to integrate poisoning and predator control into rabbit control
programs

- recognition of the link of land type to rabbit warren density

recognition of the potential interactions between woody weeds and rabbits

identification of the need to investigate particular aspects
of rabbit control technology to fill knowledge gaps

STRATEGY PLANS AND DEMONSTRATIONS

All groups in the district have shown a strong interest in strategy planning
to maximise the effectiveness of their land management programs. Strategy
plans have been completed for two group areas covering 2 million hectares
(Tatnell and March 1991) with a target for total coverage by 1995.

The interactions between various existing land degradation components are
often complex and subtle. Strategy plans have assisted in the demonstration
of important interactions (eg. rabbits and woody weed infestation) and will
assist in management within the lands capability through recognition by
landholders of current and historical land degradation problems and their
relationship to land type.

The concept of farm planning is not new. There are numerous methodologies
available to support a wide variety of management decisions.

In the past however, farm plans have often been viewed as a "product" and not
a "process ". The overall objective of strategy planning is to involve
resource managers in often complex "process" of land management.

The main aim of the strategy planning techniques is to:

1 assist land managers to recognise the inter -relationships between the
vegetation, the soils, property improvements and management decisions

2 ensure that technological and managerial decisions are made with full
knowledge of likely costs and outcomes

3 share the ownership of land management problems with land managers and
assist in the production of group strategy plans

The strategy plan method was developed for the following reasons:

relatively low cost (in dollars and hours) to produce
(approximately $800 per property all inclusive )

maximise landholder input and therefore problem ownership

dynamic documents which can be changed in response to finance, technology
and knowledge

"layers" of information can be added as required

provides a data base for group activities eg. identifying the extent and
location of group problems

provides a basis for development of group strategies eg. feral goat and
rabbit control strategies
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Information on the extent and location of major land degradation problems is
essential for effective planning.

It has been recognised that the production of accurate and meaningful strategy
plans relies on landholder knowledge of both the problem itself and the
variety of management tools available. Therefore demonstration of rangeland
technology is an integral part of the strategy plan process. Demonstrations
need to be seen as a process which will require additional monitoring and
inputs over extended time periods.

A firm basis for a Group strategy plan can be produced by combining data from
demonstrations with property strategy plans.

RECOGNISING ECOLOGICAL INTERACTIONS

As a direct result of combining demonstrations of rabbit control and woody
weed management with property strategy planning, the interactions of land type
with rabbit warren density and woody weed density have become more apparent
(Tatnell and March 1991).

There are also relationships between rabbits and woody weed infestations
(Table 1). The broader environmental implications of these types of
interactions deserve far greater consideration at both management and research
levels.

Table 1. Historical interaction between rabbits, land degradation and woody
weed infestation in western New South Wales

Pre - European *
*

*

1870- 1950's
by Rabbit plagues

*

Livestock introduced *

Kangaroo increase
Other feral animals *

1960- 1970's
Myxomatosis active

1980's
Rabbits increasing

1990 to the future?

Vigorous perennial grass pasture
Grass fires caused by lightening and patch
burning
Isolated stands of woody weeds adjacent to
lakes, swamps, creeks, and on the tops of
unstable dunes

Perennial grasses overgrazed and destroyed
rabbits digging for moisture in roots
Wind erosion /dust storms disperse woody weed
seeds across the landscape
Woods weeds increase rapidly with few
perennial grasses to compete with woody
weed seedlings or to produce fire

* Feed shortages during droughts forced rabbits
to ringbark mature woody weeds and dig out
seedlings

* Livestock are forced to heavily graze areas
not eaten out by rabbits further weakening
pasture and encouraging the spread of woody
weeds following the next good summer rains

* Survival of woody weeds ensured with the
reduction of rabbit numbers. Good summer
rains assist in the further rapid growth
and spread of woody weeds

* Perennial grasses begin to recover but
landholders put out any fires, thereby
preventing natural control of woody weeds

* Another period of perennial grass decline
increasing rabbit numbers as a result of
resistance to, and decline in the virulence
of myxomatosis

* Rabbit control programs utilising
biological, mechanical and chemical control

* Perennial grass recovery allowing natural and
controlled burning to reduce cover of woody
weeds
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This is one example of complex ecological interaction which is now gaining
recognition, moving groups away from trying to find single one off
technological solutions to solve their problems.

There are benefits in evaluating each land system (land type) individually and
developing a rabbit control and woody weed management programs to suit the
situation. This also applies to other land degradation and management issues.

COMMUNITY BASED INVESTIGATIONS

It is evident from the results of the group formation, and demonstration -
strategy planning, that the general understanding of land management
interactions has increased among all parties involved in the process.

For many years land managers in the Western Division of NSW have relied on
extension advice much of which has been extrapolated from other high rainfall
areas or information which is based on a poor understanding of management
interactions.

The grazing community and agencies are now recognising these information gaps
and are formulating plans to undertake community based investigation.

Some of the current projects titles on the community group drawing board (and
in progress) are:

* Investigation of Bait Type and Rates For Rabbit Control
Rangelands

* Motorcycle Mounted Bait Layer For Control of Rabbits In
* Rabbit Control Strategies For The Soft Mulga Country
* The Use Of Satellite Location Device For Increasing Efficiency

Extensive Rabbit Ripping Programs
* Group Feral Goat Control Pilot Projects
* The Effect Of Kangaroo Proof Troughs On Home Range, Behaviour and Welfare
* Kangaroo Alert System - What are the mobile mobs up to?
* The Effect Of Selective Exclosure Of Rabbits, Roos, Goats and Livestock
On Regeneration Of Natural and Direct Seeded Native Vegetation

* The Development Of A Mechanical Grubber To Control Scattered Woody Weeds

in Semi -Arid

Difficult Country

In

RECENT RANGECARE INITIATIVES

Since March 1992, coinciding with the prolonged drought and recession, there
have been two combined meetings of the Broken Hill Rangecare groups. The first
meeting was to discuss the development of community based drought strategies
(West Darling Rangecare Groups Report, March 1992) and the second to assess
the broader financial and administrative policy effects on the management of
arid pastoral environments (West Darling Rangecare Groups Report, July 1992).

The involvement of Rangecare Groups in the broader issues influencing the
ability of landholders to respond to their environment is an important
reaction to a crisis situation. The expected outcome of this involvement is
the formation of small landholder working /discussion groups to research
various aspects of the pastoral environment. This research will cover topics
including: wool marketing; property amalgamation; kangaroo management
systems; feral goat control; landholder resource monitoring. It is
envisaged that the working groups will report back to the combined groups on
a regular basis to increase the whole communities knowledge, ownership and
action into key areas.

These activities provide a positive signal to the community ,institutions and
government that there is the need to change traditional ways of managing
economic, social and environmental issues. Governments perhaps need to be more
responsive to the community and evaluate the effects of policy in regional
context; Institutions must learn to work with and support communities, have
greater structural flexibility and be able to recognise and respond to
community learning and development needs; the community needs to develop
communication, learning and action networks internally and externally.
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A COMPUTERISED MANAGEMENT SYSTEM FOR MONITORING AND PREDICTION
OF DROUGHTS IN QUEENSLAND.

K.D. Brook, J.O. Carter, T. Danaher, G.M. McKeon, A. Peacock, and N. Flood.

Drought Research Group, Queensland Department of Primary Industries,
Meiers Rd, Indooroopilly. 4068.

ABSTRACT

Spatial simulation of pasture growth and utilisation by herbivores is being
developed as an aid to rational drought management in Queensland. A
geographic information system (GIS) of climatic variables, soil attributes,
pasture type, tree cover and stock numbers on a 5x5 km grid facilitates the
running of a pasture simulation model (GRASP) on a state -wide basis.
Interaction of stock density and pasture growth with the best climatic
scenarios for the next 90 days will produce estimates of current and future
pasture utilisation. Where utilisation is excessive maps showing land
condition alerts will be issued.

LAND DEGRADATION AND DROUGHT

In Northern Australia, 85% of cattle production is on native pasture and 60%
of this is degraded or at risk of degradation. Pastoralism in Australia occurs
in zones of high year -to -year rainfall variation. Heavy pasture utilisation
during drought years causes the loss of desirable perennial grasses and
reduces protection for the soil surface (Gardener et al., 1990). While
destocking during droughts and subsequent restocking during favourable
seasons, protects the land and pasture resource, it is usually more desirable
economically to attempt to maintain a constant number of stock (Foran &
Stafford Smith, 1990). Climatic variability on a five to thirty year time
scale makes it difficult to determine a 'safe' property stocking rate which
can be maintained every year (Clewett et al., 1991). Hence, in any region
there is likely to be a range of stocking rates used by graziers and there
will be some properties which are overstocked during drought.

Similarly, variability in markets (price of stock) has led to situations where
graziers are unable to sell stock even as part of a normal culling practice
(beef price collapse in 1974, current wool market problems). As a result
either droughts or market forces are likely to lead to high utilisation and
the risk of degradation. Thus land and pasture degradation appear to be an
inevitable consequence of climatic and market variability, and there is a
clear need to regularly advise and update graziers and regional land care
organisations on the likelihood of degradation.

The 1991/92 El Nino event in Eastern Australia caused considerable financial
hardship for producers battling an economic recession and poor commodity
prices. Estimates of the economic loss for the drought in Queensland approach
one billion dollars. Proactive destocking by agistment or sale of animals
would have successfully ameliorated some of the financial hardship of drought,
improved the sustainability of the soil and pasture resource, and enhanced
animal welfare.

Major aims of the QDPI drought research program are to predict the occurrence
of feed deficits and land condition alerts on a quarter to half shire basis
over Queensland. This will provide a rational basis for large scale management
decisions by graziers, extension workers and politicians.

SPATIAL MODELLING OF PASTURE PRODUCTION

At present there is no truly objective methodology for monitoring the
condition of Australia's pastoral lands in terms of productivity and
sustainability. Animal numbers, which are reported by the Australian Bureau
of Statistics (ABS), cannot provide this assessment. It is only when animal
numbers are combined with pasture growth that important sustainability indices
(pasture utilisation and plant cover) can be derived. The drought project
seeks to fill this gap and provide continual and objective assessment of the
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pastoral resource. The proposed spatial systems will not only 'monitor'
resource use but will also provide a system for the extension and transfer of
existing management principles to overcome likely problems of degradation.
The approach involves running the QDPI's widely validated GRASP pasture growth
model (McKeon et al, 1982) on a spatial basis (currently 5 km grid) over the
entire state (1.7 million sq km).

Input data for the model includes pasture type, soil type, stock numbers,
percent tree cover, rainfall, maximum and minimum temperature, humidity, and
radiation. The model produces estimates of pasture production and is run
forward on a daily time step up to 90 days into the future. Analogue years for
future rainfall scenarios will be selected from the probability distribution
of historical records considering the current probability of an El Nino event.
When pasture production is combined with stock estimates (ABS for historical
data and stock inspectors for real time updates) from the various shires,
calculations of the degree of pasture utilisation can be made and displayed
as maps of feed availability and land condition.

Studies of the influence of the Southern Oscillation on seasonal rainfall
(Muchow & Bellamy, 1991) have provided a powerful understanding of comparative
rainfall variability and frequency of extreme events (i.e. drought or flood).
During the next decade it is anticipated that other improvements to current
prediction systems will enhance rainfall forecasting at a 30 day and 90 -180
day time scale (Voice, 1991). These developments may improve the forecast
accuracy of the spatial model.

Weather data are obtained from up to 450 Queensland meteorological stations
on a daily basis by computer network links with the Bureau of Meteorology. We
are supplementing this network in remote areas.Interpolated meteorological
surfaces have been developed with collaboration from the Australian National
University's Centre for Resource and Environmental Studies in Canberra.
Cross -calibration of the generated green cover from our spatial model with
National Oceanographic and Atmospheric Administration (NOAA) satellite imagery
will be used to validate the model's spatial accuracy.

A prototype of the spatial model shows the technological feasibility of our
methodology, but many refinements of the GIS data and modelling software are
scheduled before field validation and subsequent implementation over the next
few years.
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SIMULATION OF PASTURE PRODUCTION IN SOUTH WESTERN QUEENSLAND

P.W Johnston, J.O Carter and G.M. McKeon

Queensland Department of Primary Industries, PO Box 282, Charleville Q 4470

ABSTRACT

Computer simulations of pasture production were used to estimate safe carrying
capacities for a range of land systems found in south west Queensland.
Simulation enabled a quantitative determination of carrying capacity as
opposed to the traditional qualitative approach used by land administrators
in the past. The need to adjust carrying capacities is required for long term
stability of the region. Computer simulation offers one approach to
determining safe carrying capacities.

INTRODUCTION

Native pastures occupy ninety percent of Queensland's area. Better management
of this resource requires a knowledge of how productivity interacts with
climate, grazing, fire, shrub increases and soil loss. Computer modelling
offers an alternative to traditional avenues of examining these interactions
and determining carrying capacity.

Traditionally, carrying capacities for the mulga lands of south western
Queensland have been defined by land administrators to calculate rents for
leasehold properties. Values were determined qualitatively based on experience
and expectation, and once determined were difficult to adjust. While no longer
required for rental assessment, carrying capacities are increasing in
importance. Their use now extends to determining stocking strategies, living
areas and cash flow budgeting. With increased importance, a quantified and
defendable method of determining carrying capacity is needed.

The use of modelling and simulation to tackle these issues is not new.
Christie and Hughes (1983) simulated primary production of the ground storey
component of mulga (Acacia aneura) pasture at one location. They then
quantitatively determined a sheep carrying capacity for a range of pasture
condition classes based on these results.

However, the technique needs to accommodate the variety of land systems and
condition classes found in the mulga lands. This paper describes the adoption
of an existing simulation model of pasture production to a wider range of land
systems. The quantitative estimation of long term carrying capacity using
these simulation results is illustrated for each land system.

METHODS

i) Net primary production.
Net primary production data was collected over a fifteen month period at seven
locations in south western Queensland using the technique of McKeon et al
(1988). These data were used to calibrate the GRASP primary production model
(McKeon et al. 1990). The land systems were Spinifex Heathland, Alluvial
Mitchell Grass Plains, Hard Mulga, Sandplain Mulga, Open Mitchell Grass Downs,
Eastern Soft Mulga and Western Soft Mulga.

ii) Simulation and carrying capacity estimation.
Long term daily climatic data from the Bureau of Meteorology Charleville was
used in simulations. A probability distribution of pasture production (kg /ha)
for each site was calculated from the simulation results. The pasture
production occurring seven years out of ten (70% probability) was then used
to estimate a "safe" carrying capacity, by adjusting stock numbers to consume
only a portion of this production. For the mulga sites the portion utilised
was 20% and for Mitchell grass sites 30% was utilised. Grazing trials on these
land systems have previously indicated that utilising these portions of end
of summer pasture production are commensurate with pasture stability. The 70%
level of probability was considered to represent an acceptable level of risk.
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"Safe" carrying capacity (DSE /ha) is calculated as = (Y *U) /(C *100)

where DSE = Dry Sheep Equivalents
Y = Pasture yield (kg /ha) at 70% probability
U = Level of pasture utilisation ( %)
C = Annual dry matter intake per DSE (400 kg)

RESULTS

Results are presented for one location as an example of the methodology.
Table 1. Other locations are represented on the poster. The pasture
production for seven years out of ten (70% probability) for the Eastern Soft
Mulga was 382 kg /ha. Consuming 20% of this production gave a carrying
capacity of 5.3 ha /DSE.

DISCUSSION

The safe carrying capacity determined quantitatively is below that reported
by Passmore (1992) of 2.4 ha /DSE for the same region. The contribution of
browse to the sheep diet was not included in the determination of "safe"
carrying capacities. Production from the ground story was only considered,
as it is here that grazing has its most significant impact on pasture and soil
stability.

Quantifiable determination of carrying capacity in this way is required if the
productivity of the region is to be maintained. The safe carrying capacities
need to be included in determining "safe" stocking strategies and cash flow
budgeting. Over expectations of the productive capacity for the region will
be avoided if this approach to carrying capacity determination is used.

Table 1. Probability distribution of annual rainfall and pasture growth
from the GRASP primary productivity model for the Eastern Mulga
near Charleville.

Probability Rainfall (mm) Pasture growth kg /ha

0% 205 170

10% 268 317

20% 333 350

30% 378 382

40% 416 492

50% 440 579

60% 483 695
70% 514 842

80% 656 998

90% 716 1270

100% 801 1503

mean 468 664
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CHANGING STOCKING RATES AND BURNING MANAGEMENT TO REDUCE GREENHOUSE GAS
EMISSIONS FROM NORTHERN QUEENSLAND RANGELANDS.

S.M. Howden 1, G.M. McKeon2, J.C. Scanlan2, J.0. Carter2 & D.H. Whi to J .

Agricultural Systems, Bureau of Rural Resources, P.O. Box E11,
Queen Victoria Terrace, Canberra, ACT, 2600.

2Queensland Department of Primary Industries, Brisbane, Qld, 4000.

ABSTRACT

GRASSMAN, an agricultural decision -support model, has been modified to include
sources, sinks and storages of greenhouse gases. The modified model was used
to investigate the effects of changes in stocking rate and burning management
on greenhouse gas emissions of northern Queensland rangelands. These
rangelands are significant net emitters of greenhouse gases in their natural
state, resulting in large differences between net and anthropogenic (man -made)
emissions and hence, to different conclusions regarding emission reduction
strategies. At moderate stocking rates, anthropogenic emissions could be
reduced by about 20% with little loss of productivity. However, similar
reductions in net emissions require larger management changes with substantial
drops in productivity. At heavy stocking rates, reducing stock numbers
reduced emissions whilst increasing cattle production.

Reducing burning frequency can reduce greenhouse gas emissions. However,
recommendations to minimise burning have to recognise the benefits achieved
through burning.

INTRODUCTION

Global climatic changes have been widely forecast as a result of increasing
atmospheric concentrations of radiatively- active (or 'greenhouse') gases such
as carbon dioxide and methane. Methods for evaluating and reducing greenhouse
gas emissions are being sought for a range of Australian industries, including
the northern beef cattle systems. Simulation models are necessary to analyse
emissions from these rangeland grazing systems, because of the complexity of
interactions between the system components. For example, cattle stocking
rates affect burning regimes by controlling fuel loads, and burning influences
the growth of shrubs and trees, which in turn affects grass growth and thus
stocking rate. All of these affect net greenhouse gas emissions.

To calculate emissions from grasslands, Howden, (Howden et al. 1991) modified
GRASSMAN (Scanlan and McKeon 1990), an agricultural decision - support model for
beef cattle enterprises, to include sources, sinks and storages of greenhouse
gases. The modified model does not yet include the effects of management on
soil organic matter. This model is used to investigate the effects of changes
in stocking rate and burning frequency on greenhouse gas emissions and
productivity.

METHODS

A case study is made here of a pasture of native grasses growing on duplex
soils with a medium density, mature woodland of Silverleaf Ironbark
(Eucalyptus melonophloia) trees and a shrub understorey. The basal area of
trees was 6.0 m4/ha. Termite biomass was high (96 kg /ha). Pasture burning
was carried out every third year if there was adequate standing dry matter to
support a burn (the default burning treatment). This example was chosen as
a general view of northern Queensland pastures.

Emissions are calculated in two different ways in this study: 1 ) net emissions
where these are the differences between the sources and sinks for the
greenhouse gases CO2, CH4, CO, N20 and NO when they are all expressed in terms
of CO2 equivalents (Shine et al. 1990), and; 2) anthropogenic (man -made)
emissions where this is the difference between the net emissions under any
management option and the net emissions in the natural, ungrazed state with
a three year fire frequency. All emissions are calculated on a per hectare
per year basis. The index of productivity calculated here is animal
production per unit area (kg liveweight gain /ha /year) for steers.
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Two simulation studies were completed. The first investigated the effect of
changes in stocking rate on emissions. The second investigated the effect of
fire frequency on greenhouse gas emissions at a set stocking rate of 0.22
AE /ha. This rate gave both a safe summer pasture utilisation of 30%
(approximately 40% utilisation of annual growth) and near maximum production
and is used as a baseline for comparing management options for the stocking
rate simulation. Simulation studies were conducted for 15 years of average
climate.

RESULTS

The woodland grazing systems of northern Queensland investigated here are
significant net emitters of greenhouse gases (261 kg CO2 equivalents /ha /year;
Fig la) in their natural state (i.e. with grazing only by native fauna).

Stocking rate had a substantial, non -proportional effect on greenhouse gas
emissions (Fig la). For example, a 20% reduction in net emissions would
require a 52% reduction in stocking rate from the "best" stocking rate. In
contrast, a 20% reduction in anthropogenic emissions would require a 22%
reduction in stocking rate. This reduction in stocking rate would result in
about a 5% (1.2 kg LWG /ha /year) reduction in liveweight gain (Fig lb).
Increases in stocking rates above the estimated "best" stocking rate of 0.22
AE /ha resulted in increases in greenhouse gas emissions but decreases in
liveweight gain (Fig la,b).

a) b)
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Figure 1. Relationships between; a) net and anthropogenic greenhouse gas
emissions (kg CO2 equivalents /ha /year) and stocking rate (AE /ha), b)

liveweight gain (kg /ha /year) and anthropogenic emissions, for a native pasture
woodland grazing system in northern Queensland. The mark ( *) on figure b)
indicates a stocking rate of 0.22 AE /ha.

When fire was excluded from the grazing system, net greenhouse gas emissions
averaged 294 kg CO2 equivalents /ha /year (Fig 2). Increasing the frequency of
burning increased emissions such that when the pastures were burnt every year,
average emissions were almost doubled (531 kg CO2 equivalents /ha /year).

DISCUSSION

Northern Queensland rangeland systems are substantial net emitters of
greenhouse gases in their natural, ungrazed states, and grazing with cattle
increases emissions above this level. At moderate stocking rates, relatively
minor changes in stock management can result in relatively large reductions
in anthropogenic greenhouse gas emissions without large reductions in
productivity. Hence, if anthropogenic emissions are considered, reducing
greenhouse gas emissions from these pasture systems by about 20% over the next
15 years may be possible with little economic cost. Reduction of net
emissions by the same amount will require larger management changes and would
result in substantially lower animal production. The large differences
between net and anthropogenic emissions are due to the substantial emissions
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occurring from these landscapes in the natural state. The results presented
here show that emission definitions are of critical importance in determining
feasible emission reduction strategies.

Burnt every year

Burnt every second year

Burnt every third year

Burnt every fourth year

Burnt every fifth year

Never burnt

0 100 200 300 400 500 600
Net emissions (kg CO2 equivs /ha /year)

Figure 2. The effect of fire frequency on net emissions of greenhouse gases
(kg net emission CO2 equivalents /ha /year). Fire frequency was varied from nil
to burning every year. Stocking rate was 0.22 AE /ha for all treatments.

Increases in stocking rate over the 'best' stocking rate calculated here by
GRASSMAN, resulted in both increased emissions and reduced productivity. In
heavily grazed systems, the relatively small reductions in stocking rate that
are needed to reduce anthropogenic emissions significantly may also have the
effect of reducing soil and vegetation degradation.

Emission reductions could also be achieved through minimisation of burning.
However, burning is an integral part of the ecology and management of grazing
lands in the north of Australia. For example, burning is used to control the
growth of shrubs, trees (woody weeds') and undesirable grasses (Orr et al.
1991), to provide livestock with high quality feed and to prevent patch
grazing (Andrew 1986). Hence, recommendations to minimise burning to reduce
greenhouse gas emissions have to be consistent with these high priority
management objectives.
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VARIABILITY OF CLIMATE IN RANGELAND ENVIRONMENTS

Elly Spark

Senior Meteorologist, Climate and Consultative Services,
Bureau of Meteorology, NSW Regional Office

INTRODUCTION

Recent emphasis in the community and the press has been on human- induced long
term climate change. Much effort has therefore been expended in determining
existing evidence of climate change. However, any observed climate trends need
to be treated with great caution as they may well reflect changes due to
natural climate variability rather than man-made climate change. Moreover,
climate variability will have a much greater effect on the year to year
operation and planning of rangeland agriculture. The variability of climate
is a critical feature of rangeland and arid areas. This poster presentation
aims to show some of the ways that variability data can be used to give useful
climate information for planning purposes.

Rainfall Variability

A simple way to assess rainfall variability is through a visual assessment of
the annual rainfall plots. Figure 1 shows the annual rainfall totals for
Cobar for all years of available data. The data used is combined data for
Cobar Post Office and Cobar Meteorological Office, since the Post Office
ceased as an observing site in 1962. Variability is clearly illustrated. The
lowest two recorded rainfalls were 101mm in 1982 and 116mm in 1937; the
highest totals were 800mm in 1891 and 798mm in 1949. (1896 data is missing).

Simple inspection also reveals "wetter" and "drier" periods. For example,
although 1963 -1991 at Cobar MO shows higher average (407mm) and median
rainfall (391mm) than Cobar PO for the 1882 to 1962 period, (351 and 347mm
respectively), Cobar PO would have had an average rainfall of 422mm and a
median of 415 for the 1882 to 1895 period.

Figure 1.
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Restrictions of "Average" Statistics

Statistics which give an indication of the mean or "normal" values, such as
the average or median are only useful when there are small variations about
these values. When there are large fluctuations, as may be expected in the
climate of rangeland areas, it becomes necessary to consult measures of this
spread. The standard deviation is a useful measure of spread for normally
distributed variables. However, rainfall is not distributed normally.
Averages tend to be influenced by a few years of extremely high rainfall. The
best indication of rainfall variability is gained through looking at rainfall
deciles. These can be used graphically to give some very useful information.

For example Fig. 2 shows that Cobar, although it has little seasonal variation
in its average or median rainfall, has considerable seasonal variation in the
monthly variability, with the winter rainfall being the least variable.

Figure 2.
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Rainfall Deciles are available for Bureau of Meteorology rainfall stations
and are calculated for standard periods ranging from one to twelve months.
This means it is possible to obtain decile information for any desired growing
period - for example five months starting May - in order to obtain an
estimate of the likelihood of occurrence of a desired rainfall. Complete
decile information for one location is available on four photocopied pages for
$2 from your regional Meteorological Office. Alternatively, it can be
provided on fiche or computer disk if the information is required for a large
number of locations. District rainfall deciles are also available.

Variability Index: This is calculated from the 9th, 5th and 1st decile (or
90th, 50th and 10th percentile). It may be calculated by subtracting the first
decile from the ninth decile and dividing the result by the fifth decile. A
plot of this index on an annual Australia wide basis is shown in Figure 3. It
is a useful index for comparisons between locations.
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WOODY WEED POPULATION DYNAMICS NEAR BOGGABRI, N.S.W.

A.H. Grigg and J.A. Duggin

Department of Ecosystem Management, UNE, ARMIDALE N.S.W.

ABSTRACT

Data on the population dynamics of three 'woody weed' species Acacia deanei,
Cassia nemophila and Dodonaea viscosa, collected over a 12 year period at a
disturbed site near Boggabri showed that recruitment generally occurred on an
annual basis as soil moisture conditions allowed. Population numbers for A.
deanei and C. nemophila rose dramatically after approximately 4 and 5 years
respectively due to maturation of and seedfall from early individuals.
Dodonaea viscosa showed a slower rate of increase, presumably due to lower
levels of seed production. Mortality was highest for all species up to age two
while mature individuals persist in the population structure. The results
provide further information on the temporal changes of these species
populations over the longer term, with a view to assisting in the refinement
of control strategies.

INTRODUCTION

The term 'woody weed invasion' has been used to describe the development of
dense stands of endemic shrub species over extensive areas of western New
South Wales. The phenomenon poses a number of difficulties for graziers
including a reduction in herbage production and therefore stock carrying
capacity. Control methods have centered on prescribed burning or grazing
management, both of which utilise knowledge of the biology of these shrubs to
reverse further expansion. This paper presents information on the population
dynamics of three 'woody weed' species over a 12 year period, to expand our
understanding of these shrubs and assist in refining control strategies.

METHODS

Six transects, 10m x 30m were used to monitor shrub recruitment, growth and
survival at a site near Boggabri in the central north of New South Wales. The
site was disturbed by mining, respread with stockpiled topsoil in 1979 and
allowed to regenerate. Cohorts were defined as all new individuals recorded
at each measure, with division into sub- cohorts for measurement intervals
exceeding one year by frequency analysis of height data. Individuals were
mapped and fates were determined using preceding location and height data.

RESULTS AND DISCUSSION

Recruitment in A. deanei and D. viscosa occurred annually, usually during the
autumn and winter months when presumably soil moisture is greatest. An extra
cohort was identified when good rainfall persisted throughout 1983. Rainfall
at the site (mean 643 mm /yr) is likely to have assisted the regular
germination pattern and survival of young seedlings compared with more arid
sites (Hodgkinson, 1979). Cassia nemophila showed less regular recruitment
including a period of over three years with no new individuals. Total numbers
of this species were low during this time.

Rapid population expansion (Fig.1) was observed in A. deanei some 4 years
after initial recruitment (Cohorts 6 -3 onwards) and in C. nemophila after 5
years (Cohort 6 onwards). The population of D. viscosa doubled between 4 and
8 years but total numbers were low relative to the other two species and the
rate of expansion subsequently decreased. The size of new cohorts in A. deanei
and C. nemophila has continued to increase since initial expansion.

Average shrub densities using bulked data had reached 2,356 stems /ha for A.
deanei, 2,506 stems /ha for C. nemophila and 233 stems /ha for D. viscosa
respectively after 135 months. Distributions of the former two species showed
increasing aggregation. For A. deanei, 80% of Cohorts 6 -3 and younger were
within 2 metres of older plants 2 metres or taller at 91 months. For C.
nemophila, 99% of Cohorts 6 to 8 were within 2 metres of older plants 1 metre
or taller at 91 months.
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Figure 1. Population structure by cohort for (a) Acacia deanei, (b) Cassia
nemophila and (c) Dodonaea viscosa growing an a site disturbed by mining near
Boggabri, NSW. Cohorts are defined in the text.
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Figure 2. Survival curves of cohorts for (a) Acacia deanei, (b) Cassia
nemophila and (c) Dodonaea viscosa growing an a site disturbed by mining near
Boggabri, NSW. Cohorts are defined in the text.

The sizes of population expansion for each species, and the distribution of
younger individuals concur with the available literature on seed production,
soil seed pools and dispersal patterns. This indicates that A. deanei and C.
nemophila reach reproductive maturity at approximately 4 and 5 years
respectively. Low numbers in D. viscosa made estimation of reproductive age
unreliable. Control methods aimed at limiting the soil seed pool of these
shrubs, for example by fire, should therefore consider this time frame. This
is particularly so in newly cleared or disturbed areas where the size of the
shrub seed pool is initially low.

Average height growth for each species and the maximum individual height after
135 months are given in Table 1. The data give no indication of a decrease in
growth rates for the earliest cohorts, suggesting maximum heights have not yet
been achieved at this site.

215



Table 1: Mean height growth and maximum individual height after 135
months for three shrub species at a site near Boggabri, NSW.

Species Mean ht growth Max. ht at 135 months
(m /yr) (m)

A. deanei 0.42 5.7
C. nemophila 0.24 2.7
D. viscosa 0.36 4.4

Survival curves for cohorts of each species (Fig.2) showed that most mortality
occurred within 2 years from establishment. Half -lives (measured following the
first appearance of individuals) for cohorts of A. deanei varied from 23 to
111 months. Half -lives could not be reliably calculated for the other species.
Once established, shrubs were generally long -lived and have persisted in the
population structure (Fig.1), probably due in part to the more mesic climate
of the site.

Mature shrubs contribute a disproportionately large amount of seed to the soil
seed pool compared to their numbers (Grice, 1987). Given the low turnover of
mature established shrubs continuing shrub infestation is expected at this
site.
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WOODY WEED CONTROL IN CENTRAL AUSTRALIA
USING THE HERBICIDE TEBUTHIURON

Andrew White

Dept. of Primary Industry and Fisheries, Box 8760, Alice Springs, NT 0871.

ABSTRACT

The herbicide tebuthiuron was applied at rates varying from 3.7 to 10.7kg /ha
(of product) on target species of mulga (Acacia aneura), ironwood (A.
estrophiolata) and witchetty bush (A. kempeana). Control of all species was
achieved but the desirable combination of low effective rates and good
pasture response made only ironwood control economic. Initial effects
included a complete denuding of all vegetation on some occasions, the
duration of which appeared to be related to the application rate,
rainfall /time and soil type. At the ironwood sites following good summer
rain, standing pasture biomass on the treated sites exceeded that of the
controls by up to 4 times.

INTRODUCTION

A high density of trees and shrubs can compete with valuable native pasture
for moisture and nutrients thereby reducing the vigour and value of these
pastures and turning productive areas into country of little pastoral value.
Since the wet years of the 1970's significant local areas have had increases
in the density of unpalatable native woody species. The associated loss in
revenue could be substantial.

While fire and mechanical methods such as chaining or blade ploughing are
capable of controlling excessive trees, for a variety of reasons these are
not always the preferred options. The aim of this trial was to investigate
the effectiveness, cost efficiency and environmental impact of the use of
tebuthiuron for excessive native. vegetation (woody weed) control.

METHODS

Two unreplicated trials were carried out north of Alice Springs within a
280mm rainfall area. The first was instigated in December 1987 where
tebuthiuron was hand applied over a 3ha area at rates of 0, 5, 7.5 and
10kg /ha on each target species of juvenile ironwood (up to 18,000 plants /ha
on alluvial soil) and mulga (up to 9,000 plants /ha on red clay, red earth
soils).

The second trial was commenced in December 1989. Tebuthiuron was applied
through a power mister /blower over a 1ha area at rates of 0, 3.7 and 4.9
kg /ha on juvenile ironwood and at 0, 5.1, 6.8 and 8.4kg /ha on witchetty bush,
all on earthy sands. Visual appraisals were carried out until 1990 when
pasture composition and yield assessments as per Bastin (1989) were
commenced.

RESULTS

Rainfall of 350mm was received in early 1991 and produced an excellent
pasture response. In May 1991 ironwood control in excess of 95% was achieved
at all rates of application in both trials. Control of mulga in trial one was
around 70 - 80% at rates in excess of 7kg /ha and witchetty bush control in
trial two was 70% at 5.1kg /ha and 99% at 8.4kg /ha. Non - target vegetation
within all the treated areas was also killed. Both forb species diversity and
percent yield were greatly reduced in the treated areas compared with the
controls.

Pasture yields in the 1987 ironwood trial sites were substantially greater on
the treated areas at 1208 and 1360kg /ha, than on the control at 601kg /ha.
This trend was repeated in the 1989 ironwood trial sites at the lower rates
(1560 and 1872 kg /ha on the treated areas and 453 kg /ha on the control).
Pasture yield on all other sites was either less than or similar to their
controls.
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For the 1987 trials the sites were denuded of vegetation for the first 18
months after application. While bare areas were still present on all treated
sites in 1991, the grasses present were larger, more robust and vigorous than
on the controls. Measurements of residual tebuthiuron at levels of 0.2mg/kg
were obtained from soil samples taken 50m from the application site at a
depth of 30 - 60cm 3 years after application.

DISCUSSION

With the heavier rates needed to achieve control in mulga and witchetty bush
and the lack of grass response it appears that the use of tebuthiuron can be
regarded as uneconomical for control of these species.

In the ironwood sites the largest yield increase of around 1400kg /ha was
achieved at the lowest application rate of 3.7kg /ha. Based on figures of a
400kg beast utilising 50% of the increased feed and consuming 2.5% of its
body weight daily, this represents a potential increase in carrying capacity
of 20 beasts/sqkm. Using the estimate of the marginal return from one beast
per annum being $60 (Cann pers comm) then increased returns represent
$1200 /sgkm /annum at an initial cost of $7400 /sgkm for tebuthiuron. The
economics appear to make the use of tebuthiuron for control of ironwood a
reasonably acceptable proposition in valuable country. However, these figures
were achieved in one season after good summer rain and will be monitored to
determine if the results continue.

The depletion in both forb species diversity and percent biomass composition
is not surprising as tebuthiuron is registered for the control of broad leaf
plants only and the label states forage grass production usually increases
following this control. While this was not the case initially in the 1987
trial where the sites were completely denuded, it was apparent in the 1989
trial. It is believed this initial denuding was influenced by the amount of
rainfall received, herbicide application rate and soil type.

The manufacturer also claims that tebuthiuron has a moderate degree of
mobility in the soil. Plant deaths occurred some 50m away from the treated
area, 3 years after application.

A further trial was initiated in 1992 to determine if the rate for effective
ironwood control can be reduced below 3.7kg /ha and to reduce the
environmental impact of killing the mature trees and the initial complete
denuding of the whole area.

REFERENCES

Bastin, G. 1989. Centralian Range Assessment Program an instruction manual
for Range Condition assessment. N.T. Dept. Primary Industry and
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WOODY WEED MONITORING FOR LAND ASSESSMENT

Sharon Weir & Maria Cofines2 Graeme Tupper2

1NSW Agriculture, PO Box 865, Dubbo 2830
2NSW Agriculture, Locked Bag 21, Orange 2800

BACKGROUND

Arid and semi -arid regions of NSW are being seriously degraded, land values
are decreasing and production is being reduced by a large increase in the
extent and density of woody weeds. These are native shrubs which have
encroached formerly open lands of western NSW and it has been estimated
that 20 million hectares are either already encroached or highly
susceptible. (Woody Weeds Task Force, 1990). The major reasons for this
encroachment are a decrease or removal of perennial grasses that compete
with the woody weeds and a lack of fires to suppress their establishment.
Land productivity and stability are vital to the agricultural industry in
western NSW and landholders must be made aware of the extent of the
problem, and its affects on pasture and soil degradation.

A lack of quantitative knowledge on the extent and rate of change of woody
weeds has led to the need for an accurate assessment of the problem
throughout western NSW. The resultant data will provide a valuable
historical record and will enable advisory staff to target severely
affected areas. Control measures available include burning, chemical
applications, goat grazing and mechanical methods including blade ploughing
and pushing. The use of these measures is dependant on the species to be
controlled, environmental conditions and economic circumstances

METHODS

The project has implemented a method developed by McCloy and Hall (1991),
to map the density and distribution of woody canopy cover in western NSW,
and to monitor changes in cover using Landsat MSS imagery. These data will
be used to develop and maintain a Geographic Information System (GIS),
which can improve knowledge of the problem and aid advisory programs, such
as identifying properties and paddocks that require woody weed control.
The advantages of using satellite data are its cost effectiveness, spatial
coverage, availability and repeated coverage, and the ability to apply a
variety of processing options for information extraction.

Digital data were purchased from the Australian Centre for Remote Sensing,
for each study area (Cobar, Bourke and Barnato) for the late 1970's to
early 1980's and for a recent overpass. Each scene was rectified to the
Australian Map Grid and subsequently classified using the Vector
Classifier. The Classifier is a technique used to estimate the proportions
of cover types using spectral signatures (nodes) of known cover types.
Three nodes were selected from each scene, based on knowledge of the area,
collection of field data and aerial photographs.

Each date was classified independently and assessed for its accuracy using
the ground data. The two dates for each study area were then used to
produce an image of the changes in percentage woody canopy cover (increased
cover, areas of no change and decreased cover). The image data were then
transferred to the GIS where digitised cadastral information, including
property boundaries and roads, were overlayed.

APPLICATIONS

This information will be integrated into existing advisory programs at the
property and, where possible, to the paddock levels. Printed output of the
classified images is available, as is the digital information in the GIS
for use by NSW State Government staff who have access to a GIS in the
regional offices.
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CONCLUSION

The application of the technology will enable the District Advisers to
increase the pastoralist's understanding of woody weed encroachment and
increase their awareness of the need to control woody weeds and adopt
suitable management programs. Although the costs of supplying this
information to District Advisers may be high, measured against the current
costs of pastoral productivity decline it would be a worthy investment. It
is hoped than an awareness of the problem in areas already affected will
encourage preventative measures in the less affected areas between White
Cliffs, Wilcannia and Broken Hill.

REFERENCES
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THE CROP KING* GRIDBALLN - A TOOL TO AID MANAGEMENT OF WOODY WEED
ENCROACHMENT IN SEMI -ARID AND ARID AREAS OF AUSTRALIA

G.R. Tucker

Incitec Ltd, PO Box 140, Morningside Qld 4170

ABSTRACT

Both exotic and native species of woody plants, as a result of their increase
in distribution and stand density, have caused land degradation and reduced
pasture and rangeland productivity. In the case of native species, problems
have arisen through the natural spread of species due to change in the
ecological balance such as over -grazing or reduced fire intensity and
incidence, or regrowth from species which have been cleared by mechanical
means.

A series of experiments conducted in western New South Wales and Queensland
have demonstrated the efficacy of a pelleted formulation of hexazinone, the
Crop King Gridball, to control a number of problem native and exotic species.
It is envisaged that this product will be valuable in an integrated management
system which will involve the use of controlled grazing, fire and mechanical
disturbance as well as the judicious use of herbicides to reduce the problem
of woody weed encroachment. This paper gives an indication of the problem,
and a summary of the results of three experiments in western New South Wales.

INTRODUCTION

(i) The Problem
The encroachment of shrubs or woody plants and the consequent reduction in
pasture productivity and carrying capacity, is the most serious long -term
problem facing western New South Wales graziers. It has been estimated that
in excess of 20 million hectares had an existing or potentially serious
problem, which is approximately 70% of the western division of New South Wales
(Alchin 1983). The most widespread of the native woody weeds in western New
South Wales belong to the Eucalyptus, Eremophila, Dodonaea and Cassia genera.
Of the shrub species, Booth (1985) listed the 5 most important as being
turpentine ( Eremophila sturtii), budda (E.mitchellii), narrowleaf hopbush
(Dodonaea attenuata), broadleaf hopbush (D.viscosa var. anqustifolia) and
punty bush (Cassia eremophila). Saplings and suckers of trees such as poplar
box (Eucalyptus populnea) and coolabah (E. microtheca) also result in
widespread reduction of productivity. As well as a direct reduction in
productivity, a number of other significant related problems have arisen from
woody weed encroachment. Increased soil erosion has resulted from the
depletion of ground cover, and from increased grazing pressure on adjacent
scrub -free areas. The management of livestock and property improvements is
made more difficult where scrub is present. Vermin such as pigs and rabbits
use the scrub as a protective refuge.

(ii) Control Methods
Current methods for control of both native and exotic woody weeds include:
biological, grazing manipulation, fire, mechanical and use of herbicides. The
most appropriate method or combination of methods will depend on the species
to be controlled and the environment in which the species are growing.
Discussion of methods other than by the use of herbicides is beyond the scope
of this paper. However, it is clear that an integrated approach to the
control of woody weeds is more likely to be successful than the concentration
on any one method.

1Ctop King is a registered trademark of Incitec Ltd
Gridball is a trademark of E.I. du Pont de Nemours & Co. Ltd

2Velpar and spotgun are registered trademarks of E.I. du Pont de Nemours & Co.
Inc. 221



The use of herbicides may be classified into the six main methods (Scanlan and
Pressland 1984), which are :-

(a) overall spraying, using high and low volume
(b) basal bark treatment
(c) cut stump treatment
(d) frill ringing
(e) stem injection
(f) soil treatment

The major disadvantage of most of these techniques is the high labour input
required, which make them uneconomic in many cases, because of the low return
per unit area in extensive rangeland situations.

This paper summarises the results of several experiments conducted in the
Western Division of New South Wales investigating the use of the Crop King
Gridball, a dry pelleted formulation of hexazinone, for control of woody weed
species.

METHODS

During the winter period of 1986, three trials were established in the Western
Division in New South Wales. Trial locations were an alkaline sand on Para
Station via Wentworth, and acid red earths at Kewell East via Ivanhoe, and
Double Gates via Cobar.

In all three trials, various rates of soil -applied herbicide treatments were
investigated on three size categories of narrow -leaf hopbush and turpentine.

Individual pellets of the Crop King Gridball were placed at approximately
equal distances apart in a circular pattern about midway between the base and
the drip line of each bush. Velpar* L treatments were applied by 2 ml
undiluted spots in similar positions to the pellet treatments by use of the
Velpar Spotgun *.

Plant response to treatment was assessed at each site at 6 monthly intervals
for a period of 2 years. A visual rating between 1 and 5 was assigned to each
bush where 1 = no effect and 5 = plant death.

RESULTS

The results for all three sites are summarised in Fig. 1 for turpentine.

The rates of application of the Crop King Gridball which provided acceptable
control of the two species within each of the three bush size categories, over
the three sites are shown in Table 1.

Table 1. Rates of application of the Crop King Gridball for control of
individual bushes of narrow -leaf hopbush and turpentine. (g.a.i. = grams
active ingredient).

Bush Height Narrow -leaf Hopbush Turpentine
m g a.i. /bush pellets /bush g a.i. /bush pellets /bush

< 1 0.375 1 0.750 2

> 1 -2 1.125 3 1.125 3

> 2 1.500 -2.250 4 -6* 2.250 -3.000 6 -8*

*On larger bushes over 2 m high the higher rates of application should be
used.

DISCUSSION

It was found that the response to all treatments in these trials was slower
than that which occurred in some other trials conducted by Alchin (1988).
This was thought to be due to the dry seasonal conditions prevailing during
the early part of the trials.
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Figure 1. Turpentine response 100 weeks after treatment
(g.a.i. - grams active ingredient)

Results from these rates of application were at least as good and sometimes
better than that achieved with similar rates of the liquid formulation of
hexazinone used in the trials. The liquid formulation Velpar L is currently
recommended under a New South Wales Agriculture Pesticide Order for control
of these species in New South Wales.

Pasture response to control of these species with the Crop King Gridball was
dependent on seasonal conditions. However, bare areas caused by the
hexazinone were being colonized by annual forbs by the last assessment, 2

years after application. Pasture response in the vicinity of the dead or
severely affected bushes was very good after significant rainfall compared
with that around untreated bushes.

A practical advantage of the pellet formulation is
equipment is required for ground application, and so
likely to be carried and applied to woody weeds on a
conducting other management tasks such as mustering.

Because of economic, regulatory and environmental
considered that the use of the Crop King Gridball will
practiced on a wide scale over large areas of rangeland.
uses of the product will be :

that no application
the pellets are more
regular basis, while

constraints, it is
not be recommended or
The most appropriate

(1) on a routine basis for treatment of low- density infestations of woody
weeds, which are usually the first stages of encroachment

(2) to treat small isolated areas of woody weeds which act as a seed source
for adjacent areas, and /or are located in strategic areas such as stock
watering points or fence lines

(3) to remove survivors after the use of other methods of woody weed
control such as management burns, or, alternatively, to reduce bush
density so that sufficient fuel can be generated to produce a
management burn.
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INTEGRATED SHRUB CONTROL STRATEGIES USING DILUTE CHEMICAL DEFOLIANTS

J. C.Noble, A.C.Grice2 & W.J.Müller3

1CSIRO Divsion of Wildlife & Ecology, P.O. Box 84, Lyneham, A.C.T. 2602.
N.S.W. Agriculture, P.O. Box 286, Cobar, N.S.W. 2835.

3CSIR0 Biometrics Unit, INRE, G.P.O. Box 1666, Canberra, A.C.T. 2601.

INTRODUCTION

Several management options are currently available for controlling shrubs in
semi -arid woodlands although their use over extensive paddock areas is heavily
constrained by cost factors (MacLeod and Johnston 1990). Research over the
past decade has clearly shown that single treatment options for shrub
management are generally unsuccessful in providing long -term solutions. While
prescribed fire has shown considerable promise for treating large areas of
shrub - infested range (Hodgkinson and Harrington 1985), several shrub species
such as budda (Eremophila mitchellii), turpentine (E. sturtii) and some punty
bush (Cassia nemophila), regenerate rapidly after fire by coppicing at ground
level. Trials using artificial fuel have shown however that such species are
vulnerable if a second defoliation can be applied one year later but only in
the autumn (Noble et aI. 1986, Hodgkinson 1989). The only way secondary
treatment can be imposed so soon after prescribed fire is by using chemical
defoliants. If these could be used at dilute concentrations to mimic fire
defoliation, then chemical defoliation may prove to be a cost -effective option
for broadscale use. This paper briefly summarises results obtained from
preliminary screening studies of several chemical defoliants applied over a
range of dosage rates to coppicing Eremophila shrubs.

METHODS AND MATERIALS

Eleven chemicals (seven arboricides and four dessicants) were applied at six
concentrations of active ingredient in November, 1990 to coppicing budda
(Eremophila mitchellii) and turpentine (E. sturtii) on "Bundoon Belah', 40 km
west of Cobar, N.S.W, where large blocks had been chained, windrowed and burnt
in 1986. Treatments were randomised in six blocks (c. 200 x 50 m) with
application rates (0, 12 %, 25 %, 50 %, 75% and 100% of active ingredient
concentration for root kill by the arboricides and 0, 50 %, 100 %, 135 %, 170%
and 200% for the dessicants) arranged as main plots split for shrub species.
The arboricides used in this study were CT Roundup (450 g/L Glyphosate),
Arsenal (250 g/L Imazapur + 60 g/L Isopropylamine), Garlon (600 g/L
Triclopyr), Grazon (300 g/L Triclopyr + 100 g/L Picloram), Brushoff (600 g/L
Metasulfuron Methyl), Velpar (250 g/L Hexazinone), Starane (300 g/L Fluroxpyr)
while the dessicants were Gramoxone (200 g/L Paraquat), Ethrel (480 g/L
Ethephon), Pix (38 g/L Mepiquat) and Harvade (600 g/L Dimethipin). None of
these materials are currently registered for the purposes described in this
paper. Duplicate plants were sprayed in each plot at low volume (2 sweeps of
30 ml each per coppice) using an Ag -murf Gas Gun(R) powered by propane gas.
Treated plants were regularly monitored and rated for both effect (i.e. change
in leaf colour) and defoliation (0 =no effect and 10 =100% effect).

RESULTS AND DISCUSSION

While it is too early to make definite statements on particular chemicals and
rates of application, early results from this initial screening are extremely
promising. Although half the chemicals tested in this experiment can probably
be eliminated from further trials, some induced rapid defoliation, especially
at higher rates (e.g. CT- Roundup), whereas others produced progressively
greater defoliation over time (e.g. Arsenal), even at lower rates. Further
studies are required to refine dosages, especially on young coppice regrowth
(i.e. one season's growth). Such treatment is seen, a priori, to be more
efficient because there is less canopy surface to be treated and chemicals may
be more physiologically active when applied to young leaves. Recent
observations on one - year -old Eremophila coppice sprayed in April 1992 have
shown that some chemicals are active at the lowest concentration (12 %). If
such dilute concentrations are indeed effective, then large -scale testing of
such treatments would logically follow. Large paddock size (up to 8,000 ha)
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may dictate the need for appropriate operational procedures involving both
aerial ignition for primary fire treatment (Noble 1986) and aerial spraying
for secondary treatment (Mathews 1979).

With the advent of ultra low volume spraying (1 -5 L /ha) using spinning cage
atomisers and specific ULV formulations, small droplet size can result in
significant spray dispersal during broad swathe spraying. Such treatment, even
if only at low volumes (5 -15 L /ha), is likely to be the most efficient
technology, with more country being sprayed per load in regions where adequate
supplies of good quality water may be limiting.
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MESQUITE - A MAJOR THREAT TO QUEENSLAND'S RANGELANDS

Paul Jones

Queensland Department of Primary Industries, CHARLEVILLE Qid 4470

ABSTRACT

Mesquite is a major threat to Queensland's rangelands. In small areas of
south west and north west Queensland mesquite has already demonstrated the
devastation it can cause. If not controlled, mesquite has the potential to
cause an immense cost to the grazing industry.

INTRODUCTION

Mesquite has devastated part of Queensland's rangelands, as it has done in
most other rangelands of the world (Harding, 1987). It will continue to do
so if not controlled. Mesquite is adapted to most areas of Queensland. The
seed is spread by several mechanisms and is estimated to have a longevity of
at least 20 years. Unless continued control efforts are made, mesquite could
well devastate more of Queensland's rangelands.

Mesquite species found in Queensland

Several species of mesquite have been found in Queensland. The major
infestations include Prosopis flexuosa at Quilpie, Prosopis limensis, Benth
and a hybrid, Prosopis juliflora (SW) DC. X Prosopis velutina Wooton in the
Mckinlay area.

Mesquite as a Weed

Mesquite affects both rangeland production and the ecosystem (Harding, 1987).
Mesquite has minimal fodder value in Queensland. Mesquite forms impenetrable
thickets which render grazing land useless and increase management costs.
Mesquite's resprouting ability and extensive rooting system make control
difficult, and costly. If unchecked, mesquite could render vast tracts of
Queensland's rangelands useless.

Environmental Adaptations

In Queensland and in the USA (Anon 1973) mesquite grows on a range of soil
types, rainfall conditions and at varying altitudes. There are no
environmental barriers to the spread of mesquite over Queensland's rangelands.
Mesquite plants reproduce by seed, and vegetatively by growing points located
on the basal crown. Large numbers of hard, long lived seeds are produced.

Most Queensland mesquite seed is spread via the digestive tracts of animals
and embedding in manure. This allows ideal conditions for germination and
establishment.

The main cause for mesquite spread in US rangelands since European settlement
has been attributed to the spread of seed by domestic animals and lack of
fires (Brown and Archer, 1989). This history of invasion could well repeat
itself in Queensland's rangelands where fire is restricted and domestic,
native and feral animals spread seed. This is particularly true of the mulga
lands where perennial grass cover is low due to degradation and drought (Miles
1988).

Spread of Mesquite in Western Queensland

Reportedly, mesquite was introduced as two plants to Quilpie in south west
Queensland in the 1930's. Mesquite now covers 300 000 ha in a strip north and
south of Quilpie. In the Winton to Mckinlay area of north west Queensland,
mesquite has become a similar problem. Mesquite seed is spread by floodwaters
and native and domestic stock, including travelling stock.
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Mesquite Control

At present, control options are limited to basal bark chemical application and
individual tree grubbing for sparse infestations, and bladeploughing for dense
infestations. With low commodity prices, and low land values, mesquite
control is not economic in terms of increased production. Government control
programs and subsidies for mesquite control are in place to assist graziers
and must be maintained. Awareness among graziers, local authorities,
government departments and others must also be maintained to ensure the
control of this weed.

DISCUSSION

Mesquite affects pasture production, species composition and management, is
a haven for feral animals and eventually renders grazing land useless. This
has been witnessed in other rangelands of the world, and several areas of
western Queensland. Government subsidised control programs and awareness
campaigns must be continued. The sooner the seed source is eradicated, the
less the future problem will be. The cheapest control is achieved by doing
more, and doing it sooner. Mesquite has, and most probably always will have,
the potential to devastate Queensland's rangelands.
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WOODY WEED CLEARING USING A LOW ENERGY GRUBBER

R.M. Barclay

NSW Agriculture, Cobar.

ABSTRACT

The use of low energy grubbing implements to remove woody weeds is a low cost
alternative to the use of chemicals or larger equipment in stands described
as open or semi -open. They have a particular application where desirable shade
trees are also in the paddock and would be affected by other clearing
techniques.

A hydraulically assisted grubbing implement with "V" shaped cutting blade is
undergoing preliminary trials at Cobar, in the west of N.S.W. The 'BRUSH BOSS'
was imported from the Texas company Harkness Hayporter.

INTRODUCTION

Control of woody weeds is made difficult due to the high cost of control
methods relative to land value. Low cost alternatives are few and regrowth
often causes a good job to be wasted if not attended. Control by fire is often
impractical due to the lack of fuel to burn.

Grubbing is considered effective against all species of woody weed. As opposed
to blade -ploughing, grubbing removes the rootstock in friable soils and
decreases the chance of suckering. Land is immediately made available to
pasture and may promote recruitment due to soil disturbance and protection
from the uprooted shrub. The grubbing technique is often used as part of an
integrated approach to woody weed control depending on the density of
infestation.

The Brush Boss has been trialled in the U.S.A. to control Mesquite and other
shrubs with 90 -95% kill. Sprouts and seedlings at densities up to 240 /hectare
were controlled for $15 to $24 per hectare (McFarland & Ueckert 1982).

GRUBBING TURPENTINE REGROWTH

The Brush Boss grubber was mounted on a 3 -point linkage 60 hp Massey- Ferguson,
rubber tyred tractor. The implement was trialled on turpentine regrowth
previously chained in 1988 and progressively pushed up and burnt. Having
regrown from rootstock, plants were 10 -100cm in height with stem diameter of
0.3- 1.5cm. Crown diameter ranged from 5.0 -25cm. Costs were calculated for
densities of 128 to 744 plants per hectare.

The tractor is reversed on to the shrub and the grubber is lowered 30cm in
front of it. The brakes are applied and the hydraulic arm is contracted
causing the blade to sweep through an arc removing the shrub and roots.

The tractor was operated at very low revs and fuel consumption was low at 2.02
litres /hour. Grubbing was made easier due to the coarse structure of the soil
and some moisture. The operator became suitably proficient at using the
implement after a period of approximately one hour.

The cost of clearing was approximated at 11 cents per shrub (including fuel
and labour) for the lower density. The higher density proved to be unsuitable
for grubbing because numerous plants had resprouted in close proximity from
a single original rootstock. These shrubs were tedious to grub out
individually as some were very small.

CONCLUSION

Assessment of the rear -mounted grubber indicates its usefulness as a low cost
implement for clearing in a low density situation. Having to reverse onto
bushes has been recognised as a problem and the Harkness Hayporter company has
developed a reverse steering kit to overcome this problem. Front -mounted
grubbers would also avoid backwards movement. Trials done in the U.S.A.

229



indicate that a front- mounted grubber with a wider blade can clear 200
mesquite trees /ha at 1.08 ha /hr (Wiedemann and Cross 1982) whereas the rear
mounted grubber clears only 185 plants /ha for a similar period (McFarland and
Ueckert 1982). The rear mounted grubber has been adapted and used locally in
the Wilcannia district. The cost of control has been reviewed and is
comparable to that of the Brush Boss with the advantage of forward movement
(O'Leary and March 1992).

To maximise its effectiveness grubbing should be done when the soil is loosest
(for instance after 5mm rain for sandy clay loaras) so that roots are pulled
up without severing. The technique is desirable because the risk of soil
erosion is low and the results are immediate.

HARKNESS HAYPORTER. COMPANY
Kaufman, Taxas 75142

ISOMETRIC

BRUSH BOSS.
Patent Pending

SCHEMATIC DIAGRAMS OF OPERATION

DETAIL (Using tractor 3 -point hitch)

Fig. l

INSTA LLATION:

Fig. 3

I. Install lift pins (I or II) in drawbar.
Z. Mount plow in lift arms -blade flat.
3. Pin Cylinder butt to tractor
a. Hook up hydraulic hose
.. Extend rod eye 5 inches (half stroke)
ú. Pin eye to plow post, use centering

bushings. select best fit position with
blade still flat, or tilted slightly up.

7. On tractors requiring lung top links,
follow above. using adapter plates
(furnished) bolted inside of post mem-
bers. Select best combination of holes
in post and plates to give best fit.
(Slight tilt ouward of blade preferred)

Drawings by Mickey F. Lagow

REFERENCES

1.
2.

4.

5.
6.

Extend cylinder, tilting blade down.
Drop lift arms all way down with blade about 10 inches from niant.
(Scotching Foot will contact ground first).
Back into plant - when blade encounters root below ground -
Set brakes firmly. or continue rearward torque. - retract cylinder.
swinging blade through arc and grubbing plant.
Continue backing - blade rides uo. dragging longest roots out.
Raise lift arms, tilt blade down - drive forward to clean.

(Experience in your type of brush and soil will determine best grub-
bing depth - go no deeper than necessary - control depth by starting
distance from plant and not with lift arms. The Scotching Font
works automatically and absorbs the brunt of the hydraulic grubbing
counter -force. When driving forward be sure plow is LIFTED AND
BLADE POINTED DOWN to give ground clearance.

I1/a/80
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USING GOATS TO REDUCE HOPBUSH (DODONEA viscosa var. attenuata) DENSITY.

C.M. Torpy, S.J. Muir and R.A. Stanton

NSW Agriculture, Cobar

ABSTRACT

Up to 90 % mortality in hopbush, ( Dodonea viscosa) was achieved by stocking
1 goat /ha for three years. The mortality rate was lower in shrubs that had
been only partially defoliated (35 %) or completely defoliated for only short
periods (65 %).

INTRODUCTION

Woody weeds affect over 20 million hectares of the semi -arid rangelands of
western New South Wales (SCS 1989). Dependent on their density, woody weeds
suppress pasture production, decrease animal production and reduce land
values. Low land values dictate that woody weed control must be low cost and
beneficial in the long term. Chemical and mechanical control of woody weeds
is expensive and can often require a follow -up treatment. Controlled burns
are accepted to be the most cost -effective technique to manage woody weeds
(Burgess 1988), however, insufficient fuel often makes this control option
impossible.

Goats have been shown to control some woody weeds (Davies & Mitchell 1984,
Green 1983, Harland 1988) in including Dodonea viscosa (Muir 1991). When
pasture biomass is low, goats can be a useful management tool as browsing
pressure on woody weeds will be greatest (Muir 1991). The influence of
different goat grazing treatments on both hopbush density and pasture biomass
is examined in this paper.

METHODS

The 800ha experimental site was located on the sandy red earths 130km NW of
Cobar, NSW. Woody weed infestation was moderate to severe, the dominant
species being hopbush. Except for 1988, the annual rainfall was well below the
long term average (350 mm), 1991 receiving less than one third of this amount.

Sixteen 50 ha paddocks were constructed allowing replication of five stocking
treatments using either goats or sheep. The results of only the goat stocking
treatments (Table 1.), are discussed here.

Shrub density and biomass measurements were taken every six months using six
fixed transects of varying length, each containing 25 shrubs. Pasture biomass
was estimated every three months using a double rank sampling technique
(Haydock and Shaw 1975).

Table 1. Summary of stocking treatments.

STRATEGY GRAZING REGIME

High goats
(short duration)

Medium goats
(long duration)

Low goats
(long duration)

0.4 goat /ha June 88 - Dec 89
4 goat /ha Jan 90 - Nov 90
1 goat /ha April 91 - June 91

1 goat /ha June 88 - Mar 91

0.7 goat /ha June 88 - June 91
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RESULTS AND DISCUSSION

Goats can be used to reduce hopbush density. They significantly reduce hopbush
density when stocked for three years at 1 goat /ha (Fig.lb.). Under the heavy
goat stocking (short duration) treatment some of the heavily defoliated shrubs
resprouted when goats were removed, suggesting that the duration of grazing
was not sufficient to achieve shrub mortality.

Visibility across paddocks in both the heavy and medium goat treatments was
greatly improved. As goats open shrub canopy, an opportunity exists to
encourage pasture growth and incorporate other control options such as fire
in a woody weed management programme.

Pasture levels were dramatically reduced on all goat stocking treatments (Fig.
la, 2a, 3a), the rate of decrease being greatest in the heavy goat stocking
treatment. Associated with the rapid decrease in pasture biomass under this
treatment, was a decline in soil surface structure (Greene pers. comm),
suggesting this treatment may have detrimental effects on soil infiltration
characteristics. The low pasture biomass levels would have been exaggerated
by the extremely low rainfall experienced from 1989 to 1992. Under such
climatic conditions, a spelling period would be required to enable pasture
biomass to increase to levels that allowed restocking or a follow -up
management burn.

The potential of goats for woody weed control will depend on the longer term
response of both the hopbush and that of the pasture. Future studies will
identify the effects of time and frequency of defoliation of hopbush allowing
a more effective timing of goat stocking.
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SEED PRODUCTION AND GERMINATION IN GIANT PARRAMATTA GRASS
(Sporobolus indicus var major)

T.S. Andrews, C.E. Jones and R.D.B. Whalley

Botany Dept, University of New England, Armidale, NSW, 2351

ABSTRACT

Giant Parramatta Grass (GPM) is a serious grass weed of coastal Eastern
Australia. Its ability to invade pastures is due, at least in part, to its
ability to produce large quantities of seed throughout summer and autumn. Most
seed shed in the current year is dormant and unlikely to emerge, even under
ideal conditions, but is added to a large soil seedbank. Seeds from this
seedbank are much more likely to emerge in bare areas compared with vegetated
areas in the following year.

INTRODUCTION

Giant Parramatta Grass (Sporobolus indicus var major) is an insidious
perennial grass weed currently infesting 250,000 ha of native and improved
pastures along the east coast of Australia.

The aims of this study were to:

1) quantify and identify seasonal seed production and subsequent seed rain
on the soil

2) to identify when seedlings of GPG emerge. Since GPG has a seed bank
which persists for at least 1 year there are two parts to this study:
a) emergence of seeds existing as part of the seedbank
b) emergence of seeds produced in the current year

METHODS

Seasonal seed production was estimated by marking six quadrats in high density
infestations of G.P.G. At monthly intervals, seed production /m squared was
estimated by:

Counting and marking seedheads produced /m squared x
Mean length of seedheads (cm, estimated from a sample of 20) x
Mean number of seeds /cm (estimated from 5 seedheads).

Seed rain was estimated using 4 seed traps pegged to the soil in each of the
seed production sites.

To monitor the emergence of seedlings from the persistent seed bank, grazing
exclosures were set up on infested areas.

To monitor the fate of seeds produced in the current year, an artificial
seedbank was produced. Grazing enclosures were set up on areas free of GPG.
Seed of GPG was collected at three times and there was also three sowing
times. Seed collected at each time was sown then and at each subsequent
sowing time.

For each each experiment, there were two levels of competition (vegetation
clipped monthly and bare) and emerged seedlings were counted and removed
monthly.

RESULTS AND DISCUSSION

Seed production and seed fall occurred throughout summer and autumn although
most production occurred during January, February and March (Fig. 1.).

Minimising seed production in GPG is likely to be difficult because of its
large monthly potential seed production and ability to produce seed over a
long period of time although any efforts to do so would be most effective
during January, February and March.
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Figure 1. Seed production of GPG during the summer of 1991/92.

Seedling emergence from G.P.G. seeds existing in the seed bank was recorded
throughout the summer and autumn although most was recorded during April and
May (Fig. 2.). The high autumn emergence may have been related to high
rainfall at that time or a temperature /daylength effect.

DEC J A N FEB MAR APR MAY

Figure 2. Seasonal Emergence of G.P.G. Seedlings During 1991/92

Very low emergence occurred for seeds sown immediately after they were
collected even in bare soil (Table 1). Seeds stored for some time showed a
gradual breakdown in dormancy, as initial emergence rose in the bare areas.
Negligible emergence occurred in vegetated areas at any time.

COLLECTION
DATE

SOWING INITIAL EMERGENCE ( %)
DATE BARE VEGETATED

NOVEMBER

APRIL

FEBRUARY

NOVEMBER 3.5 1.0
APRIL 14.5 0.5
FEBRUARY 32.0 1.5
APRIL 7.5 0.5
FEBRUARY 19.0 1.0
FEBRUARY 2.5 0.0

Table 1: Emergence of G.P.G. at Three Collection and Sowing Dates

Seedling emergence was much greater from bare areas in both experiments. Bare
areas must therefore be avoided where possible by improving pasture where
possible, using pastures resistant to the effects of chemicals and identifying
and using correct rates of chemicals.
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HERBACEOUS WEED INVASION IN THE NORTH -EASTERN PASTORAL DISTRICTS
OF SOUTH AUSTRALIA

F. Ti ver,

Botany Department, University of Adelaide

ABSTRACT

Percentage cover of herbaceous plant species, soil and environmental data were
collected at 205 sites in the Olary Ranges in the North -East pastoral district
of South Australia. Of 337 species recorded, 65 were exotic species (weeds),
mostly of Mediterranean origin, and only 15 sites were free of weeds.
Correlation and multi -variate linear modelling (GLIM) showed that increased
levels of soil nutrients and available water permit greater weed invasion of
grazed native pastures. Elevation is indirectly related to weed invasion due
to auto -correlation with rainfall and the history of heavy grazing in the
ranges.

INTRODUCTION

Widespread heavy rain made 1989 a remarkable year in the chenopod shrublands
of eastern South Australia, and provided a unique opportunity to study the
distribution of herbaceous plants on a broad scale. The aim of this study was
to survey herbaceous plant distribution over a much larger area than had
previously been attempted in South Australia, to assess the degree of invasion
by introduced species (weeds), to see if this weediness is random or
patterned, and to ascertain what factors are important in determining any such
pattern.

METHODS

The study was carried out in a,60 000 km2 area of the chenopod shrublands in
the North East pastoral district of South Australia. The most significant
feature of the landscape is the Olary Spur, an eastern extension of the
Flinders Range. The land is used almost exclusively for pastoralism, so that
all the vegetation is subjected to grazing. A series of eight transects were
selected, 20km apart, and running north -south across the ranges. Sites were
located every 10 km along each transect. All herbaceous species were listed
and their total percentage cover estimated. The proportion of total
herbaceous cover contributed by non -native species was calculated as a
percentage. The fieldwork was carried out during one growing season, over the
winter and spring of 1989.

A soil core was dug in the centre of each quadrat, and a sample taken at a
standard depth of 20cm. These samples were analysed for a range of physical
and chemical characteristics under supervision at the Analytical Services
Section, Division of Soils, CSIRO, Adelaide. Monthly rainfall data going back
to 1955 were obtained for 44 runs in the study area. These figures were used
to construct rainfall contour maps from which the rainfall, at each site could
be estimated. Elevation to the nearest 50m above sea level was obtained from
the 1 :250 000 map series available for the area. From site descriptions taken
in the field, topography type was classed as follows: creeks and watercourses
(1); plains (2); rises and flanks (3); low hills and sand dunes (4); hills and
ridges (5). Pearson Correlation Coefficients were calculated relating each
environmental variable to the degree of weediness using the NTP computer
program (Belbin et al., 1984). Linear regression was carried out using GLIM
(Baker & Nelder, 1978) to determine which combination of measured
environmental factors best predicted weediness.

RESULTS

Of 337 herbaceous species recorded, 65 were introduced exotics, usually of
Mediterranean origin. The highest values for weed-invasion corresponded to'
the areas of high elevation along the Olary Spur, although there were some
local areas of high weed invasion away from the ranges. Eleven variables were-
correlated with weediness: calcium, potassium, % silt, phosphorus, annual,
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rainfall, range of summer rainfall, elevation, cation exchange capacity,
organic carbon, % sand and summer rainfall. Of these variables, only
elevation and cation exchange capacity appeared in the final GLIM; the
remainder were auto -correlated to either of these. In addition, three
variables which were not individually correlated with weediness (pH, sodium
and topography), were included as significant components of the multiple
regression. It is therefore inferred that these variables must complement the
key variables in the GLIM and refine the regression.

DISCUSSION

This study has shown patterning in the degree of weed invasion in a rangeland
at both broad and fine scales. At the broad scale, weeds are more prone to
invade areas of higher rainfall and better nutrient status such as the high
elevation areas of the ranges, conditions which more closely approximate those
of the Mediterranean region. The more intense grazing history of the Olary
Spur may also be a major factor At the finer scale, weeds also tend to invade
areas prone to flooding because of disturbance and higher moisture status.
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INVASION OF WARD'S WEED IN THE IVANHOE DISTRICT

R. Richards,

Department of Conservation and Land Management, Hay.

Ward's weed Carrichtera annua was first recorded in Australia near Port
Pirie in 1915 (Lamp and Collect, 1989). It's spread since then has been
spasmodic, being prevalent in years of good winter /spring rainfall.
C.annua is an inhabitant of the Sahara Arabian area and has some extremely
efficient survival mechanisms making it such a good competitor in semi -arid
rangelands. It has been described as the "crucifier of semi -arid regions"
(Burmil, 1972).

C. annua has been recorded on virtually every soil type in the Ivanhoe area
from heavy grey clays through calcareous earths to light red sandy soils.
It is most common on lighter soils associated with Mallee, Rosewood /Belah
and Bluebush communities. Being an annual herb it provides little ground
cover during the dry months when cover is most needed. Insufficient ground
cover particularly on light soils leaves them vulnerable to wind and water
erosion. The tissue that does remain takes years to decay, unlike native
species (McKenzie et al. 1991). This may in effect lock up valuable soil
nutrients for many years which in turn may limit growth of other more
desirable species.

C. annua is reported to be unpalatable to the extent that the healthiest
patches of C. annua have been noted even around rabbit warrens and drinking
troughs (McKenzie et al. 1991). It is only when biomass levels are
extremely low that C. annua is eaten by stock. The toxicology of C. annua
is unknown but evidence suggests it may have been responsible for sheep
deaths in the Ivanhoe area. The weed has a pungent odour and is known to
taint milk when eaten by cows and also may taint meat (Lamp and Collect
1989).

From observations made on the Nullarbor the invasion of C. annua was caused
by a combination of grazing (particularly by rabbits), and the shortage of
available nutrients (McKenzie et al 1991). Disturbed or degraded pasture
are vulnerable to invasion from the weed. Observations in the Ivanhoe
district suggest that the spread of C. annua is due to several factors.
Firstly seeds are spread through sheep dung as sheep consume fruits by
default when grazing more desirable species. Vehicle movements
particularly graders along roads, and wind breaking off whole dry plants
during summer and dragging them over considerable distances may also spread
seeds. Heavy runoff after rain may also disperse seeds short distances.

Like the invasion of most weeds, the problem is one of competition. C.

annua has several traits that maximise its chance of survival in a harsh
environment. Ward's weed is a prolific seeder producing thousands of seeds
per plant. Seeds are dispersed from the capsules when the fruit is mature
with the aid of raindrop impact. The force of a raindrop on impact with the
'beak' of the pod splits the pod open and disperses the seed. The seeds
exhibit a mucilage layer which enables the seed to retain moisture and acts
to stick the seed to the soil (atelechory). Water thus plays an integral
part of seed dispersal and protection in the life cycle of the plant. Like
many desert winter annuals C. annua flowers and fruits very rapidly taking
advantage of the available moisture as quickly as possible.

C. annua exhibits heteroblasty, that is only a portion of seeds germinate
even when the conditions are optimal. The germinability of C. annua seed
depends on the day length at the time of seed maturation (Gutterman 1981).
This is an important survival mechanism because a viable seedbank will
always be maintained. If drying off after the first germination occurs a
percentage of the seed will remain viable. This may help to explain why the
distribution of C. annua is somewhat sporadic because a particular cohort
may have a high germinability followed by one with a low germinability.
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Control of C. annua is difficult. While herbicides with a 24 -D base such
as Amine or Amicide are practical for control in cropping areas they are
not suitable in grazing areas.

As yet the effects of fire on this weed have not been explored but casual
observations suggest that burning during summer will reduce the seed pool
and produce a substandard looking crop the next growing season. At present
many graziers control weed growth through grazing pressure. While this may
be effective in the short term it must be remembered that the problem is
one of competition. A grazing pressure heavy enough to remove C. annua
would have removed all desirable species first that are needed to provide
competition. Manipulation through grazing management and fire are two
possibilities that need to be researched.

There are no known natural predators of the weed. Maintenance of a healthy
perennial pasture is probably the key to the control of this weed.
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BROADSCALE DISTRIBUTION PATTERNS OF THE PEARL BLUEBUSH (MAIREANA SEDIFOLIA)
IN NORTHERN SOUTH AUSTRALIA

Noelene J. Wotton

Botany Department, The University of Adelaide

ABSTRACT

A survey encompassing 124 sites investigated the distribution of the perennial
chenopod, Maireana sedifolia (pearl bluebush). Calcium carbonate and summer
rainfall were delineated as primary environmental factors influencing the
distribution using logistic regression (GLM). These results were compared to
similar analyses for saltbush, blackbush and low bluebush. Correlation
analyses revealed significant correlations between bluebush size and abundance
and environmental factors including calcium carbonate, rainfall, elevation and
soil texture.

INTRODUCTION

Chenopod species are sorted into communities primarily by edaphic factors and
secondarily by climate. Soil factors determining plant -water regimes (e.g.
wetting depth, salinity and texture) affect species distribution more so than
chemical factors (Eldridge 1988). Anecdotal evidence implies soil texture and
limestone may define the potential niche of bluebush (Carrodus and Specht
1965). This study investigates bluebush distribution to identify the abiotic
variables that influence its occurrence, size and abundance.

METHODS

Sampling took place at 124 sites in semi -arid south -eastern Australia
including north -western SA, Flinders Ranges, north- eastern Eyre Peninsula and
north -eastern SA- Western NSW. Sites were located 30km apart along 3800km of
road transect. At each site, the percentage cover of all perennial species was
recorded within a 50 x 20m sampling quadrat. When present, bluebush density
and size were measured within six 5 x 10m sub- quadrats. Climatic and
environmental variables, including topography, slope, elevation and rainfall
were collated. A soil profile was described and a soil sample collected for
chemical analysis. The distribution of bluebush and three comparison species
was modelled by logistic regression (GLM) using presence /absence data.
Relationships between bluebush size and abundance and environmental variables
were examined using rank correlation.

RESULTS

Depth to sheet and nodular limestone was found to be the primary influence on
bluebush distribution with the probability of occurrence decreasing with
increasing depth to limestone. Bluebush occurred at more than 50% of sites
in which limestone was present within 70cm of the soil surface. It may also
be present on limestone -free soils, although at lower frequencies than the
other chenopods. Bluebush also possessed a bell- shaped response to summer
rainfall and, along with saltbush, predominates in areas receiving 90 -120mm
of summer rain. In comparison, M. astrotricha is restricted to lower rainfall
regions and blackbush to higher summer rainfall areas. The nodular limestone
x summer rainfall interaction indicates bluebush occurs on shallow nodular
limestone with less summer rainfall. Logistic regression models are
summarised below.

Depth to limestone was the only measured factor influencing bluebush size,
with smaller plants occurring in areas with shallow limestone. In contrast,
several factors were correlated with bluebush abundance. Depth to sheet
limestone was positively correlated, suggesting a decreased abundance on
shallow soils. Bluebush abundance also decreased in areas of high elevation
and topography. Winter rainfall and soil texture were positively correlated;
bluebush was more abundant in higher winter rainfall areas and on loam -clay
rather than sandy soils.
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Table I. Variables included in the logistic regression models. Significance;*
,0.01 <p<0.05; * *, 0.001<p<0.01; * * *, p <0.001

VARIABLE

Lime Nodules

Sheet Lime
Carbonates
Winter Rainfall
Summer Rainfall
Soil Texture
Topography
Elevation
Nods x S.Rain

llaireana Atriplex Plaireana Maireana
sedifolia vesicaria pyramidata astrotricha

* **

*** --
* *

* * **

* * *( *) *

*

*

*

DISCUSSION

Soil water availability appears as a major control of bluebush distribution,
size and abundance as shown by correlations with direct (rainfall) and
indirect (elevation, topography, soil texture) factors. Strong correlation
with limestone soils may indicate water relation effects with the deep- rooted
bluebush competitively advantaged over more shallow- rooted species by the
ability to penetrate limestone and obtain water stored deep in the profile.
This preference may also indicate that bluebush is able to tolerate the
adverse nutritional conditions often present in limestone soils (Jeffrey
1987); size and abundance reductions on shallow limestone soil would support
this hypothesis. Comparison with other major chenopod species suggests
distributional differences arise from physiological and morphological
adaptations relating to water acquisition and requirement and tolerance to
adverse nutritional conditions.
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A MODEL OF RECRUITMENT IN THE WESTERN MYALL (ACACIA PAPYROCARPA BENTH.):
THE IMPORTANCE OF CO- OCCURRING EPISODIC EVENTS

C. Irelandl and M.N. Andrew2

1Department of Botany, University of Adelaide
2Department of Environmental Science and Rangeland Management,

University of Adelaide

ABSTRACT

We propose an hypothesis model to account for the infrequency of
recruitment (about once in 20 years) of western myall (Acacia papyrocarpa
Benth.), an arid zone tree. In most years, ants effectively remove and
destroy all western myall seeds. We propose that the successful
establishment of myall seedlings requires the co- occurrence of the
following: very heavy rainfall (for germination and establishment),
scarification of hard seeds (by movement of sheet flow across the land
surface) and shallow burial of seeds in soil and debris (to protect them
from the harvester ants).

INTRODUCTION

The western myall (Acacia papyrocarpa Benth.) is the dominant tree species
at Middleback station on the northern Eyre Peninsula, typical of the
chenopod system of South Australia. It provides a productive basis for
successful pastoral enterprise (Lange and Purdie, 1976). The species is a
non -resprouter and thus reliant on regeneration from seed alone, but the
combined effects of grazing by introduced and native herbivores usually
suppresses the growth of seedlings (Lange and Graham, 1983; Lange and
Purdie, 1976). However, new seedlings appear only rarely, about once in 20
years. What are the conditions necessary for seedling establishment?

METHODS AND RESULTS

A study of recruitment in the western myall (Acacia papyrocarpa Benth.) was
undertaken during one seasonal cycle. During the period September 1991 to
April 1992 a number of experiments were used to examine seed dispersal and
predation, and dormancy and germination characteristics of the species.

Ants are the major removers of western myall seeds. Nearly all seeds in
removal experiments were lost to ants or ant -like organisms (99 %), rather
than to vertebrates. Pheidole species ants remove most seeds within a few
hours and are destructive seed predators, not benign seed dispersers; most
seed is taken too far underground for recruitment to occur (Ireland, 1992).

A high percentage (70 %) of artificially buried seeds exhibited innate
dormancy, remaining viable for at least eight months. No western myalls
recruited during the year from these seeds despite above average rainfall
(Ireland, 1992).

DISCUSSION

We have integrated the foregoing into a model of western myall recruitment.
This model has two conditions, one for normal years (such as the year of
our study) and one for the abnormal years where the various episodic events
coincide to produce substantial recruitment of the species. In normal
years there is no recruitment to western myall populations because of
sparse production of fruit, actions of pre -dispersal predators, almost
total destruction of the seed by harvester ants and less than ideal
climatic conditions. Given the long -term population dynamics of the
western myall, this does not matter. In abnormal years large and intense
rainfall events, occur as late summer thunderstorms. The successful
establishment of western myall requires these rains to stimulate
germination; sufficient follow -up rains to promote onward growth; and low
herbivore (especially rabbit) density (Noble, 1986). We have refined
Noble's model by adding the following features:
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- late summer thunderstorms which coincide with seed fall,
- overland sheet flow of water caused by the rainfall, which scarifies

the seeds, tumbling them along with gravel and debris, and buries them
in safe sites (containing enough moisture and nutrients for germination
and establishment, and protected by burial from seed harvester ants),

- maintenance of moisture levels by milder than usual summer temperatures
and /or follow -up rain, and
growth of ephemeral species which protects seedlings from herbivores.

Thus the occasional years that are important for recruitment are those in
which there is a co- occurrence of rare episodic events, as described in our
model. Experiments will be undertaken shortly to test our hypotheses about
scarification due to sheet flow, and protection from ant predation by
burial.

However, the fact remains that under the present grazing regime (rabbits
and sheep) the onward growth of virtually all seedlings is suppressed.
Managing these hazards remains a challenge.
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THE IMPORTANCE OF EREMOPHILA SPECIES (POVERTY BUSH)
FOR RANGELAND AND MINESITE REHABILITATION.

G.S. Richmond

School of Environmental Biology, Curtin University of Technology,
Bentley, GPO Box U1987, Perth, W.A.

ABSTRACT

Little is known of Eremophila seed production, viability or germination
characteristics. The number of fully developed seed within the fruit varies
(i.e. between 12.5 -64.1 %), and there are varying levels of aborted and dead
seed. Fruits may be devoid of seed due to parthenocarpy. Another cause of loss
of good viable seed within fruit is insect attack. Seed viability, though high
for the first few years after seed set, appears to decline markedly after 3
years. The paper reports seed germination experiments conducted under
controlled conditions using a day /night cycle of 25 °/11 °C for 11/13 hrs.
Eremophila maculata seeds, when excised from the fruit, germinated rapidly
with the first radicals emerging after 5 days. Peak germination occurred after
12 days, with a germination rate of 98%. However, with the seed within the
fruit, the germination rate was much lower, at 18 %. The main factor inhibiting
germination of Eremophila is the woody endocarp which surrounds the seeds.
Once the fruit apex is worn down the seed may germinate when water and oxygen
are available. A secondary dormancy mechanism, in the form of inhibitory
chemicals within the fruit wall, restricting the germination of Eremophila
seeds is implicated.

INTRODUCTION

The project aims to investigate factors affecting the seed germination and
ecology of Eremophila species (Family Myoporaceae) in Western Australia (W.A).
Dr R.J. Chinnock (pers.comm.). :who is revising Eremophila recognises 208
species with 175 occurring in W.A.. Of these 75 are new species, still to be
described. The genus is widespread throughout Australia,, especially prominent
in the semi -arid and arid regions. Many species are salt and drought tolerant
(e.g. E. miniata and E. scoparia) and have potential for use in range and
minesite revegetation programs. Interest has also been shown in the ecology
of some Eremophila species e.g. E. mitchellii and E. sturtii in the Cobar
region in NSW, and E. gilesii in parts of Queensland, where -these shrubs
dominate the rangeland as invasive woody weeds

Current practice for establishing Eremophila species largely relies on nursery
growers using cuttings (Fox et al. 1987). Previous research on Eremophila seed
germination has indicated that members of this genus are difficult to
propagate from seed. Research has also suggested the presence of inhibitory
chemicals within the fruit /seed, though there is no experimental evidence to
support this presumption (Boden 1972; Chinnock 1982; Warnes 1983). One of the
first attempts to germinate Eremophila species focussed on mimicking fruit
coat scarification with sulphuric acid (Beard 1968). No difference in
germination occurred between scarified and controlled fruit treatments. Beard
concluded that there is no fruit coat dormancy in Eremophila, although failure
to germinate in some species may be due to seed non -viability.

The first detailed study of germination focussed on the weedy species E.
gilesii in Queensland (Burrows 1974). Germination from fruits peaked at 45%
after 7 days at an optimum temperature of 250C. Burrows observed for E.
gilesii that the effect of fruit weathering indicates germination improves
exponentially 3 years after fruit maturation. Furthermore, he noted that the
low initial germination can be attributed to an impervious, woody endocarp and
that there is no evidence of toxic inhibitors preventing seed germination.
However this germination rate recorded may represent only about 10% of
potential germination, since E. gilesii fruits may contain up to 12 seeds per
fruit (Chinnock 1982). Harrington (1977) found germination of Eremophilas to
be low for E. sturtii, E. longifolia and E. bowmanii.
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Interest in plant regeneration, on both pastoral properties and minesites,
with Eremophila species has been shown by the WA Department of Agriculture and
many mining companies in the Goldfields of WA. The Goldfields of WA offer a
wide variety of Eremophila shrubs and small trees, numbering some 40 species.
Of special interest for minesite revegetation programs are E. miniata (small
tree) and E. scoparia (a broom -like shrub) which occur on saline "lake"
country. Recent taxonomic classification of the genus Eremophila has resulted
in Eremophila plant species being grouped into Sections based on similarity
in plant characteristics (e.g. flower or leaf shape). The section "Crustaceae"
MS comprises Eremophila species with thin fruit walls (Chinnock, unpub). This
section is made up of species such as E. paisleyi and E. interstans which are
prominent common understorey species in the southern Goldfields. E. sturtii
and E. mitchellii, both prolific weed species in Queensland also belong to
this group.

MATERIALS AND METHODS

Eremophila fruits were either collected from field sites at Mt. Weld station,
Laverton (28 °38'S,122 °24'E) and Mt.Keith station, Wiluna (27 °17'S,120 °31'E),
donated (see acknowledgments) or purchased from Nindathana Seed Service
(Woogenilup, W.A.). Seeds were excised manually from the fruits for seed
viability, seed production and germinability testing. Number of aborted, dead
or damaged seeds were counted for several samples. Seed germination
experiments were conducted in growth cabinets set at a day /night cycle of
25 °/11 °C for 11/13 hrs respectively (simulating a late winter -early spring
germination period). Potential seed viability was tested using the standard
tetrazolium staining technique (Moore 1973). Seed and testa were examined with
the use of an Environmental Scanning Electron Microscope (ESEM). The ESEM has
been fitted with a cold stage modification (Griffin et al. 1992) permitting
the use of fresh biological material without sample degradation and cellular
collapse.

RESULTS AND DISCUSSIONS

Seed viability and germination percentages are given for 10 batches of seed
in Table 1. E. maculata seeds were most viable for up to 3 years old. Old
seeds gave poor results. Naked seeds, when excised from the fruit germinate
rapidly with the first radicals emerging after 5 days. Peak germination occurs
after approximately 12 days, with a maximum germination rate of 98 %. However,
when the seed remains within the fruit, the germination rate is much lower,
e.g. 18%. The main factor controlling the germination of Eremophila fruits is
the woody endocarp which surrounds the seeds. Once the fruit apex is worn down
the seed may germinate when available water and oxygen are available.

Table 1. Seed viability and germinability for Eremophila species.

SPECIES SOURCE STATE AGE(months) SAMPLE SIZE VIABILITY % GERMINATION %
E.goodwinii N/A QLD 130 100 4 3
E.longifolia ADELAIDE SA 7 100 N/A 30
E.longifolia CURLWA NSW 36 100 N/A 17
E.longifolia ADELAIDE SA 96 100 N/A 18
E.linearis MARANDOO WA 6 100 35 34
E.maculata LEONORA WA 6 50 74 N/A
E.maculata LEONORA WA 10 50 58 74
E.maculata LEONORA WA 18 50 74 ' 82
E.maculata ALICE SPGS NT 34 50 68 92
E.maculata MENZIES WA 156 25 8 N/A

The percentage of fully developed seed within the fruit was highly variable
i.e. 12.5 - 64.1 %. Fruit batches had varying levels of aborted and dead seed.
There was also a small percentage of parthenocarpy in fruits, where no seeds
were produced in any of the locules within the fruit. Insect attack also
accounted for a small loss of good viable seed within the fruit. Insects such
as Lepidoptera, Diptera and Hymenoptera have been retrieved from fresh fruits
showing seed damage. It is surmised that these factors influence the
proportion of fully developed seed within the fruit, and this may also
explain, in part, the lack of success in growing certain Eremophila species
from seed.
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Microscopic examination of seed and testa has been undertaken to show cross
sections of seeds. The seed has a large embryo with a thin outer endosperm.
The seed is enclosed in a porous testa covering, with pores of approximately
70 um wide.

Recent trials at Curtin University have indicated that a secondary dormancy
mechanism may operate in Eremophila. It is possible that inhibitory chemicals
within the fruit wall may restrict the germination of Eremophila seeds.
Current research is focussing on the isolation and purification of compounds
from the fruit wall.

Table 2 indicates the varied fate of seeds after seed set within fruit.

Table 2. Seed production in four Eremophila species.

SPECIES
SOURCE
STATE

E. MACULATA
OWEN
SA

E. LONGIFOLIA

CURLWA
NSW

E. LINEARIS

MARAN000
WA

E. GOODNINNII

N/A

QLD

AGE (MONTHS) 2 30 5 129

FULLY DEVELOPED SEED ( %) 12.50 41.80 30.20 64.18

ABORTED SEED ( %) 26.34 15.59 38.50 0.75

DEAD SEED ( %) 2.81 1.07 0.60 3.35

PARTHENOCARPIC FRUIT ( %) 2.50 0.00 0.80 0.00

INSECT DAMAGE SEED ( %) 11.45 1.47 0.00 0.00

EMPTY LOCULES ( %) 44.40 40.07 29.90 31.75

SAMPLE SIZE 160 93 125 52

MAX. SEED POTENTIAL 1280 1280 744 1000 416

MAX SEED PER FRUIT 8 8 8 8

Key:
Fully developed - seed healthy, plump firm white seeds.
Aborted seed - seed partially develops then aborts.
Dead seed - seed fully developed then dies, characterised by black -grey

colouration and moisture loss.
Parthenocarpic whole fruits - fruits where no fertilisation is presumed to

have taken place.
Insect damage seed - seed which have been attacked or eaten by insects, with

frass located in locules.
Empty locules - where no seed development has taken place (ie no

fertilisation) although seeds may have developed in other locules
within the fruit.

CONCLUSION

Eremophila germination appears to be at least partially controlled by the
impermeability of the fruit wall. In addition other experiments have indicated
that the fruit wall contains chemical substances involved in regulating seed
germination. Seed set appears to be highly variable and affected by abortion
and parthenocarpy. Seed viability declines rapidly after 3 years suggesting
that for best results fruits of younger age should be utilised.
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METALLIFEROUS MINE REHABILITATION IN THE SEMI -ARID RANGELANDS
A CASE STUDY OF THE NEW OCCIDENTAL GOLD MINE, COBAR

C.L. Curnow

Soil Conservationist, Department of Conservation and Land Management
P.O. Box 211, Cobar, 2835.

INTRODUCTION

The New Occidental Tailings Re- treatment site, located 4.5 km south -east of
Cobar along has undergone rehabilitation operations. Biophysical constraints
are seen as major obstacles in revegetation. Constraints imposed by the
mine's characteristics were overcome through a rehabilitation programme
designed and implemented as a short to medium term solution.

BACKGROUND

Non site specific constraints

In the semi -arid rangelands the biophysical extremes of climate and soil
characteristics represent major stumbling blocks in the rehabilitation of not
only mine sites but rangelands in general. Lack of rainfall and the
inherently poor physio -chemical properties of the soils greatly reduce the
success of revegetation programmes. Continuous ground cover is difficult and
expensive to achieve and maintain. Most rainfall events are of high intensity
and short duration. This must be taken into account in the planning of
erosion control measures.

Site specific constraints

Compounding the above constraints are the site specific conditions imposed by
the mining venture itself. Generic to all metalliferous mines, these problems
impact on the environment to varying degrees depending on the planning and
management regimes employed during mine development and cessation.

SITE SPECIFIC CONSTRAINTS AT THE NEW OCCIDENTAL SITE

The following concerns were highlighted in formulating the rehabilitation plan
for the site:

1. Tailings Dam Construction

Both tailings dams were constructed poorly. Instead of containment wholly
within clay -lined earthen dams, the company opted for the unsatisfactory
situation of tiered construction with all but the bottom containment walls
being made from tailings. Having tailings contained by tailings at steep
angles of repose (51 degrees) is totally unacceptable. The Department of
Mines, Western Australia (1988), state that slopes above 45 degrees present
severe erosion hazards. However, without a full geotechnical survey (not
offered in the services of the Department) and a considerable amount of
money, little could be done structurally with the tailings dams.

2. Re- treated Tailings Characteristics

The retreated tailings typically contain high amounts of cyanide (present
predominantly as the stable non -toxic iron species), arsenic, lead, zinc,
copper and soluble salts. They are also moderately acidic (pH 4 -5) and are
dispersable due to the low calcium /magnesium ratio.

3. Implications for Rehabilitation

Being highly dispersable, the tailings have undergone water erosion via the
processes of slumping, tunnelling and rilling. Tunnelling is the main
process. Being uniformly fine in texture, the tailings have also been
susceptible to pronounced wind erosion. These forms of erosion result in
the dispersal of potentially toxic material off -site Fredrickson (pers.
comm.) refers especially to lead and arsenic).
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At the old slime dumps (the by- product of original mining operations which,
when re- treated, resulted in the present tailings dams) were located the
exposed "soils" are very saline; mainly with salts of calcium, sodium,
chloride and sulphate (Fredrickson pers.comm.). The salinity and inherent
lack of organic matter present a major problem for revegetation.

Green (1981) demonstrated via a revegetation trial on a portion of one of
the old slime dumps, that success depends heavily on irrigation, mulching,
fertiliser, lime and protection from rabbits. All except irrigation and
mulching have been incorporated into the New Occidental rehabilitation.
Other measures have also been included.

REHABILITATION AIMS

In planning for rehabilitation, the basic aims of the consultancy were to:

(i) Prevent removal of tailings off -site via water and wind erosion;

(ii) Minimise on -site erosion and degradation of the mining lease

REHABILITATION COSTS

A summary of works and associated costs provided to the company totalled
$114,195. The two most expensive operations were the ash capping and the soil
amelioration programme at 31.5% and 24% of the total cost respectively.

REHABILITATION PROGRAMME

Works to achieve the first aim, centred on the characteristics of the
tailings. Since the tailings dams were not to be structurally altered, it was
decided that sediment retention structures be constructed and the bund wall
strengthened to prevent egress of tailings from the dams and areas in between.

In order to combat off -site removal of tailings via wind erosion, an ash /slag
material (present on site in large quantities) was placed over the entire top
surface area of each dam. The ash /slag material, a waste product from a
previous smelting operation, supported a variety of volunteer species. Once
trucked and spread on top of the dams it was anticipated that, with the seed
bank already contained in the material, the same volunteer species would
establish. A minimum thickness of 10 cm was achieved in the ash /slag capping.

Works to achieve the second aim involved a number of activities and centred
on the areas in between the tailings dams and the site in general:

1. Construction of graded banks and waterways.
2. Deep ripping along the contour between graded banks.
3. Soil amelioration - lime @ 5 tonnes /ha

- gypsum @ 6.25 tonnes /ha
- fertiliser (mon- ammonium phosphate)

@ 125 kg /ha

4. Rabbit -proof fencing and rabbit eradication, involving the erection of
a 4.1 kilometre buried mesh fence (to 20 cm), the ripping of warrens where
possible within the site and the laying of carrots, poisoned with Pindone
or 1080 depending on the proximity of the area to nearby housing (note:
three free feeds were necessary prior to poisoning; a total of 900 kg of
carrots were used).

5. Seeding - Paraggio Barrel Medic (inoculated) @ 10 kg /ha
- Carbeen Oats (acid tolerant) @ 10 kg /ha
- Woolly Pod Vetch @ 8 kg /ha

6. Treelots - as windbreaks to reduce erosion hazard caused by the
prevailing winds from the south and west

- 5 Acacia spp., 2 eucalypts, 1 Cassia sp.
and Callitris enlichii (white cypress pine)
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The seed was mixed with the fertiliser at the pre -determined rates,
incorporated with the lime and then spread. Correct seed bed preparation and
sowing was not an option given the extremely rough terrain of the site and the
limited budget. The treelot programme (yet to be completed) will utilise the
deep ripped contour lines and avoid areas contaminated from the old slime
dumps.

CONCLUSION

The rehabilitation of the New Occidental Tailings Retreatment site is a short
to medium term solution. The biophysical constraints of the semi -arid
rangelands are compounded by the site specific constraints of a poorly planned
series of mining ventures.

In terms of the tailings dams a compromise solution was achieved. This, in
association with the works to achieve the second aim, represent the best
possible solution given the available budget.

There exists considerable local interest in the site. However, as Farrell
(1986) surmised, until a mined -out site has been rehabilitated to government
and community expectations, doubts as to whether adequate rehabilitation can
be achieved will still remain.
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ABSTRACT

DEGRADATION AND POTENTIAL FOR RECOVERY IN SOME CENTRAL
AUSTRALIAN RANGELANDS: I. SOILS AND LANDSCAPE.

D. J. Tongwayl & M.H. Friedel2

1CSIRO Division of Wildlife and Ecology, Canberra.
2CSIR0 Division of Wildlife and Ecology, Alice Springs.

We studied three sites in Central Australia with a range of use by cattle
to see whether the soil had lost its capacity to support the vegetation
assemblages present prior to grazing, and also to investigate whether
degradation processes might reverse if stocking policy is changed. On the
most heavily utilised sites, the soils were unstable and infertile and the
landscape had lost nearly all its capacity to trap and use scarce resources
effectively. The moderately utilised site had lost some of the
soil /landscape productive potential, but could improve given good seasons
and light stocking.

A site which had been de- stocked for 10 years had stable, fertile soils and
a number of means in the landscape of capturing and utilising scarce
resources such as water, top -soil and organic matter.

INTRODUCTION

The calcareous shrubby grasslands of Central Australia are highly preferred
grazing for cattle. As a consequence, there has been heavy utilisation of
the pasture, and the landscape has received persistent trampling and /or
treading by cattle.

In these circumstances, can we assess or predict whether vegetation change
is reversible by changes to stocking management, or not, because the
condition of the soil as a habitat for grazed species has been degraded or
destroyed?

To answer this question, we need to understand how physiographic features,
vegetation and soil properties control scarce resources such as water and
organic matter in relatively undegraded systems, then investigate how those
processes and properties have altered in pasture which are perceived to be
degraded.

METHODS

We selected three areas with a range of grazing histories for our study:
Site 1, 0.3 km from a dam and actively grazed; Site 2, 4.5 km from the dam
open to grazing; and site 3, a similar distance from a dam as site 2 but
having been fenced off and ungrazed by cattle for 10 years. At each site
we set up a transect about 300 m long running directly down the maximum
slope. The transect was divided into a number of strata using geomorphic
and soil surface descriptors to discriminate the strata and to infer their
functional attributes (eg run -off slope, sand bank, depositional zone etc).
An accurate levels survey was made at 1m intervals along the transect and
the data used to plot the landform shape, and locate the strata on it.
Soil samples were taken in triplicate at random positions in each landscape
stratum and analysed later in the laboratory for organic carbon, nitrogen,
available phosphorus, pH and electrical conductivity. Soil respiration
measurements adjacent to the soil sampling sites were also made, over a 24
hour interval.

RESULTS AND DISCUSSION

Table 1 indicates the landscape strata types identified at the three sites
and characterises their size and soil stability.

Some very unstable soil surfaces are the exclusive domain of Site 1

(nearest dam), whilst the most stable soils are on Site 3. In addition,
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the relative areas of unstable soil decreased form Site 1 to Site 3; stable
soils showed the opposite trend.

In terms of nutrient pool sizes and biological activity, soil strata
assessed as most stable were also more fertile. Soil respiration values
for Site 1 are unable to be used, as erosion has exposed richly calcareous
surfaces which gave off copious amounts of CO when wet, due to
decomposition of limestone by rain which is effectively acid.

These soil and landscape data are supported by plant life -form,
palatability and productivity data which is reported in a complementary
presentation (Friedel and Tongway).

Taking these approaches together, it is possible to attribute pasture
condition to underlying soil properties which affect pasture growth, as
well as germination /establishment likelihood. The physical models of
ecosystem function permit the judgement to be made about reversibility of
pasture condition by stock management alone within an appropriate
management time frame. We can specify when more interventionist measures
must be made to rehabilitate the soil resource and give pasture species a
chance to establish.

Geomorphic Unit Site 1 Site 2 Site 3

Run -off Slope 51% 75% 51%
very unstable moderately stable stable

Sandy Colluvial
Sheet

36%
very unstable

zero zero

Sandy Banks 13%
unstable

15%
moderately stable

zero

Sandy Hummocks zero 10%
moderately stable

26%
Moderately stable

Depositional
Zone

zero zero 23%
very stable

Table 1. Relative proportions of geomorphic strata and soil stability on
the three study transects.
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DEGRADATION AND POTENTIAL FOR RECOVERY
IN SOME CENTRAL AUSTRALIAN RANGELANDS: II. VEGETATION

M.H. Friedel & D.J. Tongway2

1C IRO Wildlife & Ecology, Alice Springs 0871
CSIRO Wildlife & Ecology, Canberra, 2602

ABSTRACT

In a complementary presentation (Tongway & Friedel, this volume), we
examined the impact of cattle grazing on the landscape and soils of
calcareous shrubby grasslands. In this presentation we look at the way
soil changes were expressed in the vegetation.

On severely degraded soils, herbage and shrubs were largely restricted to
sandy bands, and most herbage was unpalatable. Shrubs were small. Herbage
palatability was better on less degraded soils, and the number and size of
shrubs were greater. On land rested for 10 years, there was excellent
recovery on the sandy bands but not on the intervening stripped surfaces,
and there were few large shrubs. Palatable perennial grass appeared for
the first time.

Thus there is an increase in discrimination amongst landscape units as
stability improves, and both vegetation quantity and forage quality are
better. Degraded vegetation can recover provided the landscape units
remain largely intact; once sandy bands and hummocks lose their structure,
a critical threshold is crossed and potential for recovery is low.

INTRODUCTION

The calcareous shrubby grasslands of central Australia are highly preferred
grazing for cattle. In all but the driest seasons, forage is predominantly
selected from the herbage layer and, as a consequence, this layer is often
in a degraded state. Chenopod shrubs (mostly Maireana astrotricha) and
sparse acacias (Acacia kempeana, A. ligulata and A. tetragonophylla are
rarely eaten but nevertheless they are in poor condition near watering
points.

Can we predict that the productive potential of the vegetation will be
restored under conservative management? To do so, we must understand the
ecological processes of degradation and recovery. Our study concerns an
area where stocking rate had been reduced to about 30% of its former level,
so that recovery was a possibility.

METHODS

We selected three areas with contrasting histories: Site 1, 0.3km from a
dam; Site 2, 4.5km from a dam; and Site 3, similar to Site 2 but fenced out
and largely ungrazed by cattle for 10 ,years. At each site, we estimated
the cover of herbage species within 1m quadrate, located at 5m intervals
along 200 to 300m transects, in order to sample the various landscape units
described by Tongway & Friedel (this volume). Shrubs were sampled in 5 to
10m wide belt transects along the same 200 to 300m; an index of shrub size
was generated from measures of height x widest diameter.

Results & Discussion

On Site 2, aerial cover of herbage was at its maximum (2 %) on the sandy
bands, somewhat less on the colluvial material of degraded bands and very
low on the stripped, erosional areas in between (Fig. la). Most of the
herbage was unpalatable. On Site 2, cover reached 3% on the sandy bands
and 1.5% on the erosional surfaces (Fig. lb), and the proportion of species
of intermediate grazing preference was greater. Cover at Site 3 exceeded
6% in the depositional zone (Fig. 1c), and the palatable perennial grass
Digitaria coenicola was dominant. Cover was low on the remainder and was
largely confined to the sandy hummocks. Thus recovery of herbage appears
greatest on the more stable and sand surfaces.
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Bluebush (Maireana astrotricha occurred as a few small plants at Site 1

(Fig. 2a), mostly on sandy bands and remnant colluvial material. The
bushes had been large but were dying back and their surrounding hummocks
were eroding away. At Site 2, there were many more small plants, of recent
origin, and some larger individuals (Fig. 2b), suggesting that recovery was
in train. Erosional surfaces supported a number of shrubs. Even greater
numbers were recorded at Site 3 (Fig. 2c), suggesting that recovery of
shrubs preceded recovery of herbage (cf. Fig. 1c). Comparing the three
sites, it appears that recovery is possible (within a practical time frame
for management) only where the landscape units remain relatively intact.
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Figure 1. Aerial cover of
herbage at (a) Site 1, (b)
Site 2, (c) Site 3. Key to
landscape units is in (a);
key to palatability classes
is below (c).
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Figure 2. Size class
distribution of bluebush at
(a) Site 1, (b) Site 2, (b)
Site 3. Key to landscape
units is in (a); key to size
classes is below (c), from
smallest (class one) to
largest (class four).

Tongway, D.J. and Friedel, M.H. 1992. Degradation and potential for
recovery in some central Australian rangelands. Landscape and
soils. Working Papers 7th Bienn. Conf. Aust. Rangel. Soc. October
1992 Cobar NSW.
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DRYLAND SALINITY REVEGETATION

John Greig

"Tilga" Ootha, NSW 2797

The site is 30km east of Condobolin in central NSW on the property of J.E.
and J.M. Greig, "Tilga ", Ootha. Rainfall is variable and neither winter
nor summer dominant. Average rainfall is 425mm.

SOILS

Red -brown earth with clay subsoil. Ridges have some gravelly shallow soils
overlaying weathered shale.

HISTORY

The original timber was mainly bimble box and cypress pine and was rung
about 110 years ago and cleared for cropping 70 -80 years ago. The saline
area (approx. 20 ha) appeared in 1956, a very wet year. During wet years
the area has a saline watertable which reaches across the surface.

RECLAMATION

Reclamation work began in 1969 with the fencing out of the area and ripping
and planting of old man saltbush (Atriplex nummularia) tubestock.
Subsequently it was found to be cheaper and more effective to scatter
saltbush seed by hand onto a ripped surface in autumn. Marsh grass
(Puccinellia sp.), tall wheat grass (Agropyron elongatum) and some similar
seeds have been sown using a combine and small seeds box. Bluebush and
saltbush species have been established initially by hand -scattering of
seed. Natural regeneration has occurred from these plants resulting in a
considerable improvement in ground cover.

Saltbush couch (Paspalum distichum) has persisted in spite of the droughts
of the early 1980's and some heavy grazing, and now covers a considerable
part of the wetter areas. The grass was established from cuttings in 1969.
Mealy saltbush (Atriplex pseudocampanulata) had been one of the best
colonisers of the saltbushes so far.

This year 50 different species have been planted to assess their value for
salt reclamation in this area. A list of these is attached. Note that the
RECOM. rating is a composite of a visual assessment of the plant's ability
to survive, colonise, produce, be palatable and lack undesirable features.
There is one point for each feature (maximum of 5) and a score of 2 or less
means unsuitable for this site. Some species have not been assessed yet as
they are either not established or only recently established.

RESULTS

The results of this work have shown that:

1. The area must be fenced out and stock excluded
2. The area should be ripped six months before the autumn sowing to leach

salt from the seed bed
3. Stock should be excluded for at least 22 months after sowing a mixture

of salt tolerant plants
4. Less salty areas should be reclaimed first as these will provide seed

which will establish itself on the more saline areas when conditions
are favourable

5. Saltbush should only be grazed during late summer and early autumn to
ensure survival

6. Steps should be taken to prevent the water table rising eg. tree and
lucerne planting, diversion banks, etc.

Other species (34) will be sown if seed can be obtained and it is hoped
further experimentation will continue in cooperation with the recently
formed Dorriwong -Ootha Landcare Group.
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Table 1.

No. BOTANICAL NAME COMMON NAME Establ Recomm

1 Agropyron elongatum Tall wheat grass 5
2 Puccinellia ciliata Puccinellia 5

3 Chloris gayana Rhodes grass 2
4 Phalaris ? Sirolan phalaris
5 Trifolium fragiferum Strawberry clover 2
6 Atriplex canescens Four winged saltbush
7 Atriplex lentiformis Quailbush
8 Atriplex nummularia Old man saltbush
9 Atriplex vesicaria Bladder saltbush
10 Atriplex bunburyana Silver saltbush 4

11 Atriplex amnicola River saltbush 4

12 Atriplex glauca Blue saltbush
13 Atriplex leptocarpa Slender fruited saltbush 4

14 Atriplex halimus Nth African saltbush
15 Atriplex undulata Wavy leaf saltbush 5
16 Maireana excavata Bottle fissure weed 4

17 Atriplex pseudocompanulata Mealy saltbush 5
18 Enchylaena tomentosa Ruby saltbush 5
19 Atriplex semibaccata Creeping saltbush 4

20 Atriplex ? 3

21 Maireana brevifolia Yanga bush 4

22 Paspalum distichum Saltwater couch 5
23 Sarcozona praecox Sarcozona (pigface) 3
24 At. paludosa sp. paludosa Marsh saltbush 3

25 Rhagodia spinescens Thorny saltbush
26 Atriplex spinibractea Sprinyfruit saltbush 3

27 Atriplex suberecta Lagoon saltbush 2

29 Atriplex confertifolia
29 Atriplex cinerea Grey saltbush
30 Sclerolaena diacantha Grey copperburr
31 Maireans ?
32 Cactus ?
33 Atriplex halocarpa Pop saltbush
34 Atriplex isatidea Coast saltbush
35 At. lindleyi sp. Zíndleyi 4

36 Maireana aphylla Cottonbush
37 Maireana pyramidata Black bluebush
38 Maíreana astrotricha Low bluebush
39 Maireana convexa
40 Rhagodia baccata
41 Salsola vermiculata A Mid. Eastern Rollypolly
42 Carpobrotus edulis Angular pigface
43 Chenopodium anidiophyllum Mallee goosefoot
44 Maireana pentagona Slender fissure weed
45 Maireana humilia
46 Maireana enchylaenoides Wingless fissure weed
47 Bassis stelligera Star copperburr
48 Halosarcia doleiformis Samphire
49 Halosarcia sp. Blue samphire
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REHABILITATION RESEARCH - BACK O' BOURKE

David Robson

Conservation and Land Management, Bourke, NSW.

ABSTRACT

Soil degradation, perennial pasture decline and inedible shrub encroachment
are common forms of land degradation north west of Bourke NSW.

An experiment to investigate the merits of various land rehabilitation
treatments was commenced in April 1991. Treatments involve combinations of
bladeploughing, destocking and the sowing of Cenchrus spp..

Rainfall has been very limited. However, early results suggest that
bladeploughing, as a one off treatment, is unlikely to bring about long term
improvement in land condition. The treatment yielding best pasture biomass
after eleven months combines bladeploughing with concurrent sowing of Cenchrus
and subsequent total destocking.

OBJECTIVES

1. To test the merits of alternative rehabilitation treatments in
sandplain country which is presently subject to dense native shrub
encroachment, depleted pasture and degraded soil condition.

2. To investigate the nature of any relationships which might exist
between vegetation and soil surface characteristics.

3. To select the best rehabilitation option from the treatment
combinations. More definitive management recommendations are the goal
for the future.

METHOD

1. Vegetation and soil surface condition variables were measured on three
replicate sites within a grazing paddock on "Bloodwood" station in
April 1991.

2. Six rehabilitation treatments per replicate were installed immediately
afterwards. Treatments include bladeploughing, exclusion of all larger
herbivores and seeding with Cenchrus spp. in a factorial block
arrangement.

3. Rainfall, and vegetation and soil surface condition variables will be
monitored until the re- establishment of perennial pasture and
improvement in soil condition within one treatment has progressed to
the stage where it is judged safe to re- introduce controlled grazing.

The treatment which allows re- stocking in the shortest time will be
considered the preferred method of rehabilitation.

RESULTS

1. Rainfall. The three sites received a mean total rainfall of 144 mm
between April '91 and March '92. Of this total, 97% fell between
December '91 and February '92.

2. Pasture Biomass Response. Pasture biomass was measured within the six
treatments in April '91 and again, in March '92. Data were pooled from
all replicates and the mean calculated.

Before treatment, the difference in mean pasture biomass between
treatment areas was insignificant.
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Eleven months after treatment, treatments involving bladeploughing and
destocking contained significantly greater pasture biomass than the
other four treatments.

The treatment which combined bladeploughing, destocking and seeding
with Cenchrus yielded the best mean pasture biomass of all treatments
and was significantly better than the treatment which was only
bladeploughed and destocked.

CONCLUSIONS

Numerous ecological variables are being measured but it is too early to
present data from them yet. Shrub mortality and soil surface condition change
must be monitored for a longer period if any meaning is to be attached to data
collected. Further, the pasture biomass results presented are a temporary
response to a short period of low level rainfall at a time of high
evaporation. The March '92 results may change significantly in the long term.
Neither do the biomass data indicate present species composition of pasture
(ie, quality and stability) which could fluctuate dramatically from season to
season, and also follow a longer term trend as the effect of respective
treatments progresses.

Nevertheless we may safely make the following conclusions now.

* A significant increase in pasture biomass has been achieved in
bladeploughed and destocked treatments after only 144 mm rain. This
suggests that rehabilitation in the subject country is possible
irrespective of the seasons immediately following treatment.

* Since pasture growth is pivotal to the rehabilitation of the system as
a whole, the probability of successful rehabilitation is reasonably
high in bladeploughed- then -destocked treatments.

* Conversely, all three treatments which are subject to the prevailing
grazing regime show insignificant improvement in pasture biomass and
therefore stand less chance of rehabilitation in future.

Sponsors: Environmental Trust Grant Scheme of NSW.
Department of Conservation and Land Management of NSW.
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WATERPONDING AND FORAGE PRODUCTION FOR COST- EFFECTIVE
SCALD RECLAMATION (VICTORIA RIVER DISTRICT, NT)

S. A. Sullivan

Conservation Commission of the Northern Territory,
Victoria River Research Station (Kidman Springs), via Katherine, N.T.

ABSTRACT

Construction costs of waterponding banks for scald reclamation in Victoria
River District (VRD) can be prohibitive. Cost recovery of construction with
a station -owned grader, through increased production, may take 6 years.

In the short term, construction costs may be recovered by establishing forage
sorghum, permanent pasture grasses, or legumes for hay, seed production or
grazing.

INTRODUCTION

In the VRD, over 300 square kilometres of scalded country have been identified
(Condon 1986).

In 1989, a non -saline sodic scalded area was ponded using waterponding
technology as developed in NSW. Re- establishment of vegetation was largely
dependent on self -sown native pasture seed.

With a view to accelerating cover increase and organic matter production,
numerous improved pasture species were tested.

In 1990, after consideration of ponding bank construction costs, improved
pasture species testing was extended to gauge the potential for cost recovery.

METHODS

Construction

A 130G Cat. grader was used to construct 43 ponds over 17ha, according to
construction methods described by Rhodes (1987).

Borrow areas were ripped to enable sufficient soil to be won for banks. Banks
were constructed to design height and width in 5 or 6 passes. Of the pond
areas, 33 were ripped. Ten were not ripped for comparative purposes.

Improved pasture species testing

Improved pasture species were selected for tolerance to waterlogging, known
suitability to area, ability to withstand a long dry season or organic matter
production.

In 1989, 18 improved pastures species were planted, such as Sorghum spp.
hybrid cv Silk, buffel grasses (Cenchrus ciliaris cvs), Sabi grass (Urochloa
mosambicensus), Koronivia grass (Brachiaria humidicola) and legumes,
Stylosanthes spp and Centrosema spp.

In 1990, waterponding was extended to more scalded areas on Kidman Springs and
Auvergne Station. Whole pond areas were planted to the best performing
pasture species of 1989 trials.

RESULTS

Costs of construction

If only fuel costs are considered @ 70c /L, the cost of construction using a
station grader would have been $24 /ha for bank construction and $6 /ha for pond
ripping.

Cost of construction with a hired grader @ $80 /hour would have been $158/ha
for bank construction and $38 /ha for ripping.
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Pasture establishment

Native annual pasture establishment was substantial after the first wet
season. The proportion of perennial species increased over subsequent years.

Ripping pond areas was beneficial to native pasture establishment and was
required to assist cultivation for improved pasture planting.

The most vigorous, high yielding and persistent improved pasture species to
establish in 1989/90 included buffel grass (all cultivars), Sabi grass and
Silk sorghum. These species, along with several others were planted to larger
waterponded areas in late 1990.

High yielding stands (not quantified) of several species were established,
achieving good coverage of scalds. The most consistent and highest yielding
species were forage Sorghum spp.

DISCUSSION

Construction costs of waterponding in the VRD, particularly in the context of
an extensive grazing system, are very high.

In a simplistic economic analysis, the gross margin of running steers in the
VRD is approximately $5.80 /ha /year (Sullivan 1991). With the construction of
ponding banks using a station -owned grader costing up to $30 /ha, cost recovery
through additional production (on native pastures) would take at least 6
years. The cost of construction at commercial grader hire rates is
prohibitive, unless the value of production on the ponded area can be greatly
enhanced.

Most stations in the VRD require good quality hay for stockfeed. Many stations
import hay at considerable cost ($3 /square bale plus freight). Several
stations have hay- making equipment and cut native pastures or attempt to grow
forage crops on unreliable and often inadequate rainfall.

Waterponding on scalds for forage production is attractive because: no land
clearing is required, water conservation aspects of ponding guard against dry
spells, and organic matter production will assist scald reclamation.

The gross margin of growing sorghum for hay in the Katherine Region NT is
approximately $175/ha (Sullivan 1991). Stations with access to hay- making
equipment could therefore recoup construction costs very quickly.

Other options include establishing self -replacing or perennial pasture grasses
and /or legumes for hay, forage or seed production.

While more research into planting methods is required, improved pasture
species on ponded scalds enable rapid reclamation and have the potential to
make a valuable contribution to the good quality forage requirements of a
pastoral enterprise.
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SALINITY TOLERANCE OF ATRIPLEX NUMMULARIA IN RELATION TO ITS USE
FOR REHABILITATING SALT - DEGRADED AREAS

J.A. Duggin and C.J. Cox

Department of Ecosystem Management, UNE, Armidale, N.S.W.

ABSTRACT

Glasshouse experiments were used to determine the salinity tolerance of
Atriplex nummularia (old man saltbush) either growing under free -draining or
waterlogged conditions. Plants were grown over a 17 week period in either a
sandy -clay or a sand and watered with saline solutions ranging from 0 -1000
mmol /L NaCl. All plants in free -draining pots survived the experimental
period over the entire salinity range. Growth was slightly stimulated at the
lower end of the range (100 -200 mmol /L) relative to that of the control where
as growth was significantly reduced when salt concentrations exceeded 600
mmol /L. Growth at 1000 mmol /L was reduced to 54% of the control.
Waterlogging significantly affected both growth and survival for all salinity
levels other than the control. Growth was reduced to 50% at 100 mmol /L and
to 22% from 400 mmol /L onwards. The lethal dose of salt that produced a 50%
mortality (LD50) was 100 and 270 mmol /L for the waterlogged sandy -clay and
sand respectively. Laboratory germination experiments showed that seed
germination occurred under moderately saline conditions and that the level of
salt tolerance increased significantly when the seeds were extracted from the
bracts.

INTRODUCTION

Atriplex nummularia is a potentially valuable plant for use in rehabilitating
scalded and secondary salinised areas because it is an halophyte. The species
may be used in reclamation work by either planting seedlings or by directly
sowing seed onto affected areas when conditions are suitable for germination
and early survival. The objectives of this study were (i) to determine the
level of salinity tolerance of A. nummularia juvenile plants growing under
free -draining or waterlogged conditions in sandy -clay or clay soils and (ii)
to determine the effects of salinity on seed germination.

MATERIALS AND METHODS

The salinity screening experiment was conducted under glasshouse conditions
using seven -month old seedlings provided by a commercial supplier (Narromine
Transplants). The soils used were a red clay (collected from a scalded area
near Nyngan, NSW) and a sandy -clay (prepared by mixing equal volumes of the
red clay with river sand). Plants were grown either under free -draining or
waterlogged conditions. Salinity concentrations used were 0, 100, 200, 400,
600, 800 and 1000 mmol /L NaCl. The solutions were applied as a daily
irrigation in the free -draining treatment or as a water bath in the
waterlogged treatment (with the solution being maintained to about 1.5 -2.0 cm
from the soil surface and then replaced weekly with fresh solution). The
experiment ran for about 17 weeks (121 days). Height and mortality were
recorded fortnightly and a growth index was calculated as the area under the
natural log height /age curve for each plant.

Seed germination was undertaken on seeds pretreated by leaching for 48 h under
fresh running water, by removing the bracts (naked seed) or as a control.
Salinity concentrations used ranged from 0 -600 mmol /L NaCl. Seeds were
incubated on a 12 h light -dark cycle at 20 °C for 29 days.

RESULTS AND DISCUSSION

No plant deaths were recorded over the experimental period (121 days) in the
free -draining treatment for the entire salinity range while in the waterlogged
treatment all plants in the 400 mmol /L treatment and above died. Survival was
not significantly different for all those salinity levels with the average
survival period being 55 days. Mean survival periods for the waterlogged
treatments at 100 and 200 mmol /L were 92 and 82 days respectively. All plants
in the waterlogged control treatment survived. Survival was better in sand
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than sandy -clay soils with the LD50 (the concentration of salt that results
in 50% mortality) being 270 and 100 mmol /L respectively.

All plants in the free -draining treatment grew in height over the experimental
period with the control treatment increasing by 141% while the height increase
in the 1000 mmol /L treatment was 33 %. Height growth in the waterlogged
control treatment was 110% while for the 1000 mmol /L treatment dieback
occurred and the height decreased 16% over the period for which they survived.
Growth index (Fig. 1) showed that there was a slight stimulation in growth
when plants were irrigated with low concentration salt solutions (100 and 200
mmol /L) over that of the control in the free -draining treatment although the
difference between the control and all salinity levels up to and including
400 mmol /L were not significantly different. The combination of waterlogging
and increasing salinity significantly decreased the growth index compared with
the zero salinity, waterlogged treatment. Growth was not significantly
reduced any further when salinity levels were increased beyond 400 mmol /L.

Seed germination was significantly improved with the removal of the bracts
surrounding the seed (naked seeds) over all salinity levels used (Fig. 2a).
Germination increased from 13.0% for the untreated, control (0 mmol /L NaCl)
seeds to 71.5% for naked, control seeds. Germination was significantly
improved for naked seeds at all salinity levels used in the experiment. The
leaching pretreatment only improved germination in the absence of salt whereas
there was no difference in germination under saline conditions. Germination
rate (as measured by the number of days to reach 50% of maximum germination)
was significantly improved (Fig. 2b) with the removal of the bracts and
leaching when the seeds were germinated under control conditions. Germination
rate for intact seeds was 7.9 days compared with 2.3 and 2.9 days for leached
and naked seeds respectively. Increasing salt concentrations significantly
reduced germination rates for the control and leaching pretreatment. The
change in germination rates also decreased for naked seeds although the rates
were significantly less than for the other pretreatments. The difference
between germination rates for naked seeds was only significantly different at
the 600 mmol /L salinity level from the control and all other salinity levels.

The results from these experiments show that A. nummularia seedlings may be
potentially used in rehabilitating salt -affected land, provided that in highly
saline soils they are not constantly waterlogged. Waterlogging significantly
reduces growth and survival even in the presence of low concentrations of
salt. Direct sowing of seeds onto saline areas is likely to be more
successful if the seeds are removed from the bracts as this increases both the
germination capacity and rate.
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Figure 1. Growth index for Atriplex nummularia growing under either
free -draining (o) or waterlogged ( *) conditions over a range of saline
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Figure 2. Germination capacity (a) and germination rate (b) for Atriplex
nummularia under a range of saline conditions when seeds were removed from the
bracts (naked seeds o ), leached with running tap water for 48 h ( *) or as a
control (o) . LSD(0.05)- 9.0 for germination % and LSD(0.05)° 7.1 for
germination rate.
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THE EFFECT OF SITE CONDITION, EXCLOSURE AND CONTOUR FURROWING
ON PASTURE CHANGES OVER A FIVE YEAR PERIOD.

Bill Tatnell

Department Conservation and Land Management, Broken Hill NSW

INTRODUCTION AND METHODS

Vegetation changes were studied from 1986 to 1991 at a site 70 km north of
Broken Hill in the semi -arid pastoral area on eight occasions in relation to:
condition class (good, moderate and poor); contour furrowing; and exclosure
from 1986 to 1991. Step pointing was used to measure bare ground %, stable
ground cover % (i.e. perennial and biennial species) and total species present
at each site.

RESULTS

Results are presented in relation to the effects of condition; effects of
contour furrowing and exclosure; the establishment of artificial contour
linear gilgais.

Condition

The importance of condition in relation to: bare ground %; total species
number; and stable ground cover % during prolonged dry periods is shown in

Table 1.
Stable Ground Cover % Variations in Variation
at times when Bare Total Bare Total Spp
Ground % is Highest Ground % No.

Good 24% 20% 26% 50 % -20% 19 -31

Moderate 22% 19% 9% 45 % -17% 18 -27
Poor 11% 13% 10% 78 % -55% 3 -13

Table 1 - Effect of condition class on measured parameters

Differences between good and poor sites are obvious, while differences between
good and moderate sites are less well defined, but are expected to diverge
with the length and severity of dry periods.

Furrowing and Exclosure

Contour furrowing and exclosure from sheep grazing decreased bare ground by
57% and increased stable ground cover from 10% to
increased by more than double over five years.

Table 2
1986

29 %. Total species

1991

recorded

%
Poor (Control) 73 74 +1

Poor + furrow + grazed 81 60 -26
Poor + furrow + exclosure 68 29 -57
Moderate 46 40 -13
Good 48 45 -6

Table 2 - Changes in bare ground % from 1986 to 1991

Contour furrowing decreases bare ground % however, reduced grazing pressure
and furrowing created the conditions necessary for an improvement in condition
(change of state) to occur on the poor site. (Reduced grazing pressure can
be by control of rabbits, goats, kangaroos and /or livestock or through higher
than average rainfall events).
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Artificial Gilgai Development

Artificial run -on zones were created over a three year period. The separation
of run -on and run -off zones contributes to improvements in ground cover. The
degradation process is closely related to moisture harvesting ability. As
bare ground % is similar between upper furrow zones and poor (control) site,
the additional cover along the furrow is the bonus in terms of stability.

Table 3
Bare Ground % Stable Ground Cover % Total Spp
1986 1991 1986 1991 1986 1991

Lower Zone
(run -off)

92 16 2 50 6 27

Upper Zone 80 65 11 12 14 15
(run -on)

Table 3. Effect of contour furrow run -on /run -off zones on measured parameters

DISCUSSION AND CONCLUSIONS

This investigation highlights the need to:

1) Define Good, Moderate and Poor Condition (for each landtype) in
relation to what is currently considered important.

2) Understand which parameters can be used as indicators of condition and
how these parameters vary under climate and management.

3) Determine the level of management intervention required to achieve
desirable changes in Condition State.

These results provide evidence of the benefits of Contour Furrowing as a
rangeland reclamation technique. Under heavy grazing furrowing reduced bare
ground % by 26% and increased the total number of species recorded. Heavy
grazing however prevented increases in stable ground cover.

Bare ground % is useful as an indicator of the ability of the landscape to
harvest seed, water and dung (nutrients).

Stable ground cover % is useful as an indicator of stability of soil and
pasture when comparing within particular land unit types.

Total species present is useful as an indicator of the temporal stability of
the pasture (and therefore soil) under highly variable conditions.

To be meaningful, these important RELATIVE indicators of stability and
productivity need to be compared with benchmarks (actual or subjective) over
reasonably extensive time periods.

This investigation also demonstrated the potential to establish artificial
contour linear gilgais by contour furrowing. This is indicated by the
divergence in the upper (run -off) and lower (run -on) furrow zones in bare
ground %, stable ground cover %, and total species. This divergence
illustrates the relationship between moisture availability, run -off and
rangeland deterioration. In this investigation the similarities between the
poor site and the upper run -off furrow zone suggests that the gains from
furrowing can be measured by the additional vegetation growth in the run -on
furrow zone.
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RANGELAND ASSESSMENT WITH SATELLITE -BASED GRAZING GRADIENT METHODS

Gary Bastin, Vanessa Chewings and Geoff Pickup,

CSIRO, P.O. Box 2111, Alice Springs NT 0871

INTRODUCTION

The arid zone is characterised by episodic rainfall events which produce
infrequent vegetation growth pulses (Pickup, 1989). This vegetation then
senesces and decays, or is consumed by herbivores. The magnitude and
composition of the vegetation pulse is controlled by position in the landscape
(soil fertility, additional run -on) and is also affected by grazing history.
However, the effect of past grazing is often very difficult to determine in
spatially complex landscapes receiving seasonally variable rainfall.

Ground -based monitoring systems are now well established in most states.
Methods used generally recognize the importance of quantitative data and
multivariate analysis techniques. However, the problem remains that
point -based assessments are labour intensive and widely spaced. They often
have difficulty in separating human- induced change from background natural
processes (Pickup, 1989).

A satellite -based approach to land assessment utilises the advantages of
repetitive and complete data coverage for areas of interest. Procedures are
now available for the rapid processing of digital data to provide an index of
vegetation cover (Pickup et al. 1992). The results of spatial and temporal
analyses that have allowed grazing impact to be determined from Landsat MSS
data over large areas are described in this poster.

GRAZING GRADIENTS

Grazing pressure is focused on the watering point in most arid zone paddocks.
Vegetation cover typically increases away from water as trampling and grazing
effects decrease producing a 'grazing gradient' (Pickup 1989). Cattle also
display a preference for communities with palatable species and the different
vegetation types within a paddock can have markedly different cover levels
with distance from water. Vegetation cover increases after rain and the extent
to which the grazing gradient disappears across an entire vegetation type
after very good rains provides an assessment of land degradation (Pickup and
Chewings, 1992).

METHODS

65000 sq km of the southern Alice Springs district located under Landsat path
102 were examined using the grazing gradient method. Data were acquired for
a dry period (February 1988) and following good rains (June 1988 and May 1989)
of up to 350 mm. These data were radiometrically standardised and
geometrically rectified before being used to compute seasonal indices of
vegetation cover. Spatial information including land system boundaries and the
locations of 3500 km of fencing and 420 waters were digitised and merged with
the multitemporal vegetation indices in a geographic information system.
Average dry and wet period vegetation cover at increasing distance from water
was then calculated for 25 of the more extensive land systems within 220
'paddocks' across the region. This required approximately 1000 separate
analyses. Paddocks ranged in area from <10 sq km to >3000 sq km.

RESULTS

The contrasting behaviour of highly preferred and 'desert' type country is
summarised below. Alluvial plains adjacent to the Todd River and other major
creeks in the northern part of the analysis region have a distinct dry -period
cover gradient (Fig. la). On average, insignificant vegetation recovery
occurred across the 700 sq km of Todd land system following approximately 200
mm of rain in March 1988. Cover levels diminish at the watered extremity of
the land system due to the more open nature of small, and isolated, clumps of
this country. In contrast, spinifex sandplains are generally avoided by cattle
and there is minimal grazing impact across the 2800 sq km of Singleton land
system (Fig. lb).
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Figure 1. Average wet- and dry -period cover levels for Todd l.s. (1a) and
Singleton l.s. (lb) at increasing distance from water. February 1988 MSS data
was used to estimate dry -period cover while wet -period cover is derived from
June 1998 MSS data.

Reduced perennial grass cover, increased run -off and past soil erosion
contribute to the lack of cover response following rain on Todd 1.s. The sandy
soils of Singleton l.s. retain good infiltration and the generally unpalatable
grass and forb species grow well after rain.

The presence of grazing gradients in satellite data is verified by ground
truthing. Intensive sampling with the wheel point apparatus at one bore on
Todd l.s. has revealed a distinct gradient of increasing herbage and litter
cover with distance from water. Highly significant correlations (R2>0.65)
exist between this data and the contemporary satellite- derived vegetation
cover index.

DISCUSSION

The grazing gradient method has allowed us to characterise past grazing
effects over the entire analysis region in a rapid (<2 years), objective and
consistent manner. The results show that those land systems which are highly
preferred by cattle have the most persistent wet -period grazing gradients.
This indicates that vegetation recovery is retarded by past grazing practices.
Future analyses can be rapidly conducted in an identical manner by updating
the multitemporal satellite data base.
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RANGELAND ASSESSMENT IN N.S.W.

Daryl Green

NSW Conservation & Land Management, Condobolin

INTRODUCTION

Rangeland monitoring in its various forms is recognised as being important to
the understanding of rangelands and to the successful development of rangeland
management systems.

Management options in rangelands are largely limited to the manipulation of
the intensity and duration of grazing pressure and the infrequent use of
prescribed burning.

The understanding of range systems depends greatly on the knowledge of the
spatial distribution of like types of country (range types) and on an
understanding of the reactions of those range types to applied stimuli.
Therefore any Range Assessment Program needs to take account of the dual
strands of Range Inventory and Range Monitoring.

Range Inventory

Within NSW, Conservation and Land Management (CaLM formerly Soil Conservation
Service) has had a long involvement in the mapping of the semi -arid
rangelands. The initial inventory map of the semi -arid rangelands of N.S.W.
was produced for the S.C.S. by Beadle (1948). In more recent years CaLM has
carried out two levels of land inventory mapping; Land System Maps - for a
regional base and Property Plans (PP) - on a property level. The land system
maps were developed for the broader use of the land researcher /administrator
so that regional planning can be done on a resource related basis. The details
of PPs are appropriate for the determination of individual property management
and are particularly useful in determining range assessment site locations.

Range Monitoring

In rangelands the outcome of a particular land use or management strategy
cannot be predicted with any degree of certainty. Rainfall is variable,
episodic climatic events have a disproportionate impact on the country and
interactions between vegetation, grazing and fire are complex. This spatial
and temporal variation dictates that the most appropriate knowledge gathering
exercise in the rangelands is through the monitoring of the response of the
rangeland to climate and management over time.

The Present Monitoring System

From trials and analyses of various techniques, the present monitoring system
has been developed for N.S.W.

a) Site Location - Major range types have been identified from land
system maps with sites being located on representative areas.

b) Site Characteristics - Each site is selected on the basis of parameters
such as distance from permanent water (1.5 -3.0 km), ease of access,
representativeness etc. The sites are located on areas of uniform country
and are 500 m x 500 m. Within this, a central area of 300 m x 300 m is
measured.

c) Measurements

1. Chenopod Shrubs: measured, where significant numbers are present,
using belt transects to obtain density readings.

2. Woody Shrubs and Trees : Percentage canopy cover of shrubs and
trees by step -point sampling is used. Seedlings and juveniles are
recorded on pasture quadrats.
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3. Ground Species - Pastures: the modified Dry Weight Rank (DWR) and
Comparative Yield (CY) methods (Friedel and Bastin 1988) are used to
measure composition, biomass and species frequency.

4. Soil Surface Characteristics: The soil surface within each quadrat
is assessed for both soil erosion status and soil surface stability.

5. In addition to the soil- vegetation measurements, general recording
of other parameters is made. These include:

- A photograph of the site.
- Landholders stocking figures for the paddock
- Nearest rainfall recording
- General observations as to seasonal conditions, fire
history, pasture utilisation levels, evidence of feral
animal activity etc.

d) Analysis - All site information is entered into a central database for
analysis. Direct entry via electronic recording is operational.

Additional Range Sites

The above details the main Range Assessment Program that is being implemented
by CaLM in semi -arid Western N.S.W. Additional information on range condition
and trend will also be obtained from related programs.

a) Research and Special Sites - If suitable for the requirements and
aims of a research or investigation program, the methodology for the
range monitoring site program is to be applied to that particular
investigation. This may be used for vegetation studies in association
with land rehabilitation techniques, exclosures, grazing trials etc.

b) Grazier Pasture Assessment Sites - This program has been implemented
for several years and is based on the premise that the best people to
assess the rangelands are the managers themselves.

The information gained from these studies will be used to complement the
general information acquired under the Range Assessment Program.

OVERALL VIEW

Within the Western Region of N.S.W., CaLM has a considerable amount of data
relating to land resources and to land management. The Range Assessment
Program is aimed at linking these together and increasing the amount of
available land management data.

The Range Assessment Program also has a specific aim to involve the direct
land managers, ie the landholders, in the assessment process. The program
depends on the land manager for a significant input of data and in discussions
of changes in the rangeland over time. The value of this interaction between
the Range Manager and the Range Advisor cannot be over emphasised.

There has been considerable discussion on the frequency of measurement. At
this stage annual measurement of the monitoring sites is carried out. This may
be modified in the future to allow more sites to be measured, but at wider
intervals. Analysis of data collected over the first five years of the program
will help clarify both the appropriate time interval between measurments and
the degree of detail required in the measurement process.
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RANGELAND ASSESSMENT PROGRAM: NEW SOUTH WALES
DATA MANAGEMENT

David Hart

Department of Conservation & Land Management, Condobolin.

INTRODUCTION

The Rangeland Assessment Program is a long term activity in NSW to monitor
patterns in range condition and trend, and to develop extension contacts
between CaLM staff and landholders focussed on range management issues. CaLM
staff collect data annually from 330 permanent sites. Landholders collect
management and rainfall figures. Information is exchanged and discussed during
site visits. The program regularly generates massive volumes of data that need
to be stored and manipulated in a computer data management system.

DATA MANAGEMENT SPECIFICATIONS

A system to manage the data needs to:

* faithfully record site data
* intercept errors and missing data
* enable data to be checked for validity
* safeguard data against corruption or loss
* store raw data
* manipulate and transform raw data into required outputs
* minimise delay between data collection and production of outputs

INPUTS - TYPES OF DATA COLLECTED

A site is defined by four 300m long transects. On each visit information is
collected along transects, within 52 regularly spaced quadrats and from the
whole site. As well, records are kept of invariant site data such as soil
type, paddock area, distance to water.

Transect data
* density of bushes, percentage canopy cover of shrubs and trees measured

by Belt Transect and Step Pointing

Quadrat data
* biomass and frequency of pasture plants (grasses, forbs) measured by

Dry Weight Rank and Comparative Yield
* soil surface cover ranking

Whole site data
* assessment of range condition on a 5 point scale
* description of indicators of range condition
* management recommendations
* stock movements in and out of the paddock containing the site
* management actions and environmental events affecting the site
* monthly rainfall

All plant abundance data is collected at species level using 4 character code
symbols to denote botanical names.

OUTPUTS

Calculations are performed on the quadrat and transect raw data measurements
to produce a site summary in two major formats:

* summary text files and database files listing
- abundance, lifeform and desirability of plants species
- soil surface cover
- whole site data
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The text files are printed as reports to be given to landholders with an
added photograph of the site.

* Sites x Attributes matrix for multivariate analysis where attributes
include plant species abundance, soil surface cover and other site data
such as soil type, rainfall, management, range condition rating.

IMPLEMENTATION - STAGE 1

At present data sheets filled out by field staff and landholders are sent to
Condobolin where a data entry operator enters them into a computer database.
dBASE IV programs have been developed to provide data entry control, detect
errors and missing data, check data, perform calculations, summarise the data
and generate reports. The most frequent data problems are missing data and
invalid or illegible plant species codes. The drawbacks of these procedures
are:

* late error interception and difficulty in making corrections
* a second handling of the data which introduces further errors
* a slow labour intensive process
* delays in the production of outputs
* centralised control of information remote from the field staff

IMPLEMENTATION - STAGE 2

Data sheets are about to be replaced by an Atari Portfolio palmtop computer
as the means of data collection. CaLM is developing a QuickBASIC data entry
program for the Atari, now in its final stage of field testing. The Atari data
files will be downloaded to office computers running the existing dBASE IV
programs. When fully operational the Atari will provide:

* storage capacity on RAM cards for one week's worth of field data
* field operation for 100 hours on a set of replaceable D cell batteries
* operation by means of menus and prompts allowing ADD, EDIT, VIEW and

SUMMARY of data
* data entry at usual field speed (about 2 minutes per quadrat)
* entry of species codes from the keyboard or programmable function keys
* structured data entry:

- defined formats to accept quadrat, transect, whole site data
- selection of alternate formats while walking a transect
- warnings of duplicate or blank data

* error interception for:
- invalid species codes
- plants entered into incorrect vegetation layer(pasture,bush,tree)
- rare or unlikely species for the habitat

* data summary:
- species list for a site showing biomass, % frequency, % canopy cover,
density
summary of soil surface conditions

The program has been written to be modifiable to allow for any future changes
in the data collection techniques.

CONCLUSIONS

The large volume of data regularly generated by the Rangeland Assessment
Program requires an integrated system of field and office computers to capture
data, control its structure and content, store it and perform summaries and
analysis. The dBASE IV and QuickBASIC programs being developed by CaLM aim to
give:

* a fully electronic system where data is entered once in the field and
then managed by computer

* minimal delay between data input and production of outputs
* information control decentralised to field staff.
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MONITORING SEASONAL CHANGES IN RANGELANDS BY SATELLITE

P.G. Filet, G.S. Dudgeon2 and T.J. Danaher3

QDPI, Emerald 4720. 2NSWA, Orange 2800. 3QDPI, Indooroopilly 4072.

ABSTRACT

Satellite images, derived from NOAA data, can describe seasonal changes
that occur in rangelands. Change in green pasture cover are the major
cause for changes between monthly satellite images. Despite a State -wide
distribution of images, use by Departmental staff and producers appears
restricted. Integration of NOAA data with spatial models may help overcome
some of the current limitations.

A NEED

Australian rangelands are managed using a variety of strategies, but no one
strategy alone will ensure the most effective use of the grazing resource.

In grazing enterprises, decisions in herd management, strategies to
maintain feed reserves and plans for property development are all examples
of activities that require a current "picture" of the grazing resource.
Broad scale NOAA imagery can provide such a "picture" at a scale suitable
for rangeland management and at a frequency that ensures that changes in
the rangeland are detected.

Government agencies that are involved in monitoring regional seasonal
conditions in rangelands need to evaluate how effective rains have been and
over what parts of the region conditions are poor. For a timely assessment
NOAA imagery can meet this need and will provide a current base from which
future trends may be foreshadowed.

WHAT DOES NOAA IMAGERY INDICATE?

The reflected radiation types (namely red and near infra -red) that form
part of the NOAA NDVI (Normalised Difference Vegetation Index) image
indicate the chlorophyll content of vegetation and thus the image can be
used to depict density of green foliage (Tucker and Sellers 1986). The
minimum ground resolution that NOAA can detect is 1 km2.

Ground truthing of NOAA imagery for a range of native pasture types in
Queensland was undertaken during 1989 to 1991 (Filet et al. 1990). The
most consistent relationship was between green pasture cover ( %) and NDVI.
At some sites the yield of pasture also affected NDVI. The sensitivity of
NDVI change varied between pasture types. In western arid Queensland,
increases in forb green cover (e.g. 5% change) of the mulga lands were
detected immediately, whereas in blackspear grass pastures in eastern
Queensland, significant changes in green grass cover (e.g. 10 to 15 %) were
required for changes in NDVI to be detected.

A wide range of seasonal conditions were experienced during ground truthing
and a time series of images, at either a property, regional or state scale,
clearly showed when and where seasonal conditions had increased or reduced
the cover of green vegetation.

LIMITATIONS TO INTERPRETATION

The presence of woody perennial overstorey or understorey will cause the
NDVI to remain high while the pastures below are no longer green. This
problem can be overcome to some extent by interpretation of a series of
images rather than an individual "one month" image.

Rangeland interpretation with NOAA imagery is limited to the comparisons
within the same pasture community type. Because of the low resolution,
individual species identification by the image is not feasible.
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ACCESS TO SATELLITE IMAGERY

The NOAA imagery for the east coast of Australia is purchased from CSIRO
Division of Oceanography, Hobart, each month. The data is supplied
preprocessed which includes compositing of imagery from ten NOAA passes,
calculation of NDVI, rectification of the image and a reduction in the
effect of cloud (Dudgeon et al. 1990). This imagery is available within a
few days of the compositing period. Australia wide NOAA coverage, produced
fortnightly, is also available, but there are delays in processing the
data.

There are moves to establish a consortium of NOAA data users to lower the
cost of imagery for participating organisations.

CURRENT USES

In Queensland, monthly NOAA images are distributed to stock inspectors at
all regional QDPI centres. During the 1991/92 "drought ", NOAA images were
used by some officers when liaising with local drought committees.
Individuals who made most use of the images for clients were those who had
experiences with maps and /or spatial information.

The QDPI Drought Research Group has produced a tree foliage map of
Queensland from NOAA imagery. Significant correlations between ground and
air photo measurements of tree foliage projected cover were measured for a
range of tree covers. This map will ensure valid interpretation of
seasonal changes in pasture conditions under trees.

FUTURE NEEDS

Integration of NOAA satellite imagery with spatial models (e.g. pasture
growth models) will allow production of maps which may foreshadow future
seasonal rangeland conditions.

To ensure benefits for all Australian rangelands, a timely supply of
Australia wide data is required. The reliability of the data will also be
improved as better methods for cloud identification are developed.
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ABSTACT

DEVELOPMENT OF GRASSLAND MONITORING TECHNIQUE

D.M. Beurlel, P. Novelly2, R.B. Hacker3
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2Department of Agriculture, W.A., Kununurra
3N.S.W. Agriculture and Fisheries, Dubbo

The Department of Agriculture, Western Australia has completed development of
a ground based monitoring system for grassland pastures in rangelands. The
monitoring system has been divided into two components, a pastoralist
management decision aid and a rangeland trend assessment. The rangeland trend
assessment system consists of objective vegetation measurement, soil surface
condition and erosion assessment, and photographic records.

DEVELOPMENT OF GRASSLAND MONITORING TECHNIQUE

Making appropriate long term management decisions relies on having objective
information on current rangeland condition trend and magnitude of changes.

The Department of Agriculture, Western Australia has completed development of
a ground based monitoring system for grassland pastures in rangelands to
provide such information.

The monitoring system has been divided into two components:

* A pastoralist management decision aid
* A rangeland trend assessment

The pastoralist component is designed to help with season -to- season management
decisions at a paddock level. It is based on fixed photographic sites.

The rangeland trend assessment component will provide aggregated trend
information at a catchment, regional or statewide level. Sites will be
selected on a stratified basis and will cover major pasture types and
representative condition classes.

The rangeland trend assessment system consists of objective vegetation
measurement, soil surface condition and erosion assessment, and photographic
records.

The objective data collection techniques have been exhaustively tested and
selected on the basis of being repeatable between operators, efficient to
record and providing simple data sets. Techniques tested were those providing
some measure of basal cover and species composition. Wheel point method and
use of photographic standards were rejected, with frequency being selected.

Vegetation parameters recorded on monitoring sites are species frequency and
shrub cover. Soil surface condition and overall site erosion ratings is
recorded.
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ORDINATION METHODS TO ASSESS PASTURE CONDITION

A.M. Ke11y1 & J.J. Bushe112

1Qld Department of Primary Industries, PO Box 102, Toowoomba 4350.
2Qld Department of Primary Industries, PO Box 519, Longreach 4730.

ABSTRACT

Pasture condition can be assessed by comparing species occurrence across a
range of sites. Ordination techniques simplify these multi- attribute data
and display differences between sites, To interpret this pattern, the
species distributions are mapped over the site configuration. This
technique is applied to a data set from the northern Mitchell grass
community around Julia Creek, where the species frequencies of 48 permanent
monitoring sites have been measured. For a recording in May 1991, Astrebla
spp and Iseilema spp contributed most to the site pattern. Their direction
of increase in frequency across sites is opposing but not exactly opposite,
indicating some degree of interaction. This, together with other variation
inherent in the data, requires at least two dimensions of the ordination to
adequately represent the site configuration. For some site /season
combinations, condition is dependent on complex species relationships and
cannot be reduced to a simple pattern or a single condition index.

INTRODUCTION

When assessing the pasture condition at a site, measurements are made of
species occurrence and soil properties. Such data must be simplified for
interpretation; the challenge is to reduce the dimensionality with minimal
distortion or loss of information. Multivariate techniques, primarily
ordination, have been applied to this type of data. Reviews on the
strengths, weaknesses and dangers of these techniques are well documented
(for example, Austin 1980, James and McCulloch 1990).

An ordination displays similarities between sites based on the measured
attributes. To understand the pattern in these site distributions, one
imposes the attribute data over the pattern of sites.

This application of an established technique highlights the importance of
higher order dimensions in an ordination, where information contributed by
each species can be displayed in a complementary way. It also follows the
concept of Stuart -Hill and Hobson (1991) in that 'condition' is dependent
on the purpose for which each individual wants to use the rangeland. Thus
a pattern is displayed, but any subjective interpretation is left to the
viewer. The approach used here reduces a complex pattern to a
comprehensible level, but does not take it to the extreme of a single
index, such as a condition score.

METHODS

Forty -eight permanent recording sites were set up in the northern Mitchell
grass community around Julia Creek, Queensland (lat 200 39', long 1410
45'), in January, 1990. The sites were deliberately selected to cover a
range of pasture condition following the method of Bosch and Gauch (1991).
Recordings of the species encountered at each of 300 step points have been
made in January 1990, May 1990, and May 1991. Of the 70 to 95 species
encountered at each recording, some were combined to form common species
groups, and then the set was reduced to those species occurring at a
minimum of three sites.

The ordination technique of hybrid multidimensional scaling (Faith et. a1.
1987) was applied to the data to reveal the pattern between sites. Two
dimensions were selected for the ordination, based on a stress value of
0.19 which is barely in the acceptable range recommended by Kruskal (1964).
One of the recording times, May 1991, has been chosen to demonstrate the
results. For this recording time, 41 species were used in the ordination.
Seasonal conditions prior to May 1991 were a very wet summer (531 mm in the
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December to February quarter at the Julia Creek, Post Office) followed by a
dry autumn.

RESULTS

A display of the similarities between the 48 sites is only meaningful when
species information is superimposed. Figure 1 shows the pattern between
ggthe sites and the occurrence of the two most discriminatory species;
Astrebla spp (Mitchell grass) and Iseilema spp (Flinders grass). The
frequency of Astrebla spp ranged from 8 to 74 %, while Iseilema spp varied
from 0 to 90 %.

In Fig. la a small number of sites have a high proportion of Astrebla spp
and are closely grouped showing a high level of similarity. The
configuration then rapidly expands in a fan- shaped fashion where sites with
equivalent levels of Astrebla spp are a distance apart. The change in the
frequency of Astrebla spp does not fully explain the pattern across sites.
Extra explanation is offered for the same spatial configuration of sites by
the distribution of Iseilema spp in Fig. lb.

Axis 1
M M

y Y Y

M

Y

M

M

M M
M.

M
RA

Axis 2

Peroentegaof Astral,' spp ata ste
< 20% u 20 -3596 M 3660% M )60%

(a)

Axis

r

F, .

F F

F

F FF

Axis 2

Paoerage d Isedana stgoaf a site

<10% . F 10-30'!o- f 30-50'/a F a60'h

( b)
Figure 1: A two -dimensional ordination of the 48 monitoring sites, superimposed with

(a) the percentage of Astrebla spp at a site,
(b) the percentage of Iseilema spp at a site.

The sites with a high frequency of Iseilema spp are closely grouped (Figure
1b), and frequency then decreases across the sites in a fan - shaped manner.
The direction of decrease however, lies across, but not solely opposite to,
the direction of change in Astrebla spp. This indicates an interaction
between the two species. Other minor species contributing some information
to the pattern of sites are Panicum spp, Streptoglossa spp and Eragrostis
spp, which varied in frequency from 0 to 40 %.

DISCUSSION

The insight gained by considering species other than Astrebla spp alone
complements the information about any site, even though this species is
dominant in the community. To quantify the interaction between species it
is necessary to consider at least a two- dimensional configuration of sites.
Also the stress level of the ordination technique indicated that at least
two dimensions were required for an adequate representation of the pattern
of sites. This supports the idea that expressing condition in terms of a
single dimension may not always provide an adequate description of a
complex system, particularly in the presence of interactions.' A further
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technical reason for considering the higher dimensions of the ordination is
to allow for a nonlinear response of species to gradients (Austin and Noy -
Meir 1971). Other techniques such as Principal Components Analysis
restrict the response to be linear.

The interpretation of either ordination axis as a condition gradient would
be misleading in the presence of the interaction. The extremes of a
gradient tend to be well- defined with high frequencies of Astrebla spp
occurring with low levels of Iseilema spp and vice -versa. However the
middle range is more difficult to interpret as a variable frequency of
Iseilema spp can be found with any given frequency of Astrebla spp. The
minor species offer some explanation of this variation. For this
particular configuration of sites and underlying species distributions,
there does not appear to be a simple solution to the assessment of
condition.
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VIVA: A DIGITAL IMAGING TECHNIQUE FOR REPEATED RECORDING OF PLANT
POPULATIONS ON _PERMANENT PLOTS

D.A.Roshier7, S.J.Lee2 and F.T.Borelandl

INTRODUCTION

NSW Agriculture, PO Box 459, Broken Hill. NSW. 2880:-
40 The Avenue, Armidale. NSW. 2350

Demographic approaches to understanding change in plant populations have
been advocated by Austin (1981) and others. However, few studies of plant;
population dynamics in arid and semi -arid environments have involved large
numbers of plants and data sets have often been inadequate (Gardiner and
Norton 1983).

Photographic techniques have been used to increase scale and speed of data
collection (Hacker 1978, Owens et al. 1985). However, these require manual
transformation of individual elements in the photographic image onto.charts.,.ï
or into Cartesian co- ordinates. This is time consuming and requires a
second trip into the field to ground truth the data.

The VIVA system has been designed to collect serial dateon individual,.
plants from live video images of permanent plots but has the flexibility to
collect data from photographs.

THE VIVA SYSTEM

VIVA (Video Imaging of Vegetation Attributes) is a menu -driven, PC -based
program which records the position and attributes of individual plants.' It
operates in the Microsoft Windows .3.0-environment and has on =line help.

The system has three subroutines:,
the species subroutine; in which' various :`descriptive' data.: abont,rthet

species to be measured are listed;
- the measurement subroutine, in which sites are described quadrat co-
ordinates entered, individuals -located, individual plant attributes
recorded, and previous samplings'and individual'' plant attributes`recalAed.,
- the plot routine, in which charts of -the location and diameter of
individual plants can be produced for particular species or dates on a
particular plot.

A separate reports routine enables; individual records to be printed by
site or date; site or sampling reports to be generated; subsets of data to
be created; and data to be saved in a format suitable for importation into
dBase IV.

OPERATIONAL PROCEDURE

Once set up over the plot to be charted the system displays a live video
image of the plot and a cursor is displayed on the screen once site name,
plot name and a code for the species to be sampled have been entered or
selected from the menus. Four permanent markers on the plot are then
located in the image and plants recorded at the previous sampling date are
written to their correct screen co- ordinates with respect to the markers.

Individuals that were recorded on the previous sampling appear on the
screen as a red square. Plants that were sampled at a previous sampling but
not the one immediately prior to the current sampling appear as an open red
box

Once located with the cursor a new plant appears as a green square and
attributes of that individual can be entered through a menu system. Age
(seedling /juvenile /adult), phenological stage (vegetative/pre -
flowering /flowering /fruiting /post fruiting /dry), sex (male /female /unknown),
diameter, number of reproductive units and an estimate of percent
utilisation can be recorded. If the plant has been sampled previously the
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square changes colour from red to green once it has been selected and the
previous values of the attributes being measured are recalled. These values
can then easily be edited and saved to the current sampling.

DISCUSSION

The VIVA system is being used to study the population dynamics of four
grasses and three shrubs in the chenopod shrublands of western New South
Wales, Australia. Regular sampling of 120 4x3 metre permanent quadrats has
produced serial data on over 13,000 individual plants.

The VIVA system has a number of advantages over the previous chart mapping,
pantograph and photographic techniques. Compared to the photographic
technique of Owens et a1. (1985) it saves establishment time (3 -5 minutes
compared to 45 minutes), ground truthing (10 -70 minutes per plot) and
travel time. It also enables relevant demographic data to be collected as
each individual plant is located. This is not possible with photographic
techniques. The ability to display on the screen the location of previously
sampled individuals for any specified time frame and recall their
attributes is particularly useful for rhizomatous species.

The ability to recall previous data in the field during a sampling and to
correct erroneous data easily is a major advantage of the VIVA system.

Although developed specifically for demographic studies in arid and semi-
arid ecosystems the VIVA system can used for any scale study in which
individuals are identifiable on permanent plots. It will enable demographic
approaches to understanding vegetation change to be undertaken at larger
scales and in environments where previously logistic constraints had
precluded such approaches.
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REFERENCE AREAS FOR RANGELAND MANAGEMENT,
HOW SHOULD WE USE THEM?

A. Valamanesh1, M.H. Andrew & R.T. Lange2

Dept. Environmental Science and Rangeland Management, Roseworthy Campus,
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ABSTRACT

This paper describes work in progress to examine how best to set up and use
reference areas, particularly in the framework of the South Australian
Pastoral Land Management and Conservation Act (1989). The preliminary
examination of data from the South Australian rangeland exclosures reveals
difficulties with using the long -term exclosures as benchmarks for rangeland
assessment. The problems include: statistical validity, impact of other
herbivores and vegetation dynamics. Thus other alternatives to exclosures
as reference areas will be explored.

INTRODUCTION

The use of "reference areas" in the form of fenced stock exclosures has long
been regarded as a key component of rangelands monitoring procedures. Indeed
the South Australian Pastoral Land Management and Conservation Act (1989)
makes specific provision (Section 44) for reference areas to be established
throughout the State's 40 million hectares of pastoral lease lands.

Many fenced exclosures already exist in the pastoral lands, about 25 having
been erected by various governmental and university agencies in last 20 years
alone, leaving aside the older exclosures.

Studies of these exclosures (being undertaken by A. Valamanesh as a Ph.D.
project and supervised by M. Andrew and R. Lange) show that their usefulness
cannot automatically be taken for granted. There are various problems that
qualify their usefulness, and these must be taken into account before any new
installations are attempted.

SIZE AND REPLICATION

One of the important technical shortcomings of the existing exclosures is that
they are too small (50m x 50m) to include the natural compositional variations
in the vegetation that occur within the paddock. Also their lack of
replication adds to the difficulties in distinguishing the effects of grazing
from natural variations in vegetation composition. Even if the size of
exclosures could be large enough to cover the spatial variations within a
paddock and could be sampled satisfactorily, there is still the problem that
neighbouring paddocks will be different. That is, the results from an
exclosure may not extrapolate very far.

Obviously, the number of exclosures needed to satisfy sampling theory will
greatly exceed the number that can be afforded in practice.

Accordingly, arguments about implications of the observable effects of limited
exclosures, will have to be persuasive without appeal to much replication.
A single exclosure still is persuasive, if it alone contains vegetation in an
otherwise denuded landscape, for example.

Size and replication difficulties thus become less important as the management
deficiencies become more and more overt.

FERAL AND INDIGENOUS HERBIVORES

The design -complications of exclosures depend greatly upon locality, where the
effects of feral and indigenous herbivores have to be distinguished. Some
existing exclosures (e.g. on Todmorden Station in the State's far north) lack
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rabbit -netted areas on the argument that rabbits are never a problem there.
This sort of economy is liable to the criticism that actual problems could be
obscured by predefinition that they do not exist! On the other hand,
expensive resources cannot be deployed on the off -chance that a negligible
influence might inexplicably increase in the near future.

Similarly, what might appear at first sight to be self -evidently correct, can
prove wrong in practice. An example from the existing exclosures is the
extent to which kangaroos actually spend more time per unit area inside
typical stock proof exclosures, than outside them (Andrew and Lange 1986).

VEGETATION DYNAMICS

The foregoing problems aside, there is still the issue that the contrast
between vegetation inside a fixed exclosure, versus vegetation outside, is not
liable to one consistent sort of interpretation.

For example, the contrast observed after the first year of exclosure might be
reasonably attributable to stocking differences. The observed contrast in
subsequent years, however, is not a contrast between situations of equivalent
starting condition (the condition within the exclosure started with one year's
prior protection , the condition without the exclosure did not, and so on).
This effect increases with time, forcing the time -scale of interpretation into
ever coarser units.

Where management -related observations are required to relate year -by -year
events, a system of shifting or rolling exclosures will be required.

EXCLOSURES AS REFERENCE AREAS ?

A more fundamental question in whether exclosures are the best, or only, kind
of reference areas. Are the pieces of rangeland long -protected from domestic
stock the best benchmark for assessing the condition of rangelands?
Alternatives to fenced reference areas will be explored in this project.

While the focus is been on South Australian exclosures, the principles being
examined are universal. Thus we would be pleased to make contact with any one
with experiences, observation or case studies relevant to this project.
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THE CLASSIFICATION AND DISTRIBUTION OF
SEMI -ARID WOODLAND TYPES IN SOUTH -EAST AUSTRALIA

John Miller,

Ballarat University College, Ballarat, Victoria

INTRODUCTION

The native vegetation of the semi -arid woodlands of south -east Australia
provide the basis of a pastoral industry. The composition and distribution
of these woodlands is however poorly understood. This lack of knowledge is
contributing to the degradation and decline of the natural vegetation which
in turn contributes to the diminishing returns of the pastoral industry in the
area.

Detailed vegetation mapping of much of the area is lacking. Two previous
studies of the vegetation within the region have been undertaken. Beadle
(1949) provided a map and classification of the vegetation at the scale of
1:1,000,000 for the whole of Western N.S.W., and Fox (1991) has produced a map
for the Ana Branch 1:250,000 map sheet only.

These two studies provide an overview of the general vegetation types present
within the area. However both are limited by the scale of mapping. As a
consequence a great deal of information is obscured, in the mapping procedure
such that large areas are described as 'mosaics' of various communities, and
some communities are omitted.

To enable conservation and management for sustainable use it is essential that
all communities are defined and accurately mapped.

STUDY AREA

The study area is a rectangle at approximately 139 30 E to 143 30 E, and 32
S to 34 S, extending into Victoria, N.S.W. and S.A. covering an area of
approximately 100,000 sq.km. within the Murray Darling Basin.

In N.S.W. and S.A. the dominant land use is pastoral lease- hold, and in
Victoria it is a mixture of cropping, and conservation reserves with a history
of grazing.

VEGETATION COMMUNITY DEFINITION

The various woodland types and communities are being defined, based on an
intensive and extensive quadrat survey. The quadrat data is being analysed
using a computer based Flora Information System (F.I.S.) (Gullan, 1975). The
F.I.S. produces two -way tables and provides the basis for definition of
communities and sub- communities.

Vegetation "health" is being recorded at each site. Health in this instance
is a combination of empirical measurement of species presence or absence
together with a subjective assessment of plant condition. Both measures are
referenced to similar communities in the study area which are considered to
be relatively undisturbed and healthy.

Each quadrat is located ( +/- 30m.) using a Global Positioning System (GPS).

VEGETATION COMMUNITY MAPPING

Vegetation mapping is undertaken to provide a range of information which can
be quickly assimilated by the reader depending on their knowledge and biases.

A vegetation map can provide information about: what an area looks like; which
plant species are, and may be, present; which animal species may be present;
and as a basis for subsequent management decisions.
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A mapping system must reflect the end use of the information. As the end use
(and end user) becomes more sophisticated so the map must provide more
sophisticated information and at an appropriate scale.

To provide the type and scale of information required for management, the use
of Landsat Thematic Mapper (TM) satellite image data is being investigated.
The Landsat TM data has a ground resolution of 30m. and can differentiate
between landcover types (communities), cover abundance attributes, and health
of those communities (although this is more difficult to interpret). The end
mapping scale will be 1:100,000 with individual mapping units of around 1ha.

The Landsat TM interpretation is being undertaken with the aid of the
microBRIAN image processing system.

INFORMATION STORAGE

All of the vegetation information derived from the classification of
communities and the subsequent mapping will be stored in the computer based
Environmental Resource Management System (ERMS) - a Geographical Information
System developed by the New South Wales National Parks and Wildlife Service.
The ERMS will allow the recall of data in map form at any scale desired, and
the inclusion of additional data as it becomes available. The data relating
to N.S.W. will be incorporated with the ERMS database held by the Western
Region of the Department of Conservation and Land Management.

The end product of the research will be a map of the non -eucalypt semi -arid
woodlands to an accuracy of +/- 100m. (1 ha. units). Each vegetation unit
will be defined and where possible relative health will be included.

The study is part funded by the Murray -Darling Basin Commission through an
NRMS grant.
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BRIGALOW OUTLIER :
A resource inventory of the Brigalow vegetation -communities

west of the Culgoa River

Therese Wade

Dept of Conservation and Land Management, NSW

INTRODUCTION

Brigalow (Acacia harpophylla) communities once covered six million hectares
in Queensland and northern New South Wales. Brigalow vegetation occurs west
of the Culgoa river in New South Wales and this is the only, large area of
this vegetation remaining in this State. In recent years a conflict has
developed between the management of this resource for grazing and the
protection of its conservation value. A resource inventory was needed to
guide government policy on clearing of this vegetation.

The objectives of the Brigalow Resource Survey were:

To determine the extent, variety and level of modification of
the brigalow vegetation communities

To identify the flora and fauna species of these communities

To clarify the impact of modification for grazing on the
natural communities

BACKGROUND

The significant conservation value of the brigalow communities in this area
is well established by the literature (e.g. MDBMC, 1987). The grazing value
of the natural communities, however, is low and leaseholders -have sought
permission to clear or thin the tree layer. This requires approval from the
Western Lands Commissioner (Western Lands-Act 1901 (NSW)). Permission
cannot be given without full consideration of the impact on the natural
environment (Environmental Planning, and Assessment Act 1987 (NSW)).. This
impact could not be assessed without information on the extent and
composition of these communities.

METHOD

The vegetation of the area was mapped from aerial photographs. Vegetation
was classified into "types" based on the dominant species of the tallest
layer. The brigalow communities were further classified according to the
level of modification of the tree layer.

A flora and a fauna survey were conducted concurrently over a two week
period in October 1991. Climatic conditions over the 18 months preceding
the survey were extremely dry.

The fauna survey was carried out by the Royal Zoological Society of New
South Wales (Ellis and Wilson, unpubl.). Further information was provided
by H. Parnaby of the Australian Museum who conducted an independent survey
during November.

The flora survey sampled 55 sites across the range of brigalow vegetation
types and modification classes. This survey was carried out with assistance
from the New South Wales National Parks and Wildlife Service.

RESULTS

The brigalow vegetation communities occur on level plains between the
floodplains associated with the Culgoa or Warrego rivers and a slightly
elevated band of ridges, sandhills and sandplain.
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Four "types" of brigalow vegetation were identified. Brigalow is a dominant
element of vegetation covering 146,000 hectares. Seventy nine percent of
this area has been modified. Half of the modified area has had a major
change in community structure. This includes nearly all the woodlands on
clay soils. The remaining area of unmodified brigalow woodland is 12,000
hectares and unmodified brigalow -gidgee woodland covers 18,000 hectares.

The flora survey identified 110 plant species in the brigalow vegetation
areas sampled. The erratic occurrence and low abundance of many species
limits the comparisons that can be made between vegetation types and
classes. However the species complement was compared to a species list of
brigalow communities in South Central Queensland (Neldner 1984). The
majority of the species recorded in this survey were not recorded in the
Queensland communities.

The Royal Zoological Society's survey has shown that the area is
particularly diverse in reptile species and insectivorous bats. Two of the
bats recorded in this survey and one recorded by the Australian Museum are
listed as threatened in Schedule Twelve of the National Parks and Wildlife
Act (1974). Two of the bird species recorded are also on this list.

CONCLUSIONS

Most of the brigalow vegetation in this area has been modified. The level
of modification is high in half the area affected and low to moderate
elsewhere.

No clear distinctions could be made between the floral composition of
different vegetation types and classes. More extensive sampling would be
needed to determine the impact of modification on brigalow communities.

The species and soil types occurring in communities in this area suggest
that they are distinct from brigalow communities found in Queensland.

The fauna identified in two limited surveys include species with
significant conservation value.

This project was sponsored by National Estate Grants Program
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ABSTRACT

Water infiltration into soil was studied before and after burning small
plots of Eragrostis eriopoda and Triodia basedowii in central Australia.
Fire had no statistically significant effect on sorptivity and did not
induce water repellence.

INTRODUCTION

Fire is widely used in rangeland management. Research in the USA (Krammes
and DeBano, 1965) indicates that fire can induce water repellence in semi-
arid rangeland soils. Any induced water repellence would be an impediment
to water infiltration during rainfall events, lowering soil moisture levels
and possibly affecting seed germination.

Savage et al. (1969) proposed that soil conditions conducive to fungal
growth were the most important factors in inducing water repellence and
that fire may simply aggravate an existing condition. These workers were
able to induce water repellence in sand fungal cultures by heating them at
temperatures in the range 200 -400 °C. These appear to be the critical
temperatures. Above 400 °C soil organic matter is destroyed and water
repellence lost.

Savage (1974) later pút forward a two -step mechanism for heat - induced water
repellence. Initially during fire, organic substances move from the
burning litter layer into the underlying soil. Later the heat moves down
through the soil "fixing" some of the more polar hydrophobic substances and
revolatilizing the less polar ones. Hence the water -repellent layer
becomes broader as it moves deeper. Most of the heat load imparted to the
soil surface comes from the smouldering litter layer (Scholl, 1975) and
significantly affects the extent of the induced water repellence.

In this study we used sorptivity as the main indicator of water repellence.
Sorptivity depends on the capacity of soil to adsorb water onto surfaces
and to absorb water into capillaries and should therefore be reduced by
water repellence. No previous measurements of this soil property have been
reported in the literature after fire in central Australia.

METHODS

Sites: The two sites in woollybutt (Eragrostis eriopoda) grassland (Mt
Riddock Station, NT; 134 °40'E, 23 °02'S) had been unburnt for at least four
years (R. Cadzow, pers. comm.). The two sites in hard spinifex ( Triodia

basedowii) grassland (Indiana Station, NT; 135 °26'E, 23 °20'S) had been
unburnt for at least 40 years (F. Bird, pers. comm). Both stations are
located north -east of Alice Springs, NT. These species were chosen because
they are low and compact, occur in relatively uniform stands and were
locally abundant.

Soils at all sites were uniform, coarse, siliceous red -brown sands.

Treatments: Infiltration measurements were carried out on bare ground
between plants, beneath single plants (the above ground parts of which had
been removed) and beneath single plants burnt in situ. Ten replicate plots
were recorded at each site.



The objective of the burn treatment was to simulate wildfire conditions.
An area of Approximately 1 re was burnt. Biomass density varied between
3.4 -3.6 kg/re dwt. Where necessary additional plant material of the same
species was added to achieve uniform fuel loads.

Infiltration Measurements: These were carried out using a disc permeameter
(Perroux and White, 1988). This device allows water to infiltrate into the
soil at controlled positive and negative pressures. In this study the
pressure potential was nominally zero. Where necessary the soil surface
was levelled using sieved surface soil (0 -2 cm depth) from an area adjacent
and equivalent to the infiltration site. For these coarse soils a
recording time of 6 -9 minutes was found to be sufficient. Sorptivity was
estimated using an infiltration model proposed by Philip (1975).

Surface Temperature: There was a single additional burn conducted at each
site to measure the soil surface temperature dynamics during fire.
Temperatures were recorded every minute for 15 minutes using a buried
thermocouple probe. The probe tip was within 3 mm of the soil surface at
the centre of the plant.

Soil Samples: A sample from each plot was analysed in the laboratory for
moisture content (drying at 105 °C for 48 hours) and water repellence using
the Molar Ethanol Droplet (MED) Test (King, 1981). A fifth of the samples,
chosen at random, were quantitatively analysed for clay and silt content.

RESULTS

There was no statistically significant difference (P<0.05) in sorptivity
beneath plants before or after fire. Sorptivity values between plants were
slightly higher than those below plants. The difference however was not
significant.

The mean soil moisture content of samples was less than 0.5 %. Clay and
silt contents were typically less than 3 %. Soil moisture and the clay /silt
content were both too low to influence infiltration appreciably.

Only in soil exposed to fire was water repellence induced (MED test). Of
these samples only 40% had this condition. The extent of repellence ranged
from low to severe based on the scale of King (1981).

DISCUSSION

No widespread or significant water repellence was observed despite the fact
that the lower specific surface area of coarse soils requires only small
amounts of hydrophobic materials to induce repellence. Tongway and
Hodgkinson (1992), using lower fuel loads and repeated fires, also found no
evidence of fire - induced water repellence.

Soil temperatures sufficient to induce repellence were only transient. In
both grassland communities there was rapid cooling resulting in low heat
loads. It appears that at least 10 minutes heating at or above 200 °C may
be necessary to induce or aggravate water repellence (DeBano and Krammes,
1966). Fuel loads of perhaps 5 -10 kg /m2 are probably necessary to achieve
this level of heating.

Some burnt samples did, however, develop a degree of water repellence (MED
Test). Results were not consistent throughout the whole soil sample
indicating that the hydrophobic materials present were localised. On a
landscape scale the repellence observed would be insignificant and should
have no serious effect on seed germination.
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ABSTRACT

The effects of two different grazing regimes on the surface soil properties
of a dunefield land system in the semi -arid woodlands of eastern Australia
were investigated. The land system is comprised of sandy dunes, 2 -4 m in
height, inter -dispersed with swales consisting of Xerollic Haplargids (massive
red earths). High intensity, short - term, grazing by feral goats was compared
with that of low intensity, long - term grazing by sheep. A rainfall
simulator, applying water at 30 mm h -1, was used to measure the hydraulic
properties of the surfaces formed under the two different grazing regimes.
Undisturbed samples of the upper 5 cm of the soil surface were taken for
micromorphological examination.

INTRODUCTION

Grazing by herbivores is the major enterprise in the semi -arid woodlands of
eastern Australia. However, over -grazing can lead to degradation in the form
of loss of perennial grasses, shrub encroachment and soil erosion. Shrub
encroachment is a particularly serious problem in the semi -arid woodlands
because it reduces carrying capacity and hinders livestock husbandry. A range
of strategies to control shrubs have been attempted, and include burning,
mechanical clearing of shrubs, chemicals and various combinations of these
treatments. Also, on sandy red earth soils, where the main shrub is the edible
Dodonaea attenuata, the use of goats to control shrubs, is possible.

A grazing trial was therefore established to investigate the feasibility of
using goats to control woody weeds. Several goat grazing strategies were
investigated and compared to a range of sheep grazing strategies. This paper
investigates the effects of two of the grazing regimes ie. very high goats and
low sheep, on soil infiltration and micromorphological properties.

METHODS

Experimental site

The 900 ha experimental site was located on Lynwood station, 130 km NW of
Cobar NSW. and consisted of a range of sheep and goat grazing regimes located
in sixteen 50 ha plots. It is situated in the Tiltagoona land system and was
comprised of sandy dunes, 2 -4 m in height, and swales.

Over the period September 1991 to April 1992, rainfall simulation and
micromorphological measurements were carried out in four paddocks in the
grazing trial. Two of the paddocks had experienced high intensity (4.0 goats
ha -1), short - term (9 months) grazing by feral goats in 1991 and the other
two had had low intensity (0.2 - 0.33 sheep ha -1), long - term (1988 - 1992)
grazing by sheep. In both the high goat and low sheep grazing paddocks,
initial examination of the dune tops showed that the soil surface was made up
of a mosaic of either loose sandy areas or crusted areas. Rainfall simulation
and micromorphological measurements were therefore stratified into these
areas. The total carbon content ( %) of the 0 -2 cm layer was also measured by
heating a 2.0

g sample of soil to 120 °C in a Leco CR -12 furnace fitted with
an infrared CO detector.

RESULTS AND DISCUSSION

Table 1 shows that the high intensity, short term goat grazing treatment
significantly reduced the total carbon content of the 0 -2 cm layer in the
dunes when compared with the low sheep grazing treatment. However, there was
no significant difference between the treatments in the swales.

288



At low sheep grazing rates (0.2 -0.33 sheep ha -1), the soil surface on the
dunes was maintained in an excellent condition and consisted of either sand
with a good vegetative cover, or areas where the sand grains were bonded
together by clay and organic matter to form an organic crust. Zero runoff was
measured from both these surfaces during the applied 30 mm h -1 rainfall
intensity (Table 2). These surfaces also contained stable micro -aggregates of
parna material distributed amongst the aeolian sand grains. High intensity
(4.0 goats ha -1), short - term (9 months) grazing with goats rapidly depleted
the perennial grasses, killed most of the shrubs and converted the soil
surface on the dunes to one that became highly susceptible to erosion by wind.
Micromorphological examination indicated that the clay material was abraded
off the sand grains and either lost by wind erosion, or alleviated down the
profile where it concentrated amongst the sand grains to form a strong,
physical crust. These physical crusts caused localised areas of runoff.
However, in the swales there was no difference in the effects of the two
grazing regimes on soil properties. The implications of these results suggest
that high intensity, short term grazing management is detrimental to the long
term stability of these semi -arid lands.

TABLE 1: RUNOFF DATA FROM LYNWOOD GOAT GRAZING TRIAL

Grazing Regime Runoff ( %)a on Dunes and Swales

Dunes Swales
Non -Crusted Crusted

Low (0.2 -0.33 sheep ha -1)

V.High (4.0 goats ha -1) 0

0 50.8

13.9 54.3

a). The runoff percentage for each of the runs was computed by taking the
total runoff as a percentage of the total rain applied at 30 mm -1.

TABLE 2: TOTAL CARBON CONTENT IN THE SURFACE 2 CM ON THE DUNES AND SWALES
FROM THE LYNWOOD GOAT GRAZING TRIAL

Grazing Regime Total Carbon (%) (0 - 2 cm)

Dunes Swales

Low (0.2 -0.33 sheep ha -1) 0.75 1.28

V.High (4.0 goats ha -1) 0.30 1.10

SIGNIFICANCE p<0.01 n.s.
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INVERTEBRATE INFLUENCES ON INFILTRATION AND BIOTURBATION
IN A SEMI -ARID WOODLAND OF EASTERN AUSTRALIA

D. J. Eldridge and J. Pickard

Graduate School of the Environment, Macquarie University, NSW.

ABSTRACT

Field studies were undertaken in a semi -arid woodland in eastern Australia to
study the role of the funnel ant (Aphaenogaster barbigula) in infiltration and
bioturbation. Ponded infiltration on soils with ant nest entrances was three
times that on soils with no nest entrances and the presence of nest openings
allowed water to reach significantly lower into the soil profile. The nest
building activity by the ants was more pronounced during the warmer months.
The ecological implication is that the presence of ant nests accentuates the
development of moisture -rich patches in an essentially semi -arid landscape.

INTRODUCTION

Funnel ants are widely distributed on sandy soils in eastern and southern
Australia. At Yathong Nature Reserve in semi -arid eastern Australia, nest
openings of the funnel ant (Aphaenogaster barbigula) are a common feature on
grazed and ungrazed rangeland. Ant mounding appears to be more pronounced
where the substrate is aeolian in origin. The density of mounds suggests that
ants might play an important role in altering both the hydrological
characteristics of the soil and its physical properties. Here we report
studies undertaken at Yathong Nature Reserve to investigate the role of the
funnel ant in infiltration and bioturbation.

METHODOLOGY

A disc permeameter with a 10 mm head of water was used to measure
saturated -flow infiltration on 17 soil surfaces with nest entrances to 33 mm
in diameter. After each infiltration run the depth to the wetting front was
measured at five positions beneath the permeameter. Thirty nest entrances were
permanently tagged to determine removal rate of soil from the nest entrances.
Particle size distributions of the bioturbated material was determined by
gently washing the material through a nest of four sieves and separating it
into silt & clay, very -fine sand, fine sand, medium sand and coarse sand.

RESULTS

Infiltration was significantly greater on soils with nest entrances (3.9 + 1.5
min L -1) compared with soils without (13.7 + 1.3 min L -1). There was a
significant positive relationship between diameter of the nest entrance and
rate of water intake as measured with the disc permeameters (Fig. 1). Total
infiltration after 10 min was the parameter most strongly related to nest
volume which explained 62% of the variation in infiltration. Pooled across all
nest entrances, the depth to the wetting front was independent of nest
entrance size (P= 0.144). For diameters >10 mm however there was a significant
increase in wetting front depth with increases in nest entrance diameter.

Removal of soil material ranged from 40 g hole -1 month -1 in summer to 0.02 g
hole -1 month -1 in winter /spring (Fig. 2). Particle size analysis of the
bioturbated material showed that it most closely resembled material from the
top 50 mm of soil and was comprised predominantly of fine and very -fine sand.

DISCUSSION

At Yathong Nature Reserve, soils occupied by nest entrances of the funnel ant
had significantly higher infiltration than adjacent soil surfaces where
entrances were absent (Fig. 1). The magnitude of this effect on infiltration,
and the high density of nest entrances in the general area (up to 40 entrances
m-2 with diameters to 62 mm), sugests that these structures are probably
having a significant ecological impact, at least in the immediate area.
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Funnel ants removed a considerable quantity of soil during the construction
of their torus -like mounds on the soil surface. Ants appeared to be
particularly active in summer, probably a response to higher temperatures.
Observations suggest that nest building activity increase after rainfall. This
is to be expected as the mounds are ephemeral in nature, and easily destroyed
by rainsplash. Particle size analyses of the bioturbated material showed that
it most closely resembled material in the top 50 mm of soil.

The massive colonies of the funnel ant probably effect the redistribution of
nutrients through foraging activities and translocation of mineral soils from
the subsoil to the surface during nest building. By effecting nutrient
movement and infiltration patterns in this semi -arid landscape, these ants
like other macro- invertebrates, probably contribute to the development of
landscape heterogeneity, albeit on a small scale.
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THE INFLUENCE OF CRYPTOGAM COVER ON SPLASH EROSION ON A SEMI -ARID RED EARTH
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ABSTRACT

Under a simulated rainfall of 45 mm h -1, cryptogams significantly reduced
splash erosion from a semi -arid red earth soil. As cryptogam cover increased,
there was an exponential decline in total splash erosion and an increase in
the proportion of coarse material in the sediment. For plots with 50% or more
cover, sediment removal was constant over time. At <50% cover however,
sediment removal increased with time and failed to reach equilibrium. The
results indicate that, under natural rainfall conditions, there is a continual
transfer of fine material and adsorbed nutrients away from areas of low
cryptogam cover.

INTRODUCTION

Cryptogamic crusts comprising algae (cyanobacteria), lichens, liverworts and
mosses, are important components of arid and semi -arid rangeland environments.
They play significant roles in soil stability, nitrogen fixation, biomass
production, soil fertility and infiltration, particularly when vascular plant
cover is low. Claims of reduced water erosion due to cryptogamic crusts are
widely reported in the literature.

Field observations in western NSW suggested that surfaces dominated by
cryptogams were more stable during rainfall events, and loose sediment on
cryptogam- covered areas was much coarser than that on the nearby bare areas.
The objectives of the study reported here were to determine the influence of
cryptogam cover on splash erosion and size of eroded particles under simulated
rainfall.

METHODS

Intact cores of soil with cryptogam cover of 0 %, 25 %, 50 %, 75% and 100% were
collected from Yathong Nature Reserve and subjected to simulated rainfall of
45 mm hCC -1DD for 20 minutes using a revolving disc rainfall simulator.
Fifteen simulations were performed, comprising the five classes of cover, each
with three replicates. Runoff water and splashed sediment were collected at
2 min intervals, and bulked samples were separated into silt & clay, very -fine
sand, fine sand, medium sand and coarse sand + aggregates.

RESULTS

As cryptogam cover increased from 0% to 100 %, there was a significant decrease
in the amount of sediment removed from the cores (Fig. 1). Cryptogam cover
explained 81% of the variation in sediment removal. Removal rates for the
100% 75% and 50% cover classes were very low and averaged 0.4, 1.0 and 1.6
g m4 mini respectively. Sediment removal rates on the 25% and 0% cover
classes however were much higher, averaging 5.11 and 8.10 g m-2 min -1-1
respectively (Fig. 2).

At all cover classes there were more coarse particles (>0.500 mm) removed than
fine particles (<0.0533 mm) and this difference was significant for all cover
classes except the 0 %. As cover increased there was an increasing contribution
by coarse particles and a concomitant decrease by fine particles.

DISCUSSION

This study showed that cryptogam cover will reduce the total amount of splash
erosion. Apart from differences in total weight of eroded material, there were
marked differences in the size distribution of eroded sediment between the
five cover classes. Because surfaces with lower cover lose a greater
proportion of finer particles (which contain valuable nutrients such as
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nitrogen), greater losses in potential soil productivity can be expected from
these surfaces. This loss of fine material from the low cover surfaces
probably represents a continual removal of nutrients from these areas and
possibly a decline in potential soil productivity. This may ultimately lead
to such surfaces becoming less favourable for establishment of seedlings of
vascular plants.

During droughts, cryptogams may represent the only form of soil protection on
some surfaces. Cryptogams are susceptible to trampling when dry, but under low
risk stocking, with low to moderate grazing levels, livestock trampling will
probably not adversely affect cryptogamic surfaces. Closer to the water point
however, or where livestock are concentrated such as during drought feeding,
grazing will ultimately lead to the demise of cryptogamic surfaces, resulting
in erosion and reduced productivity.

Reducing grazing intensity by dispersing stock over large paddocks will
therefore reduce the risk of damage to the soil crusts, and therefore reduce
the risk of wind and water erosion. Management strategies such as drought
feeding of stock in small holding paddocks will also increase the risk of
damage to cryptogL.ns, which are most vulnerable to destruction when dry.
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MANAGEMENT EFFECTS ON RUNOFF AND SOIL LOSS FROM NATIVE PASTURE
IN CENTRAL QUEENSLAND

D.M.Silburn1, C.Carroll7, C.A.A.Ciesiolka1 and P. Hairsine2

Queensland Department of Primary Industries
2CSIR0, Div. of Soils, PO Box 639, Canberra, 2601.

ABSTRACT AND CONCLUSIONS

Runoff and soil loss data from a native pasture site in Central Queensland are
presented, and a simple soil loss model is investigated. Runoff was a large
component of the water balance in degraded pastures (cover < 15 %), with up
to 50% of rainfall lost as runoff. Annual soil losses from degraded pasture
were 15 -25 t /ha, equivalent to about 2 mm depth of soil lost per year.
Maintenance of pasture cover above 40 % reduced runoff and soil loss

significantly. Soil loss studies need to consider both bedload and suspended
sediment, as they can be approximately equal components of total soil loss.
A simple soil loss model, accounting for effects of runoff, slope and cover,
explained 60 % of the variation in annual soil losses from all pasture
conditions. Data from this study will be used to improve and parameterize
runoff /water balance and soil loss components for grazing systems models.

BACKGROUND

Land capability assessment and management of grazing lands in the semi -arid
tropics (SAT) requires a long term outlook. Large variability occurs in
climate factors, within and between years, and consequently in pasture growth,
runoff and erosion. Effects of erosion on productivity may not be evident for
several decades. Simulation models of the plant -soil -water -climate system are
useful tools for study of these long term aspects, allowing integration of
climate, management, production and degradation (eg. soil erosion) aspects.
The LAMSAT (Land Management Strategies for the SAT) project (Hairsine et al.
1991) aims to provide models of hydrology and soil loss, and required
parameter values, for use in these system models.

Data are presented for 1987/88 and 1988/89 water years (1 Oct -30 Sept) from
a native pasture site ('Springvale', see Ciesiolka 1987) located 75 km west
of Emerald in Central Queensland. Average annual rainfall is about 700 mm but
is highly variable (C.V. = 40 %). Soils are shallow /moderate duplex. Vegetation
consists of native and exotic tussock grasses of the Bothriochloa /Aristida
community under open silver -leaf ironbark woodland. Runoff, bedload and
suspended load soil losses, and projected cover were measured from a range of
pasture conditions, eg. bare scalded, eroded, under trees, grazed and ungrazed
treatments.

RESULTS AND DISCUSSION

Runoff. Annual runoff decreases as cover increases (Fig.1). Runoff for
1987/88 from plots with cover < 10% was 370 -470 mm or 50 -60% of annual
rainfall. Therefore, effective rainfall for grass growth and evaporation was
only 320 -420 mm, creating an artificial drought in a year of slightly above
average rainfall (790 mm). These low cover plots include 'scalds', which have
remained bare despite exclusion of cattle for 8 years and where little growth
is expected. However, they also include the grazed plots where viable
tussocks occur. Annual runoff for 1988/89 ranged from 370 mm to 30 mm, for
low to high cover, respectively.

Soil Loss. Total soil loss (bedload plus suspended load) was also highly, and
negatively, related to total projected cover (Fig. 2), declining from 20 -25
t /ha at 0 -5% cover to 1 t /ha at 30% cover. Cover of >40% is required to
minimise soil loss. Gardener et al. (1990) recommended a similar value for
dry tropical rangeland in north Qld. Soil losses from bare plots are
equivalent to 1.5 -2.5 mm of soil depth loss in one year. As these soils are
shallow (0 -50 cm) and have shallow nutrient profiles (Ciesiolka 1987) this
soil loss is excessive. Where active rills and head -cuts occur on plots, soil
loss is greater than otherwise expected for the cover present, due to
contributions from gully erosion (symbols circled in Fig. 2).
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Suspended sediment loads were about one -half of the total soil losses, similar
to results from Mulga Lands in Western Qld (R. Miles, pers. comm., 1990).
Consequently measurement of suspended load is important in erosion experiments
in SAT rangelands.

Simple soil loss model. The simplest model of Rose (1985) is convenient for
linking with daily water balance models that predict depth of runoff and
pasture cover. The model is:

Soil loss = [sediment concentration] * runoff volume,
Sediment Concentration (g /l) = 2700 X Slope [1- (Cover$ /100)]

where A is an approximation of Rose's efficiency of entrainment, and:
X = b, exp [ - b2 cover% ]

When the model was applied to mean annual bedload soil loss only, b1 = 0.052,
b2 = 9.51, r2 = 0.59, N = 34. Evidently some 41% of the variance in soil
losses is related to other factors not considered by the model (eg. cover
type, differences in soil, variation of cover between storms, runoff rates
etc.). b (X for bare soil) is indicative of 'soil erodibility'. 131 varies
between d.2 -0.7 for a range of cultivated soils and was 0.06 for arid
rangeland (Rose 1985). Further data will be used to derive a more complete
model, including suspended sediment, and to examine other models (Hairsine et
al. 1991), including simple models that can be linked with daily rainfall
driven pasture water balance and growth models.
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A GEOGRAPHIC INFORMATION SYSTEM (GIS) FOR CROPPING ACTIVITIES
IN THE WESTERN DIVISION OF NSW

P.K.J.Flemons & G.J. Tupper

NSW Agriculture, Locked Bag 21, Orange NSW 2800.

ABSTRACT

The Western Division Resource Monitor (WDRM) acts as a forum to foster
collaboration between NSW State government departments and educational
institutions interested in monitoring and managing the resources of the
Western Division of NSW. The monitoring of cropping activities in the
marginal areas in the east of the Division is a high priority of the WDRM.

By using satellite imagery as an aid to monitoring cropping, and a GIS to
compile a spatial database on fallowing practices and the areal extent of
cropping, the resource management activities of the WDRM members are
assisted.

The framework for a cropping spatial database has been created in an image
analysis system. Data is collected by combining satellite image
interpretation information and fieldwork observation. A Geographic
Information System (GIS) is used for data storage, display and
manipulation, and for producing hardcopy maps. Digital and hardcopy outputs
are tailored to the needs of WDRM members.

BACKGROUND

In the eastern marginal areas of the NSW rangelands, winter cereal cropping
has become a major alternative to the traditional grazing landuse. Winter
cereal cropping enables farmers to diversify their agricultural production
as a means of stabilizing their income, however, it can be a high risk
option because of the unreliable rainfall and volatile cereal grain
markets.

From the broader state, national and world community perspectives, cropping
management practices such as multiple cultivation fallowing, and burning of
stubble run contrary to sustainable agricultural practices, whilst the
clearing of remnant vegetation for cropping purposes threatens the habitat
of rare and endangered species such as the mallee fowl, may decrease
biodiversity, and exacerbate erosion, water table recharge and salinity
problems.

The broad range of potential problems involving cropping in the Western
Division has resulted in several State Government agencies becoming
interested in monitoring cropping areas and management practices in the
Western Division. The NSW Department of Conservation and Land Management
(CaLM) has legislative responsibilities for cropping and clearing through
the former Western Lands Commission, and for the soil resource through the
former Soil Conservation Service; and land valuation responsibilities
through the former Valuer General's Department. NSW Agriculture seeks to
maximise the productivity of agricultural lands whilst ensuring that land
holders practise sustainable agriculture. The Environmental Protection
Authority (EPA) has specific interests in the extent of clearing and the
effect of cropping practices on water quality.

The sparse distribution of cropping in the Western Division, and the large
area over which it occurs, has resulted in the use of satellite imagery
being the only cost effective method for monitoring cropping activities.
Since 1986 the Western Division Resource Monitor (WDRM), through it's
Scientific Officer, has been monitoring cropping activities in the
Nymagee /Cargelligo and Balranald areas.

This paper briefly describes the process by which the data derived from the
monitoring of cropping activities is converted into a useable data "layer"
within a Geographic Information System (GIS), and how information from the
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GIS is used by agencies involved in the monitoring and management of
renewable resources in the Western Division.

CREATING A DATA FRAMEWORK

To enable the compilation of a spatial database on cropping activities a
framework of cropping units was
constructed as a baselayer in the GIS.
The units consist of a paddock or part
thereof which has been cleared of native
vegetation and is capable of being
cropped under favourable seasonal
conditions. The units were digitised
from satellite imagery to create a
vector layer of polygons which represent
the cropping units (see Fig. 1.). The
satellite images from which the cropping
unit framework was created have
Australian Map Grid (AMG) co- ordinates
and therefore the framework was given
AMG co- ordinates automatically.

Figure 1. An example of some cropping units (polygons) with their polygon
identification numbers. Each unit is identified by a unique number. The
information in Table 1 is "attached" or related to each polygon by these
numbers.

CREATING AND UPDATING THE DATABASE

Having created the framework, the database was transferred to a GIS. A
unique identifying number was then attached to each cropping unit, enabling
"attributes" to be attached to each unit. The attributes are data records
(see Table 1) indicating for each year whether cropping has occurred and
which fallowing practices were used.

COMPILING AND ENTERING THE DATA

The annual land use practices within each cropping unit are determined by
the combination of satellite image interpretation and field work. Each year
four satellite images are purchased for each area:- in spring for
identifying long fallows for the following winter crops, in autumn for
identifying short fallows and sowings, in spring for identifying crop
canopy, and in summer for identifying the harvested crops. By obtaining
these four images it is possible to build up an accurate picture of annual
agricultural activities in each cropping unit. Field work is used to
correlate image characteristics to what is happening on the ground.

Table 1. An example of the information that can be "attached" to each
cropping unit (or polygon). Where AREA = the area of the unit in metres
square, PERIMETER = the distance around the perimeter of the unit in
metres, ID = the polygon ID number to identify the unit to which the
information applies e.g. in unit 5 cropping has occurred in 1988 as
indicated by CROP_1988 = Y.

AREA PERIMETER ID CROP_1988 CROP_1989 CROP_1990

510295 3225 4 Y

899259 4244 5 Y Y

USING THE DATA

Within the GIS the cropping data becomes a "layer" of information which can
be combined with other layers to make it more useful. Many different layers
of data relating to land use and management are used in the GIS analysis.
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The result is a GIS database that contains information on cropping,
property boundaries, roads, rivers, land systems, clearing, clearing
licences and cultivation permits.

Maps and statistics are produced which show:- crop area by property /land
system /shire or mapsheet for each year; crop area by property /land
system /shire or mapsheet over a number of years or any combination of
years; proportion of individual land systems that are cleared /cropped;
comparative areas of longfallows and shortfallows for any particular year
or combination of years; comparison of cultivation permits with actual
cropping areas.

Each WDRM member has different data requirements for which they make
specific requests. The EPA and CaLM (Western Lands Commission) use the
digital cropping data layer in their GIS's, whilst NSW Agriculture and C &LM
(Valuer Generals) require hard copy maps with accompanying statistics.

CONCLUSION

The WDRM Cropping GIS is becoming an essential tool for assisting the WDRM
agencies to carry out their responsibilities in administering and advising
on the use of the renewable natural resources in this fragile environment.
By mid 1993 the existing cropping database will be expanded to include the
Walgett and Lower Darling areas of the Western Division, with the first
year of cropping data being the 1992 winter crop. Interpretation accuracy
assessments will be incorporated into data capture for all areas, with the
assistance of WDRM members' district staff.In each subsequent year new data
will be added to the GIS database.
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INTENSIVE DEVELOPMENT OF SMALL AREAS ON PASTORAL PROPERTIES

B.M. Alchin7, R.W. McFarland', K.W. Mi tche113,

Uni. of Qld. Gatton College, Lawes Qld 4343
2 "Oxley Station ", Hay NSW 2711
3"Florida", Canbelego NSW 2835

ABSTRACT

The large land resource base of pastoral enterprises usually focusses
attention on appropriate low level inputs. However, field investigations and
commercial scale application have demonstrated the value of intensive
development of small areas, particularly where they complement existing
management practices.

Developments which have proven successful include old man saltbush
plantations, waterspreading and opportunity cropping. The first two are
considered in this paper.

1. Old Man Saltbush (Atriplex nummularia)

Details of the shrubs characteristics and establishment requirements were
presented by Condon (1990). The latter involves fencing, cultivation, weed
control and irrigation (not always essential). Costs, including labour, are
between $500 to $1,000 /ha. Once established, the only input required is
control of browsing.

One of the authors (RWM) has found that stands of the shrub (both native and
plantation) on his own and similar properties in the Western Riverina of NSW
have provided the following:

(i) Assistance in overall grazing management - allows rest of larger
areas by virtue of its high carrying capacity;

(ii) Excellent shelter for stock;
(iii) Natural removal of burr load in wool;
(iv) Assistance in breaking worm cycle;
(v) Diversity in habitat for wildlife.

The two areas which demonstrate the value of old man saltbush to the whole
property are its potential to:

(i)

(ii)

allow more comprehensive grazing management of the whole property;
supply a high level of nutrition and effective shelter at critical
times.

2. Waterspreading

Waterspreading in the Cobar district of NSW provides the opportunity to
convert country covered with dense timber and scrub into productive pasture
or crop areas. It involves land clearing and construction of banks to control
waterflow along the flats of the ridge country.

This section draws on the experience of one of the authors (KWM). The project
was initiated in 1979 on the 18,200 ha property, "Florida ". It involved:
clearing, raking, ploughing, sowing, harvesting, seed, fencing (hinge -joint).
The total cost (including labour) to establish and maintain 240 ha for 5 years
was $42,720, i.e. $178 /per ha (1984 values).

Prior to clearing, the sites carried 1 sheep to 6.8 ha (3.6 to 10 ha). Under
waterspreading, the sites carry 1 sheep to 0.8 ha.

The initial waterspreading covered only 1.3% of the property but provided the
catalyst for further intensive development as well as benefiting the whole
property by:
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(i) allowing increased carrying capacity;
(ii) providing greater security for stock, particularly during drought

(through hay and grain).

3. The Role of Intensive Development

The two examples presented demonstrate the role and value of relatively
intensive development of small area enterprises on extensive pastoral
holdings. Enterprises which are complementary (rather than supplementary) may
provide the greatest benefit; i.e. enterprises which can contribute directly
to financial viability as well as enhancing productivity on the whole
property.

Pastoralists should consider any possible option for intensive development of
small areas to improve overall viability. Enterprises which provide increased
income directly enhance the income earning capacity of other areas and, in
particular, expand the flexibility of overall property management, should be
given priority.
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WATERPOND RESEEDING - 'GRADER' BENEFITS FOR SCALD RECLAMATION

M.L. Hayes

Department of Conservation and Land Management (SCS) - Nyngan

ABSTRACT

Direct seeding trials carried out on duplex soils in the Nyngan District since
1987 have led to the development of techniques for the successful
establishment of saltbush species on waterponded scalds.

Investigations into seedbed design within waterponds have indicated that the
practise of deep ripping for moisture penetration an essential part of seedbed
design. Sowing of the inside batter of the ponding bank just above ground
level has also been shown to be a favourable site for seed germination.

These findings have enabled the design and construction of a road grader
mounted seeder, capable of sowing waterpond banks simultaneously with
construction, as well as sowing areas within the ponds.

Saltbush seed treatment involving the partial or complete removal of the seed
bract of some species has resulted in significant improvements in germination
as well as ease of seed delivery through the sowing implement. Species used
in trials include Atriplex nummularia, A. amnicola, A. vesicaria and
A. semibaccata.

INTRODUCTION

The practise of waterponding on duplex soils has proven to be a successful
technique for the revegetation of extensive areas of bare scald in western New
South Wales.

Although waterponding virtually guarantees the return of a vegetative cover,
the length of time for this to occur, together with the composition of this
vegetation has resulted in attempts to improve waterponding by the practise
of reseeding. Reseeding has the advantage of not only accelerating
reclamation of ponds, but also improving pond pastures by the introduction of
drought tolerant perennial species.

For waterponded areas to become productive normally takes about five years.
Reseeding has the potential to reduce this time to three years or less
depending on seasonal conditions.

The difficulty of establishing native perennial saltbush from seed in semi-
arid areas of Australia is well recognised. Sowing trials carried out in the
Nyngan district over the past five years have identified suitable saltbush
species and seedbed sites that will give successful revegetation of
waterponded scalds.

SEEDBED DESIGN

(i) Within waterponds

Early trials (1987) showed that sites adjacent to deep ripped zones provided
favourable conditions for germination and seedling establishment of various
saltbush species. In 1988, the technique of niche seeding was trialled. It
was thought that the combination of deep ripping and a raised seedbed would
be particularly suitable within waterponds. However the slaking nature of the
duplex soils in this area resulted in excessive burial of seed, tunnelling of
water through niche mounds, and hence poor germinations.

Recent trials have concentrated on placement of seed in close proximity to the
deep ripped zone (approx 30 -40 cm deep). Sowing directly above the rip line
generally resulted in drowning of seed when, following rain, this area settled
and formed a furrow. Most success has come from placement of seed on the edge
of the deep rip line with seed soil contact improved by the use of presswheels
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Although this site, because of its proximity to the furrow, is seen as the
most desirable, in some cases good germinations have occurred on the outer
edge of the seedbed further from the deep rip line. This is thought to have
resulted from increased slaking on the inside of the seedbed mound.

(ii) On ponding banks

Sowing of waterpond banks is carried out simultaneously with construction.
Three passes are normally required to construct a waterpond bank, one pass on
the inside and two passes on the outside. Seed is sown during the inside
pass, and is broadcasted along the inside batter of the bank, just above
natural ground level. The fact that this site is adjacent to the inside
borrow area where water accumulates, makes it a favourable area for

germination and seedling growth.

SOWING IMPLEMENT

Four precision seedboxes are mounted on the rear toolbar of the Soil
Conservation Service road grader. The left and right hand side seed boxes are
chain driven by separate hydraulic motors controlled from the operators cab.
Seeding rates can be varied by increasing hydraulic motor speed (flutec'
valves control oil flow) or by using different seed plates in the seed boxes.
When the ponding bank is being sown, one set of boxes is operational with seed
dropped onto the inside bank. When the area within ponds is sown (generally
before bank construction), both sets of seedboxes can be used. The grader
tool bar is fitted with two extended (750 mm) rippers. Attached to each
ripper is a 'wing' that acts as a soil spreader forming the basic seed -bed.
Seed is sown into the soil surface (0 - 1 cm) with presswheels improving seed -
soil contact.

SEED TREATMENT

Three seed states of the saltbush species have been tested in both laboratory
and field trials. These include:-

(i) Natural - seed bract untouched
(ii) Semi -milled - part of bract removed
(iii) Bare seed - all of bract removed

In laboratory tests where moisture availability was not a limiting factor,
there were no significant differences in germination percentages between the
bracted seeds and bare seeds. In field trials, however, differences in
germinations have occurred. Results of trials to date have shown that semi -
milled seed of the saltbush species used will give the most consistent results
over a wide range of climatic events. Semi -milled seed also has the
advantages that it flows easier through seeding tubes, and seed boxes can hold
a greater quantity of seed.

THE FUTURE

Current technology now allows for saltbush reseeding to take place in
conjunction with waterponding on a broad scale. Sowing of waterpond banks
will continue to be carried out as an integral part of bank construction.
However, the use of a separate three point linkage seeder implement using the
same principles as the grader seeder, will make the sowing of larger areas
within waterponds a more economic proposition.

The latter will be encouraged even more by an increase in the availability,
and a decrease in the price of saltbush seed.
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A RECIPE FOR RANGE SEEDING IN WESTERN QUEENSLAND

P. W. Johnston and C.J. Evenson

Queensland Department Primary Industries, PO Box 282, Charleville Qld 4470

ABSTRACT

The successful sowing and establishment of native pastures in dense stands of
the woody weed Eremophila gilesii was demonstrated. Native pasture seed was
harvested locally using a rotating brush harvester. Yields of 19.6 kg /ha of
pure seed representing 72.6% of available seed was achieved. Ploughing and
sowing native seed reduced E.gilesii density by 91% and an established
perennial grass density of 7.1 tussocks /m2. The recipe for achieving these
results is described.

INTRODUCTION

Areas of western Queensland covered by dense stands of woody weeds require
treatment if productivity of the region is to be maintained. Treatments must
be practical, achievable and economical.

Range seeding with native grasses is one component of successful regeneration
of woody weed dominated pastures. Increased grass density provides fuel for
controlled burns, forage for stock and cover for the soil. Management of
regenerated areas is then critical if weed problems are to be avoided in the
future.

For range seeding to succeed, suitable seed, seedbed and establishment
conditions are required. This paper describes approaches taken to meet each
of these criteria in regeneration work under way in the mulga Acacia aneura)
lands of south western Queensland.

METHODS

i) Seed Collection. A rotating brush harvester (Johnston et al. 1990) was
used to collect a mixture of native grasses from mulga country 30 km north of
Quilpie (26° 37'S, 144° 16'E). Seed was stored in wool packs suspended from
the ceiling of a shed until required for sowing.

ii) Seedbed preparation. At three sites within a 60 km radius of
Charleville (26° 25'S, 146° 16'E) dense stands of E. gilesii (10 800 - 14 500
bushes /ha) were ploughed in 50 m long alternate strips with a 2 m wide offset
disc plough. Two passes were made producing a 4 m wide strip. A distance of
4 m was left unploughed between strips resulting in only 50% of the area being
ploughed. At each site two replicates were established.

The objective of ploughing was to reduce the density of E. gilesii and to
roughen the soil surface. A rough soil surface was to provide niches for seed
establishment and improved moisture penetration. Seed was sown directly onto
the ploughed surface.

iii) Obtaining optimum establishment conditions. Late September 1988 was
chosen for ploughing and sowing. Above average rain in July and August of
that year provided good soil moisture for germinating seed and plough
penetration. Ploughing also aimed at controlling E. gilesii seedlings
germinating over the previous winter. Analysis of long term weather records
indicated October would experience favourable rain and mild temperatures
suitable for germination and establishment.

MEASUREMENTS

Fifty metre long belt transects were established along the centre of each
strip to record shrub and perennial grass density. Shrubs were measured with
in one metre of each side of the transect and grasses in 50 one metre square
quadrats located centrally on the transect. Two strips ploughed but not sown
to native grasses and two strips not treated in any way were established at
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each site as controls. Observations were made prior to and at 20, 37 and 45
months after treatment. Domestic stock were excluded from all treatments.

RESULTS

i) Seed Collection. A yield of 19.6 kg /ha pure seed was obtained. This
represented 72.6% of seed available in the area harvested. Seed comprised of
Thyridolepis mitchelliana (66 %) Monachather paradoxa (11 %), Eragrostis
eriopoda (2 %) and inert matter (21 %).

ii) E. gilesii control and pasture establishment. Rainfall was below
average for 89% of the trial period.

Ploughing markedly reduced the density of E. gilesii (83 %). A smaller,
natural reduction in E. gilesii density also occurred (51 %). Where native
seed was sown the reduction in E. gilesii (91 %) was greater than with
ploughing alone.

Strips ploughed and sown to native grasses had greater densities of perennial
grasses (7.1 tussocks /m2) than those ploughed and not sown (3.6 tussocks /m2).

Controls not ploughed 4nd not sown had the lowest densities of perennial
grasses (2.8 tussocks/m9.

DISCUSSION

The procedures demonstrated in this trial were successful in re- establishing
pastures in areas covered with dense stands of E. gilesii. Ploughing has
previously controlled E. gilesii (Burrows 1973), however a technique for
establishing native pastures has not been demonstrated. The combination of
ploughing and sowing native species adapted to the area serves as a useful
recipe for re- vegetating pastures in south west Queensland.

Treating only 50% of an area kept costs down. In future management, grassed
strips can serve as sources of fuel for controlled burns. Lack of fuel for
burns has been a major inhibiting factor in the use of fire for weed control
in south west Queensland. Simulation studies (Carter and Johnston 1986) have
indicated the chances of sufficient fuel for fire was only once every eight
years, even at low shrub densities. Strips located on the contour would
reduce runoff. The increased grass biomass in strips could therefore increase
the opportunities for controlled burns.

Gradually, whole paddocks could be treated with this recipe at relatively low
cost.
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DIRECT SEEDING OF SALTBUSH IN THE HAY DISTRICT, SW NSW

Robert Denham,

Department of Conservation and Land Management, Hay.

INTRODUCTION

Saltbush reseeding in the Hay district stems from the need to re- introduce
perennial plants into pastures. Bladder saltbush (Atriplex vesicaria)
forms an important grazing community in the Hay district, but in many areas
this shrub has been lost. This can be attributed to droughts, grazing
pressure, and dieback (Clift et al. 1986). The loss of these shrubs
results in pastures dominated by annuals, which while sufficient during
good seasons, provide little feed value or soil cover during dry seasons
and droughts. The implication of this is a decline in the overall
stability of the system, which may lead to erosion and a long term decline
in productivity of the land.

To return these perennial plants, an inexpensive revegetation technique
must be used. This generally means direct seeding.

RESEEDING

There are several problems we have encountered in direct seeding operations
in the Hay area. These have to do with a lack of adequate moisture, a high
level of competition and difficult soils.

Moisture is the most important factor limiting the establishment of
saltbush in the Hay district. Temperature is generally not as important,
as saltbush will germinate over a wide range of temperatures. Hay has a
mean annual rainfall of 350mm. Monthly rainfall shows a slight winter
dominance, but when evaporation is taken into account, soil moisture is
likely to be adequate for germination and survival of seedlings only in the
cooler months. The implication for seeding operations is that sowing must
be done during autumn and early winter. Any later than this it is unlikely
that sufficient rain will fall to maintain seedling growth.

Many pastures in the Hay district are dominated by annuals such as barley
grass and medics. These plants respond very quickly to rainfall in the
autumn break, and if not controlled will out -compete any new saltbush
seedlings. Additionally, if allowed to grow unchecked will result in a
deficit of soil moisture during the late spring and summer, making it very
difficult for seedlings to survive their first summer. Adequate weed
control is therefore crucial.

Soils in our area comprise mostly of grey, brown and red clays. The nature
of these soils means that one pass operations can be inappropriate.
Saltbush seeding machines and native tree seeders have been designed for
lighter soils, and are not suitable unless a considerable amount of prior
preparation has been done.

Compact clays present a problem for root penetration, and so prior ripping
is advised to allow rapid root growth. However, this needs to be done well
in advance, as ripping will bring up large blocky clods which need to break
down before seeding takes place.

Infiltration is poor on these soils which can lead to waterlogging. While
saltbush will tolerate waterlogging when established, they will not survive
in the seedling stage. And while immersion for a length of time will not
damage the seed, it will not germinate in these conditions.

RESULTS

A saltbush seeding machine has been constructed. The design is based on
earlier work done in the district and on native tree seeders. The
principle is that weeds and weed seeds are removed by removing the top 2cm
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of soil. This also serves to make a shallow furrow which will concentrate
rainfall. A low mound is created within this furrow which creates a
suitable seed bed and raises the seed to prevent waterlogging. Seed is
sown on to this mound. Seed needs to be sown very shallow, and best
results have been obtained by dropping seeds on to the surface and pressing
in with a press wheel.

A short boom extending from either side
create a weed free zone one metre each
used can be either a knockdown such as
are already actively growing weeds, or
weed free soil. It is also possible to
and residuals.

of the machine sprays herbicide to
side of the seed bed. Herbicides
roundup for situations where there
residuals if sprayed on relatively
apply tank mixes of both knockdown

Initial trials have resulted in adequate germination (up to 10% of viable
seeds sown). However, survival has been poor. This can be attributed to
drought conditions experienced immediately after germination, insufficient
weed control and inadequate ground preparation. Trials this year (1992)
will hopefully be more successful, but as with any direct seeding
operation, climatic conditions will have a large impact on success.

CONCLUSION

While there are still problems encountered when direct seeding shrubs in
the Hay District, there have been sufficient results to remain encouraged.
Work done so far has emphasised the need for correct sowing time, and
adequate weed control. There is a considerable way to go before broad acre
establishment occurs, but the need to cheaply return perennials to pastures
means that direct seeding is still the most feasible technique.
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BAND SEEDING: A TECHNOLOGICAL BREAKTHROUGH FOR SEEDING RANGELANDS

S.J. Cook, N.D. MacLeod and P.A. Walsh2

1CSIRO Division of Tropical Crops and Pastures, St Lucia Qld. 4067
2Department of Primary Industries, Toowoomba Qld 4350.

ABSTRACT

Band seeding was developed as a reliable, cost -effective means of seeding
legumes into rangelands in southern Queensland. In a one -pass operation, a
band seeder drills seed at a shallow depth and sprays a band of herbicide over
the row to control plant competition. A wide row spacing (1.5 m) minimises
input costs and allows the machine to operate in rough, partially cleared
country. This system significantly increased emergence and seedling survival,
compared to surface sowing. An economic analysis revealed significant
potential net benefits to livestock producers.

INTRODUCTION

Range seeding is an expensive option that requires careful consideration and
planning before being undertaken. In lower rainfall (<500 mm) areas range
seeding is used primarily where pastures have become degraded and insufficient
desirable forage plants remain to respond to improved management practices.
Where rainfall is higher, rangeland production can be significantly boosted
by augmenting existing pastures with more productive and /or more nutritious
species such as legumes.

In the black speargrass (Heteropogon contortus) region of southern Queensland,
augmentation of native pastures with tropical legumes has resulted in
significant improvements in livestock production. However, range seeding
methods based on low input techniques like surface sowing, have been
unreliable. Competition from existing vegetation is a major cause of
establishment failure of surface sown seed. Ecological studies in a range of
communities suggest that establishment success is unlikely unless gaps of
sufficient size are present within the pasture (Snaydon and Howe 1986). To
be reliable, any range seeding method must either exploit existing gaps or
create gaps of sufficient size, which will vary according to the harshness of
the environment and the species being sown.

DEVELOPMENT OF BAND SEEDING

Band seeding was developed as a reliable, cost -effective means of seeding
rangelands in situations where alternative techniques were either too
expensive or unreliable. In a one -pass operation seed is drilled at a shallow
depth, concentrated bands of fertiliser can be drilled below the seed where
necessary, and herbicide is sprayed over the row to control plant competition.
A 1.5 m row spacing minimises inputs and allows the machine to operate in
partially -cleared areas where some logs, stumps and rocks are present.

The size of the gap required for a particular species can be achieved by
altering the spray width of the herbicide band. When tropical legumes were
oversown into black speargrass in south -east Queensland, band widths of less
than 30 cm did not give adequate control of plant competition under most
conditions, while widths of 30 and 40 cm, though effective in wetter seasons,
failed to provide adequate control of root competition during dry years. A
50 cm wide herbicide band provided reasonable seedling survival under dry
conditions and, when combined with a row spacing of 1.5 m, was acceptable from
an economic viewpoint (MacLeod et al. 1991). Wider bands may be required for
seeding grasses or other species that are more sensitive to competition than
legumes.

Compared to conventional seed drills, the 1.5m row spacing reduced seed and
fertiliser inputs by almost one -tenth. A drilling depth of 5 -10mm increased
seedling emergence of shrubby (Stylosanthes scabra cv. Seca), fine -stem (S.
guianensis var. intermedia) stylos (2 fold) and round leaf cassia (Cassia
rotundifolia) (8 fold), relative to seed broadcast on the soil surface.
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FIELD EVALUATION

A prototype three -row band seeder (Walsh and Cook 1988) was tested under a
wide range of environmental conditions on sandy loam soils of the South
Burnett district of southern Queensland. Band seeding was compared with
surface sowing and a rough disced seedbed for legume establishment in 10
sowings over 5 years. A mixture of 5 legumes - Siratro, round leaf cassia,
fine -stem stylo, shrubby stylo and lotononis (Lotononis bainesii) - were used
as test species.

Legume establishment in the band sown treatments varied according to soil
moisture conditions at and following planting, and on the effectiveness of the
herbicide band. Where herbicide killed more than 90% of the potential
competition in the bands, legume establishment in band sown treatments
equalled or bettered that in the discing treatment. Establishment of surface
sown seed was either poor or a complete failure in all sowings.

A 1.5 m row spacing, with 50 cm wide herbicide bands, leaves two - thirds of the
original pasture untouched. A grazing experiment that investigated the early
management of band sown legumes, demonstrated the possibility of grazing
treated pastures during the establishment phase with limited production
penalty. Establishment and survival of legumes were similar in treatments
which were either grazed from sowing or in which 3 to 15 month spelling
regimes were applied.

ECONOMICS

Preliminary economic assessments of band seeding show that the treatment
compares favourably with alternative establishment techniques, including
cultivated seedbeds and surface sowing (MacLeod et al. 1991). Initial costs
for a cultivated seedbed ($170 /ha) are considerably more than those of band
seeding ($68 /ha) and surface sowing ($72 /ha). Discounted cash flow analyses
based on 15 year development profiles yielded net present values of $565/ha,
$407 /ha and $223/ha for cultivated seedbed, band seeding and surface sowing
respectively (MacLeod et al. 1991). Considerations of terrain suitability,
reduced erosion risk, and the presence of standing timber or rock outcrops,
make band seeding an attractive low -cost alternative to cultivated seedbeds.
The high risk of establishment failure with surface sowing favours band
seeding as an equally low cost, but more reliable technology.

FUTURE OUTLOOK

Band seeding has performed above expectations, for legume establishment in
black speargrass pastures in southern Queensland, during drought years. It
has also been used to successfully establish Indian couch (Bothriochloa
pertusa), buffel grass (Cenchrus ciliaris) and sabi grass (Urochloa
mosambicensis) at Katherine, NT, medics (Medicago spp.) in the Maranoa region
of Queensland, and trials are showing promise with summer -growing grasses in
north -west NSW. Band seeding also offers possibilities for establishment of
other rangeland species like Atriplex spp.
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RESPONSE OF ARID VEGETATION TO CATTLE GRAZING
AND THE DEVELOPMENT OF INDICATORS FOR RANGE ASSESSMENT.

P.J. Jessop

Department of Environmental Science and Rangeland Management
The University of Adelaide Roseworthy Campus

ABSTRACT

The indicators of range condition are being identified in a 7.5 thousand
square kilometre area of South Australia's northern cattle rangelands.
This involves field surveys to obtain details of pastoral lease geography
and management history (development of fences and watering points), land
forms and vegetation, using, in part, pastoralists' knowledge. Grazing
gradients (piospheres) are being examined around watering points with known
grazing histories to determine the response of perennial species to cattle.

At present methods are still being worked out and installed. No
substantial results have been obtained but results are expected by the
beginning of 1993. Information has been obtained on the location and
installation dates of fences and waters, paddock stocking histories, cross
fence comparisons and map based resource information such as systems
mapping. Four sets of 50 x 50 m exclosures have been built and are
representative of the land types identified in the region. The exclosures
are being used to document the recovery of the different land types after
rain, providing an indication of range condition.

INTRODUCTION

The South Australian Pastoral Land Management and Conservation Act (1989)
requires that leases be assessed for range condition, their problems
identified and carrying capacities determined by 1998. However, the
necessary information required to achieve this for South Australia's
northern rangelands does not exist. This project will initiate collection
of useable data on this area specifically for range condition assessment.

The South Australian Department of the Environment and Planning has
developed a range assessment methodology under the requirements of the Act,
employing the Land Condition Index. This index requires a knowledge of the
range condition indicators for each landscape type, i.e. which species
increase under grazing and which species disappear.

The selected study area consists of the cattle lease Todmorden which is
situated roughly 1100 km north of Adelaide. The region is defined as arid
and has a mean annual rainfall of approximately 150 mm.

OBJECTIVES:

- Develop a reliable and credible Land Condition Index
for assessing leases in South Australia's northern
cattle rangelands.

- Identify indicator plant species for use by
pastoralists.

- Acquire new knowledge about the ecology and management
of these rangelands.

The major problem of this study is the local variation in the structure of
the vegetation. In the southern sheep rangelands where the index was
developed the vegetation is fairly uniform and therefore traditional
piosphere principles apply, i.e. the grazing gradient is linear and
involves soil structure breakdown or other damage to plant communities and
there is generally a gradual increase in vegetation density with distance
from water. However, in at least parts of the northern cattle rangelands
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the pattern of vegetation is not uniform but more a mosaic of several
vegetation types of differing palatability occurring in patches. Therefore
one is more likely to find a star - shaped gradient. Distinct corridors of
activity develop as animals move between the water point and the areas of

more palatable vegetation.

The task is largely to devise a technique which can be used to study the
piosphere effect in these patchy areas so that the indicators of range
condition can be identified.

METHODOLOGY

Before intensive field work in the study region could begin it was
necessary to map the land systems to identify the different land types.
This initial resource mapping and reconnaissance provides the basis for
implementation of all techniques being used to identify the indicators of
range condition. Landsat imagery and geological and topographical map
sheets at a scale of 1:250,000 have been used to map the land systems on
Todmorden. Following groundtruthing the land systems were categorised into
six major land types based on the dominant perennial vegetation. These six
land types are 1: Oodnadatta Saltbush (Atriplex nummularia) Tableland. 2:
The Breakaways. 3: Bladder saltbush (Atriplex vesicaria) Tableland. 4: Low
Woodland. 5: Floodouts, and 6: Mulga (Acacia aneura) Perennial Grass

Woodland.

The indicators of range condition are being determined in two ways. The
first involves the use of piospheres (grazing gradients) of known history
in conjunction with documented history, local knowledge, cross fence
comparisons and historical photographs to determine the outcomes of past
and present stocking rates and the response of perennial species to cattle
grazing out from water. This information is also being used to distinguish
between grazing effects and other environmental factors such as fire. The
second approach is the use of exclosures and photopoints to assess
objectively the impact of cattle and rabbits, on the vegetation following
rain which is an indicator of range condition.

Four sets of 50 x 50 m exclosures have been erected in key locations which
represent the landtypes in the region. Photopoints have been established
in areas of importance where it is suspected changes to the landscape are
taking place or may take place in the future, and on a finer scale,
individual grass butts have been identified for subsequent monitoring.
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EFFECT OF PASTURE IMPROVEMENT AND GRAZING PRESSURE ON THE ABUNDANCE OF
Microlaena stipoides (Labill.) R.Br. ON THE

NORTHERN TABLELANDS OF NEW SOUTH WALES

D.B. Magcale -Macandog and R.D.B. Whalley

Botany Department, University of New England, Armidale, NSW 2351

ABSTRACT

A survey of 102 paddocks on 33 properties on the Northern Tablelands was
conducted to examine the effects of land management factors on the abundance
of M. stipoides.

Higher tree density had significant positive association with abundance of
M. stipoides as it grows well under shade. Native and natural pastures had
higher abundance of M. stipoides. Cultivation and sowing of exotic pasture
species initially reduces the abundance of M. stipoides but it could reinvade
the paddock after several years. Total amount of superphosphate applied, type
of grazing animal, and grazing method were not associated with the abundance
of M. stipoides.

INTRODUCTION

Natural pastures, comprising about 80% of the grazing land on the Northern
Tablelands of New South Wales, are usually dominated by warm- season
frost -susceptible grasses whose feed value declines markedly during winter.
Microlaena stipoides (Labill.) R.Br. is one of the year -long green native
grass species which has potential as a pasture component (Lodge and Whalley
1989). The aim of this study was to investigate the effects of differences
in land management on the abundance and distribution of Microlaena stipoides
on the Northern Tablelands of New South Wales.

METHODS

Thirty -three properties were selected throughout the Northern Tablelands and
in each property, three paddocks with different degrees of management
intensity were surveyed.

Abundance of M. stipoides was estimated visually and information on tree
density, pasture improvement, cultivation, grazing stock, grazing method,
spell period, pasture species sown,and superphosphate and lime application
were collected on each paddock. The dependence between abundançe of M.
stipoides and each of the management factors was determined using X test.

RESULTS AND DISCUSSION

Pasture management factors that had highly significant associations with
abundance of M. stipoides were tree density and pasture improvement (Table 1).
A higher proportion of paddocks with no M. stipoides had no trees and the
proportion decreased with increase in tree density. It has been well
documented that M. stipoides is more commonly found around tree stumps and
under tree canopies (Magcale -Macandog and Whalley 1991). Pasture improvement
had a negative association with the abundance of M. stipoides. Native and
natural pastures had a higher proportion of paddocks containing M. stipoides
in the shady and open areas.

Soil disturbance had a negative association with abundance of M. stipoides
(Table 1). Paddocks that had been cultivated in the last five years had the
highest proportion of paddocks having no M. stipoides while paddocks that had
never been cultivated for 20 years or more had higher proportion of paddocks
having dense M. stipoides. Minimal cultivation (cultivation for pasture
establishment) and no cultivation was associated with high abundance of M.
stipoides both in the shady and open areas of the paddocks. Cultivation,
either for cropping or for sowing improved pastures, results in the
destruction of M. stipoides. However, it does tend to re- invade pastures
particularly following droughts (Lodge and Whalley 1989).
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Paddock characteristic x2 values

tree density 21.6 **

pasture improvement 30.4 **

period since last cultivation 19.4 *

degree of cultivation 24.6 *

spell 18.1 *

stock 17.1 NS

graze 9.5 NS

species sown 14.7 NS

total fertiliser 7.2 NS

lime 8.2 NS

Table 1. x2 values for the test of independence between abundance of M.
stipoides and the different pasture management factors.

The lack of association between abundance of M. stipoides and stock and
grazing method could be related to the prostrate growth habit of M. stipoides
(Lodge and Whalley 1989) which rendered it more resistant to heavy grazing
than upright species.

The lack of association between the total amount of phosphate fertiliser
applied and abundance of M. stipoides paralleled the findings of Munnich et
al. (1991) in the Goulburn District, NSW.
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THE INVASION OF GRAZED PASTURES BY JUNCUS SPP. ON THE NORTHERN TABLELANDS
OF NEW SOUTH WALES IN RESPONSE TO A CHANGE IN SEASONAL RAINFALL PATTERNS

C E Jones and R D B Whalley

Department of Botany, University of New England, Armidale, NSW.

ABSTRACT

During the last decade, five species of perennial Juncus have invaded and
colonised large tracts of relatively well- drained agricultural land on the
Northern Tablelands of NSW. The species concerned are prolific seeders and
the almost microscopic seeds are extremely long -lived. However, they can
germinate only on or very near the soil surface and have a high requirement
for both light and moisture during the establishment phase. It is
hypothesised that ideal conditions for these autumn- germinating Juncus species
were created during the 1980s when unseasonally wet autumn weather maintained
surface soil moisture levels for several weeks in succession and the ground
cover of other species had been much reduced as a result of the preceding dry
summers. Once established, these perennial plants appear to be reasonably
tolerant of dry conditions.

INTRODUCTION

Perennial Juncus spp. (pinrushes) have traditionally been regarded as
indicator species for seasonally or permanently moist habitats such as
groundwater seepage areas, wetlands and riparian zones. Over the last 5 -10
years however, five native species, Juncus subsecundus, J. australis, J.
filicaulis, J.sp. 'H' and J. vaginatus have colonised dryland habitats.

THE SOIL SEED BANK

The seeds of Juncus spp. are too small to be seen in detail with the naked
eye. They are produced in capsules in the inflorescence, which open and
release the seeds at maturity. Preliminary calculations reveal that one
tussock of J. sp. 'H' or J. australis can produce about 200,000 seeds per
annum. For dense infestations of around 20 tussocks /m2 this represents the
potential addition of 4 million seeds /m2 to the soil seed bank each year.
Some Northern Hemisphere Juncus species form large and very persistent seed
banks (Oosting and Humphreys 1940, Moore and Wein 1977) with seed remaining
viable for up to 60 years (Evans 1962). It seems reasonable to suggest the
likelihood that the tiny, hard seeds of our perennial Juncus spp. are also
extremely long -lived. These small seeds could have been dispersed by wind,
water, stock and machinery movements over many decades on the Northern
Tablelands, resulting in an accumulated seed bank covering large tracts of
agricultural land. In many situations there can be abundant Juncus spp. seeds
in the soil and no, or very few, adult plants present (Williams 1984, Frank
and Del Moral 1986). However, if there is a change which renders conditions
suitable for the germination and establishment of Juncus spp., recruitment
from the previously inactive soil seed bank can give rise to Juncus spp.
dominance (Frank and Del Moral 1986).

GERMINATION AND ESTABLISHMENT

Our initial glasshouse and laboratory tests indicate that the requirements for
successful Juncus spp. establishment are the continued availability of
moisture at the soil surface for 2 -3 weeks, relatively high light levels and
fluctuating temperatures in the range 15 -25 °C. In grazing exclosures
monitored during 1991 and 1992, the emergence of Juncus spp. seedlings has
been recorded only in the months of March, April and May.

SEASONAL RAINFALL PATTERNS

An analysis of 125 years of rainfall data for Armidale showed that on average,
summer rainfall was almost double that of autumn or winter rainfall, with
January being the wettest and April the driest, months of the year. This
pattern was exemplified by the average rainfall recorded for the decade

313



1970 -1979. Under this climatic regime, there was adequate rainfall for good
summer pasture growth in most years, resulting in the presence of reasonable
levels of ground cover in autumn. The autumn period was then generally dry.

It is hypothesised that the germination requirements for Juncus spp., that is,
high levels of both light and moisture at the soil surface, coincident with
the natural periodicity of emergence in autumn, were not met in dryland
pasture habitats under these conditions. Rainfall was below average and very
erratic for the 3 years 1980 -1982. Following this drought there was a
reversal in the long -term average rainfall pattern, with drier summers and
wetter autumn /winter periods experienced during the years 1983 -1990 than
previously. It is postulated that these unseasonally dry summers and wet
autumns created ideal conditions for the establishment of Juncus species,
which would have been particularly favoured by the removal of ground cover
during the drought. For 8 years in succession, reduced levels of pasture
cover resulting from heavy grazing pressure during the dry summers would have
allowed more light than usual to reach the soil surface. If the relatively
bare soil surface then became wet and remained so for several weeks in autumn,
Juncus spp. establishment in dryland habitats in which a seed bank had
accumulated, would be possible.
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MANIPULATION OF POPULATIONS OF VULPIA SPP.
BY GRAZING MANAGEMENT ON THE NORTHERN TABLELANDS OF NEW SOUTH WALES

C E Jones and R D B Whalley

Department of Botany, University of New England, Armidale, NSW.

ABSTRACT

Vulpia species are introduced cool- season annual grass weeds which have low
dry matter production and the capacity for very high seed production. The two
periods of the year during which Vulpia populations are most vulnerable to
manipulation are spring, when adult plants produce seed and replenish the soil
seed bank, and autumn, when seeds germinate and deplete the seed bank. Field
experiments were commenced at two sites in winter 1991 to determine the
effects of heavy spring and autumn grazing pressure. In spring 1991, heavy
grazing pressure applied for two weeks immediately following panicle emergence
reduced seedling densities in autumn 1992 by 99.8% at site 1 and 81 .5% at site
2. The effect of heavy autumn grazing pressure on recruitment, seedling
survival and plant establishment is currently being assessed.

INTRODUCTION

Vulpia spp. originated from the Mediterranean region and have successfully
invaded large tracts of land in southern and eastern Australia. They are
considered undesirable components of pastures due to their relatively low dry
matter production and their capacity to produce large numbers of
sharp -pointed, awned seeds which are both a contaminant of wool and a cause
of mouth and eye injury to grazing animals.

METHODS

Two sites situated on reasonably fertile soils derived from basalt parent
material and previously sown down to a mixture of Phalaris aquatica and
Trifolium repens were selected near Armidale NSW. Native and naturalised
species, including Vulpia bromoides and V. myuros, had recolonised both sites
since pasture improvement. Site 1 was grazed continuously at 15 d.s.e. /ha
while site 2 was used only for autumn joining (April) and spring lambing
(September). During these short periods the 0.5 ha paddocks at site 2
contained 20 sheep.

Areas within each paddock at each site wits established Vulpia spp. population
densities of approximately 1000 plants /m (range 850 -1150) were permanently
marked in July 1991. The designated areas were then either heavily grazed
(100 d.s.e /ha) for two weeks following the panicle emergence of Vulpia spp.
in October 1991 or stock were excluded and they were not grazed during that
time. There were eight replications of each treatment at each site.

Six 10 x 5 x 4 cm intact rectangular soil cores were taken from each
designated area in September 1991, prior to seed -fall, and a further six in
February 1992, following seed -fall. This allowed the residual seed bank (i.e.
the seed already present as a result of flowering in years prior to 1991) to
be calculated so that replenishment in 1991 could be more accurately
determined. The cores were embedded in trays of sand in a glasshouse and
maintained in a moist condition. The Vulpia spp. seedlings present were
recorded and removed each month.

RESULTS

Heavy grazing at the time of Vulpia spp. panicle emergence in spring 1991
reduced Vulpia spp. seed bank replenishment by 99.8 %, from 16,941 to 33/m2 at
site 1 and by 81.5% from 2,091 to 387/m2 at site 2. Replenishment was
calculated from seedling emergence in soil cores and the data presented are
for the period ending June 1992.
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DISCUSSION

The lambing /joining paddocks used at site 2 were grazed for only two short
periods of the year and in spring were characterised by tall standing pasture
with a high proportion of stem material. Furthermore, the only stock
available for the grazing treatment at this site were rising 2 -tooth Merino
hoggets which were reluctant to eat the pasture on offer and were supplemented
daily with grain sorghum to maintain bodyweight.

Despite the difficulties encountered at site 2, Vulpia spp. population
densities in autumn 1992 following grazing the previous spring were reduced
81.5%. This was bettered by the 99.8% reduction obtained under the management
regime prevailing at site 1, in which continuous stocking throughout the year
maintained pasture height at a moderate level so that in spring the Vulpia
spp. were not camouflaged by rank pasture and were readily accessible to the
adult Merino wethers used for the grazing treatment.

These preliminary results clearly indicate that the application of strategic
grazing pressure in spring can dramatically affect Vulpia spp. seed banks and
hence population densities in the following year. The heavy grazing pressure
must coincide with Vulpia spp. panicle emergence and the type of livestock
used for the grazing should be effective in removing the developing panicles.

Spraytopping with herbicide can also be used to reduce seed -set in spring.
Under ideal conditions the level of control achieved is around 70 -80% but in
many years is considerably less. The risk of spray -drift on windy days or the
onset of wet weather can make it difficult to coincide herbicide application
with early panicle emergence. These problems are not encountered with the use
of strategic grazing management.

The seed bank dynamics of Vulpia spp. will continue to be monitored at both
sites to assess the effectiveness of the grazing management technique in the
longer term.
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SHORT TERM CHANGES IN PASTURE BIOMASS AND SPECIES COMPOSITION
UNDER DIFFERENT GOAT AND SHEEP GRAZING STRATEGIES.

C.M. Torpy, S.J. Muir and R.A. Stanton

NSW Agriculture, Cobar

ABSTRACT

The effects on pasture biomass and composition of two goat grazing treatments
(few goats /long duration and many goats /short duration) are compared with a
low sheep stocking strategy. At the end of both goat stocking treatments
pasture biomass levels were lower than the sheep stocking treatment. Compared
to light goat stocking for a long period, heavy goat stocking rates for short
periods depleted pasture reserves more rapidly but resulted in a greater
biomass after an 18 month spelling period, suggesting these pasture species
were more tolerant of short periods of total defoliation than longer periods
of partial defoliation. Rainfall was below the long term average for three out
of the four years of the experiment. Under these conditions perennial grasses
were the most persistent component of the pasture, their proportion increasing
threefold over this period.

INTRODUCTION

In semi arid rangelands the two major determinants of pasture biomass are
rainfall and grazing by herbivores. The effects of grazing are usually
overshadowed by extremely wet or dry periods. Winter and summer rains will
differ in their effect on species composition. While some species have a
specific growing season it has been shown that good winter or summer rainfall
will encourages germination and growth of annual pasture species. Perennial
grasses are more persistent but their contribution to biomass is usually lower
than that of annual forbes and grasses, Robertson (1987). Some long living
perennials such as woollybutt (Eragrostis eriopoda) will persist through
extremely dry periods, while other short lived perennials such as wire grass
(Aristida browniana and A. contorta) are less persistent under such conditions
(Grice and Barchia 1992).

The intensity and frequency of grazing will also influence pasture biomass and
compostion. Goats have been successfully used to reduce the density some woody
weed species (Green 1983, Davies and Mitchell 1984, Harland 1988, and Muir
1991) but little is known about their impact on the pasture layer. If
defoliation of pasture is severe and prolonged biomass can be reduced and
undesired changes in botanical composition may result (Vallentine 1990). This
paper discusses the short terms changes in pasture under goat stocking rates
designed to achieve shrub control.

METHODS

These data were collected over a 4 year period between 1988 and 1992 at
"Lynwood" experimental site located 130 km NW of Cobar. The soils are sandy
red earths characterised by a high density of woody weeds, in particular
Hopbush (Dodonea viscosa). Rainfall is typically highly variable and
aseasonal. The annual rainfall for 1988 was 433.5 mm which contrasts with
1989,1990,1991 with annual totals of 277.0, 309.5 and 110.5 mm respectively,
well below the long term average of 350 mm. In most years the wettest months
occurred between March and June.

The 800 ha experimental site consisted of 16 X 50 ha paddocks subject to a
range of goat and sheep grazing treatments. Data used in this paper were
derived from 2 replicates of three of these treatments. i) low sheep - 0.2
sheep /ha for 4 years ii) low goats - 0.7 goats /ha for 3 years (1988 - 1991)
and iii) high goats - 0.4 goat /ha for 18 months, 4 goats /ha for 9 months from
January 1989, spelling for 3 months and restocking at 1 goat /ha for 2 months.

Yield and botanical composition were assessed annually in June /July using 150
X 0.25m2 quadrats in each paddock. Total biomass and species composition was
assessed using a double rank and comparative yield technique (Haydock and Shaw
1975).
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RESULTS AND DISCUSSION

Pasture biomass levels declined by 76 - 90% under all grazing strategies over
the four year period (Fig.1.). The rate of decline was greatest for the high
goat /short duration treatment (Fig 1.b.) and slowest for the low sheep
treatment (Fig 1.c). At the time of goat destocking the low sheep treatment
had a mean pasture biomass of 72 Kg /ha in contrast to both goat treatments
where biomass levels were below 15 Kg /ha. The high goat /short duration
treatment however, had the greatest biomass at the end of the experiment (129
Kg /ha) despite having a higher average stocking rate (1.41 goats /ha) than both
other treatments. This suggests that under these field conditions pasture
species are capable of tolerating heavy grazing for short periods and the high
intensity /short duration grazing strategy favours the regrowth of pasture
compared to the other two stocking strategies. Long term monitoring of pasture
biomass and its composition will validate this.

Overall the perennial grasses were the most stable component of the pasture.
The contribution of E. eriopoda to total biomass over the four years increased
from approximately 16 to 45 % reflecting the severity of the dry years
treatment. Under the low sheep treatment Aristida spp. maintained at about
13 % of the total pasture biomass which compares to both goat treatments where
their contribution declined, indicating that goats found this species more
palatable than did sheep. The small contribution of the family Chenopodiaceae
to total biomass disappeared under the sheep treatment after the first year.

In both goat stocking treatments pasture biomass declined to extremely low
levels. Destocking on the high goat treatment was necessary as pasture biomass
levels fell rapidly to below 10 Kg /ha. A spelling period of 18 months was
required to regain biomass levels of 80 - 129 Kg /ha. The success of using
these goat stocking strategies to reduce woody weed density will depend on the
long term response of pasture species.
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ASTREBLA GRASSLANDS - A RESILIENT ECOSYSTEM

D.M. Orr,

Brian Pastures Research Station, Gayndah. Q. 4625

INTRODUCTION

Throughout its range, the long term persistence of Astrebla spp. is achieved
through the extended life span of existing tussocks, as well as recruitment of
new plants. Recruitment occurs irregularly, particularly at the extremes of
this geographic range in Queensland (Orr 1991). Recruitment depends on the
size of the soil seed bank at the start of summer and favourable rainfall
during summer (Orr and Evenson 1991). In northern regions, recruitment also
appears to be restricted by high densities of Iseilema spp. although few data
are available (Orr 1991). This paper reports on the demography of Astrebla
spp.in relation to grazing, particularly the recruitment of Astrebla spp. in
relation to the dynamics of the soil seed banks of Iseilema spp.

METHODS

A grazing trial incorporating five levels of use of the forage available at the
end of summer was established in Astrebla spp. grassland near Julia Creek,
Queensland. In May 1984, sheep numbers were set so that anticipated proportions
of 10,20,30,50 or 80% of the total forage available would be consumed in the
treatment paddocks over the ensuing year. Subsequently in April each year, the
total forage available in each paddock was determined and sheep numbers were
altered to' maintain these levels of utilisation. The demography of Astrebla
spp. populations was monitored in permanently located quadrats in the 10,30,50
and 80% utilisation treatments using the methodology of Orr and Evenson (1991).
The density of Iseilema spp. was counted in each quadrat each year.

The germinable seed banks of Astrebla spp. and Iseilema spp. were determined
from soil cores collected from each paddock in October each year. Fifteen
cores, each 12 x 12 cm, were collected in each paddock and seeds were
germinated (Jones and Bunch 1988) and seedlings identified and counted.

RESULTS

Seasonal rainfall varied greatly among years (Figure 1).
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Figure 2. Survival (9%) of mature Astrebla spp. tussocks at four levels

of grazing pressure between 1984 end 1982.

The survival of mature tussocks (>5 cm diameter in 1984) was greatest at 30%
and least at 80% (Fig. 2). Recruitment of Astrebla spp. occurred irregularly
but a large recruitment occurred in 1989. This recruitment was independent of
grazing pressure but was associated with a low density of Iseilema spp.(Fig 3).

The 1989 recruitment was associated with a large seed bank of Astrebla spp.
relative to that of Iseilema spp. in October 1988 (Fig. 4). By October 1991,
the seed bank of Iseilema spp. had increased with the above average summer
rainfalls since 1989 -90 at 10, 30 and 50% but was absent from the seed bank at
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80 %. The seed bank of Astrebla spp. failed to increase with the above average
summer rainfalls since 1989 -90.
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Figure 3. Recruitment (plants /m2) of (a) Astrebla spp. and (b) Iseilema spp.
at four levels of grazing pressure between 1984 and 1992.

Year

1000

800

600

400

200

o

(b)

1984 1986 1988

Year

1990 1991

Figure 4. Germinable seed bank (seeds /m2) of (a) Astrebla spp. & (b) Iseilema
spp. at four levels of grazing pressure between 1984 and 1992.

DISCUSSION

Astrebla spp. has shown itself resilient to a wide range of grazing pressures.
However, the reduced survival of mature tussocks at 80% and also the
elimination of Iseilema spp. from the seed bank suggest that continued
utilisation at 80% may cause detrimental changes in these pastures.

The recruitment of Astrebla spp. in 1989 was unusually large and similar to
that recorded at the southern end of Astrebla grassland in 1983 (Orr 1991). In
both events, the Astrebla spp. seed had been produced two summers previously
and had not germinated in the summer following its production due to drought.
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ISPD - INTEGRATED SYSTEM FOR PLANT DYNAMICS:
A COMPUTERISED TOOL FOR CONDITION AND GRAZING CAPACITY ASSESSMENTS

ON PADDOCK LEVEL

O.J.H. Bosch & J. Booysen

Dept. Plant and Soil Sciences, Potchefstroom University for CHE,
Potchefstroom, 2520, South Africa.

INTRODUCTION

Increasing demands for the improvement of production, management and
conservation of rangelands necessitate the efficient, fast and accurate
dissemination of knowledge from all spheres of ecosystem management to the
end user.

A comprehensive system has therefore been developed in which new and
existing data and knowledge are used as a basis for range condition and
grazing capacity assessment and for defining appropriate management options
to maintain or improve the condition and capability of the range (Booysen &
Bosch, 1992).

The System

The design of ISPD (Bosch & Booysen, 1992) was influenced by the goals set
to accommodate the end user:

to accommodate users with little computer experience

to optimise information presentation by means of graphical depiction of
results in a multi- window environment

to accommodate maximum heuristic reasoning -power and analysing
confidences

to ease implementation in less -understood rangelands, and

to provide the user with a tool to combine processes (simulation
models) and declarative procedures (expert system) in order to obtain
the most objective answer.

The structure of the Integrated System for Plant Dynamics (ISPD) is
outlined in Fig. 1.

The relational data base handles all the storage needs of the total system
(Stevens, 1987) and consists of four basic sections:

1. Survey data section

Vegetation and habitat data are stored in this section. The nature of
the data (composition or canopy cover or basal cover, etc.) depends on
survey techniques used in the particular area.

2. Statistical result section

Degradation models constructed from survey data serve as a basis for
condition assessment (Bosch & Gauch, 1991). These models, as well as
graphical displays of vegetational changes and possible thresholds, are
stored in this section. If quantitative data are not available, a
qualitative condition assessment approach is used which requires
information on the ecological status of species (Bosch, et al., 1989).

3. Inference trees for grazing capacity assessment

Grazing capacity is determined by means of an expert system approach
(Stols, et al., 1992). The researcher enters his or her own inference
trees (heuristic reasoning by which the grazing capacity will be
determined), as these will differ for different areas.
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Management options for improving the condition and capability of the
range will also differ in different areas. The researcher is therefore
allowed to develop inference trees to build the management options that
are applicable to the area into the expert system.

4. Inference inputs

The nature of the inference trees constructed by the researcher
determines the type of species data and models that will be required as
inference inputs for assessing the grazing capacity and determining the
appropriate management options for the area under consideration.

DATABASE

Survey data

Statistical
results

Analytical
module

Quantitative

Ecological
status of
species

Qualitative

Inference trees

Grazing capacity

Inference inputs

Species data

Simulation model

Runtime
Questions

Condition
assessment
module

V
Grazing
Capacity
Assessment

Management
options

Figure 1. Schematic presentation of the basic components of the
Integrated System for Plant Dynamics

The condition assessment module allows the user to quantitatively or
qualitatively assess the condition of a particular area of rangeland. The
assessment involves the incorporation of a new survey (paddock) from a
particular relatively homogeneous grazing area into an existing degradation
model (which has been constructed with quantitative or qualitative data).
Interpretation of the range condition index (position on the degradation
gradient) is conducted in conjunction with a descriptive model, e.g.
comparison of the position of a site on the gradient with position of
thresholds on the gradient, defines the recovery potential of that site.

Once the condition has been assessed, an expert system approach is used to
calculate the grazing capacity of the area of vegetation. The appropriate
inference model (heuristic reasoning of the researchers in an area to
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calculate grazing capacity) is selected and the expert system, in
combination with the inference inputs (as required by the inference tree)
and various runtime questions (also defined by researchers) are used to
determine the grazing capacity of the particular area of vegetation under
consideration.

The expert system finally suggests the most appropriate management options
to maintain or improve the condition and capability of the system.

CONCLUSION

ISPD evolved from research and the development of products servicing
various aspects of plant ecosystems dynamics, locally and internationally.
It has the inputs of scientists with a variety of research backgrounds and
experiences. ISPD provides a useful means by which research data and
existing knowledge can be stored, and most importantly, by which the
information becomes available to the grazing industry for direct
application.

The extensive help facility of ISPD can be customised by users according to
their needs and choice of language, without programme modification. It is
envisaged that flexible help facilities, incorporation of a qualitative
approach, and the advanced user - friendly interface concepts of ISPD will
assist its application in many of the less -understood rangelands of the
world.

REFERENCES

Booysen, J & Bosch, O.J.H. 1992 An Integrated System for Plant Dynamics
(ISPD): Configuration of a DSS applied in natural resource
Management. Proc. Expert 92 Congress, CSIR, May 1992, Pretoria,
South Africa.

Bosch, O.J.H. & Booysen, J. 1992. Rangeland condition and capability
assessment as a basis for management decisions on farm level. In:
Proceed. IV th International Rangeland Congress 22 - 26 Apr. 1991,
Montpellier, France.

Bosch, O.J.H. & Gauch, H.R. 1991. The use of degradation gradients for the
assessment and ecological interpretation of range condition. J.

Grassi. Soc. South Afr. 8(4): 138 -146.

Bosch, O.J.H., Kellner, K. & Scheepers, S.H.E. 1989. Degradation models and
their use in determining the condition of southern African
grasslands. Proc. XVI nt. Grassi. Congr. Oct. 1989., Nice, France.

Stevens, A. 1987. C. Data Base Development. MIS Press, Inc. Portland,
Oregan. 312p.

Stols, S.H.E., Booysen J. & Bosch, O.J.H. 1992. An Integrated System for
Plant Dynamics (ISPD): Development of a customised expert system
for natural resource management. Proc. Expert 92 Congress, May
1992, CSIR, Pretoria, South Africa.

324



LAKE MERE REVISITED: DROUGHT AND THE IMPORTANCE OF PERENNIAL GRASS

David Freudenberger1, Robert Palmeri and Allan Wilson2

1CSIRO Division of Wildlife and Ecology, PO Box 84 Lyneham ACT 2602
2iCal Col" Deniliquin, NSW 2710

INTRODUCTION

The Lake Mere grazing study was established in 1987 to determine the
relationships among the stocking rates of sheep and kangaroos and the dynamics
of wool production, forage yield and range condition. Preliminary results
(the first three years) were reported in Wilson (1991a,b). The study
continues, and the range of grazing intensities imposed on the site has now
resulted in marked differences in forage composition and yield. Plant
productivity has declined owing to a grazing induced loss of perennial grass
at high stocking rates. This loss in productivity is most apparent during
drought, as reported below.

METHODOLOGY

The study site is located 170 km north -west of Cobar in a mulga woodland that
receives a median rainfall of 275 mm. The geomorphology and vegetation of the
site is described by Tongway and Ludwig (1990) . The study site was subdivided
into 12 plots varying in size from 7.5 -30 ha and fenced to control kangaroos.
Normally, each plot is stocked with 6 weaner wethers or six wethers and six
kangaroos. The plots with kangaroos are 50 % larger (see Wilson 1991a for
details). Owing to drought during 1991 -92, only 4 of the plots have been
stocked with 5, 2 year old merino wethers /plot at nominal stocking rates of
0.3 and 0.4 /ha.

Liveweights of sheep and forage on offer were measured quarterly (Wilson
1991a). Results from the sheep only plots are reported here. Similar results
were found for the sheep plus kangaroo plots.

RESULTS

The last general rain was in February 1990 which resulted in abundant growth
of perennial grass on the light to moderately stocked plots. As seen in Fig.
1, little effective rain has fallen since, except for 85 mm over two
consecutive days during December 1991. Prior to this rain, there was minimal
green leaf available in any of the plots (Table 1). In the lightly stocked
plots, there was a bulk of dry feed consisting of perennial grass
(Thyridolepis mitchelliana, Monochather paradoxa, Aristida jerichoensis and
Eragrostis eripoda), but its quality was only sufficient to maintain weight
in mature wethers. In the moderately and heavily stocked plots, there was
insufficient forage for maintenance of sheep liveweight.

After the rain, all the plots yielded a small quantity of green leaf. The
total production of green leaf would have been greater in the lightly stocked
plots as some of it was grazed. The majority of the green leaf in the heavily
stocked plots came from Aristida contorta (kerosene grass) which rapidly
disintegrated. The quantity of dry forage continued to decline, much of it
due to senescence. However, the small quantity of available green leaf was
sufficient to markedly boost sheep liveweight (Table 1). Liveweight gain was
approximately 300 g/d during the six weeks after the rain, assuming the sheep
gained little weight during the six weeks prior to the rain in December. By
June, green leaf had disappeared and the sheep were, at best, maintaining
weight.
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Table 1 Forage on offer and liveweight gain pre and post summer rain (tSE)

DATE
DRY FORAGE
(kg DM /ha)

GREEN LEAF
(kg DM /ha) LIVEWEIGHT (kg)

Light stocking (0.3 -0.4 sheep /ha)

December 1991 311±32 <1 30.8±1.2

March 1992 165±36 15±5 46.4±1.4

Moderate stocking (0.5 -0.6 sheep /ha)

December 1991 148±90 <1 Destocked

March 1992 94±72 19±4 Destocked

Intensive stocking (0.7 -0.8 sheep /ha)

December 1991 61±28

March 1992 50 ±8

<1

12±5

Destocked

Destocked

Figure 1. Quarterly rainfall at Lake Mere Research Facility

DISCUSSION

Wilson (1991a) has shown that the yield of green leaf accounts for 89% and 82%
respectively of the variation in annual clean fleece weight and liveweight
gain in sheep. Live weight gain is particularly sensitive to the availability
of green leaf below 50 kg DM /ha. The results from the current drought
emphasise this point; without the green leaf produced after the December rain,
the large bulk of dry feed was maintenance fodder at best. However, with just
15 kg /ha of green leaf, (it alone could only support a few sheep for a few
weeks), in combination with the bulk of dry feed, supported substantial gains
in liveweight and undoubtedly wool as well. As shown in numerous
supplementation experiments (Review: Preston and Leng 1987), green leaf is
high in rumen digestible nitrogen and energy which acts to support rapid
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microbial growth and metabolism, which markedly boosts the digestion of
cellulose and the flow of protein to the intestines, which in turn boosts feed
intake and body growth.

Without the maintenance of a palatable perennial component in this type of
non -seasonal rangeland, little advantage is gained from these common, but
isolated rainfalls and droughts continue with subsequent losses in sheep
production.
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A SYSTEM FOR OBJECTIVE CONDITION ASSESSMENT OF ASTREBLA SPP PASTURES AT THE
PADDOCK LEVEL FOR BETTER GRAZING MANAGEMENT.

D. G. Phel pst, J. J. Bushel l 1, 0. J. H. Bosch2, D. J. Ken t 1 and I. F. Beale3

1Arid Zone Institute, Longreach, Queensland 4730
2Dept of Plant and Soil Sciences, Potchefstroom University for Christian

Higher Education, Potchefstroom 2520, South Africa
3Arid Zone Institute, Charleville Pastoral Lab, Charleville, Queensland 4470

ABSTRACT

Floristic composition was used as a basis for objective condition assessment.
A degradation model was constructed from data collected in 1990 and 1991, and
used to indicate the trend in condition of two paddocks between 1990 and 1992.
The trend was away from the poorer end of the condition scale, due to a
combination of seasonal and grazing effects. A paddock initially in "poorer"
condition did not improve as much as a paddock in "better" condition.

INTRODUCTION

This paper presents interim quantitative results using the Degradation
Gradient Method (DGM) of Bosch and Gauch (1991). The DGM is based on
floristic composition and appears to be well suited to grassland assessment
and monitoring at the paddock level.

METHODS

50 sites under a range of grazing pressures were chosen in the Astrebla
grasslands around Longreach, Australia (lat. 23 °26 "S, long. 144 °17 "E) for
floristic surveys via a step point technique (Evans and Love 1957).

Multivariate ordination techniques (Bosch and Gauch 1991; Hill and Gauch 1980)
were used to construct DGMs (Bosch and Kellner 1991, Bosch and Gauch 1991)
from the above data, using the "Integrated System for Plant Dynamics" (Bosch
et al. 1991) software package.

Floristic surveys of two paddock sites were conducted in June 1990 and March
1992, one in a paddock of "poorer" condition and one in a paddock of "better"
condition. These sites were part of a grazing trial which began in June 1990.
This data was analysed using ISPD and previously constructed DGMs.

RESULTS

The most suitable DGM (from comparison of the paddock residual scores) was a
model using data from recordings in Jan. 1990 and April 1991 (Fig. 1). The
data was suitable to be combined as the rainfall patterns preceeding recording
(131mm in Nov. 1989 and 371mm over Jan. /Feb. 1991) produced similar floristic
compositions. The individual condition scores for the two paddock sites at
June 1990 were 27.5 and 36.2. By March 1992, the sites had improved in
condition (Fig. 1).

DISCUSSION

Accuracy in obtaining a condition score for a site is a function of the
similarity between the floristic composition of the paddock site and the
chosen model (Bosch et al. 1991). Construction of models after major climatic
events should ensure that a large proportion of the potential floristic
compositions are included and that most new data can be accurately
interpreted.: We suggest that 10ío 15 recordings should provide a basis for
practical condition assessment and monitoring procedures for the Astrebla
grasslands of Longreach.

It is possible to use the DGM to provide landholders and managers with an
objective score for individual paddocks at a point in time. Recommendations,
based on other research, can then be made to manipulate the condition of that
paddock to a more desirable level.
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Studies in the trends of pasture condition are also possible. The paddock
sites provide an example, moving away from the degraded end of the gradient.
This would have been due to favourable seasonal conditions between the first
and second recordings, alterations in fencelines and watering points and
changing from a stocking rate to a level of 40% utilisation.
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Fig 1. The mid to late summer degradation model for the Longreach region,
showing the trend of improved condition for two paddocks: arrows
indicate direction of movement; p= "poorer" paddock; b = "better "paddock.

The paddock in "poorer" condition did not improve by the same magnitude as the
paddock in "better" condition (Fig. 1). This stresses the need to maintain
paddock condition at a floristic composition which can be more readily
manipulated.

CONCLUSIONS

During the climatic sequence between 1990 and 1992, pasture condition
improved. One site which began in 'poorer' condition, did not recover
successfully. A greater understanding of the dynamic effects of grazing and
climate on floristic composition was obtained using ISPD.
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HOW CATTLE ARE MANAGED IN CENTRAL WESTERN QUEENSLAND

S. Muller

Queensland Department of Primary Industries, Longreach, Qld 4730

ABSTRACT

A mailed questionnaire was sent to properties in twelve shires of central
Western Queensland in May 1990. One in four of the total properties in the
region completed a survey. Data was analysed on land -type. The information
gained is a baseline of production and management details which will be used
by research and extension staff the region.

INTRODUCTION

The central western region of Queensland, as defined in this report, covers
390 000 square kilometres. This area runs over seven percent of the states
beef cattle, with wide fluctuations due to season and commodity prices. A
situation statement for the beef industry in this region was necessary, to
give a base -line of information for departmental staff to plan future work
directions.

METHODS

A postal survey was sent to 70% of properties in the region with greater than
100 cattle. 51% (212) of the posted surveys were returned. The raw data was
analysed on a S.P.S.S. package, firstly on a whole region basis and then on
a land type basis.

SUMMARY OF RESULTS

Breeder and heifer management

* Most heifers were joined between 12 = 18 months of age on the two better
classes of country (mitchell downs and frontage country), but were left
until 19 - 24 months of age on desert country.

* Most frontage properties did not separate maiden heifers and mature breeders
for joining, but approximately half did on mitchell downs and desert
properties.

* Only 20% of respondents utilised pregnancy testing.
* Breeder and heifer mortality rates were 2.4% and 2.2 %.
* Most breeders were culled between 8 and 10 years of age but a large number

also culled at greater than 10 years of age.

Bull Management

* 20% of mitchell downs properties used a single sire mating system. Other
land types did not.

* 10% of frontage properties removed bulls for part of the year. Whereas 30%
control mated on mitchell downs and desert properties.

* The average joining percentage was 4 %. Joining percentage was higher for
frontage properties and lower for mitchell downs.

* Bulls were mostly culled between seven and eight years of age (41 %). The
remainder were split evenly between younger and older ages.

Calf management

* The average branding percentage was 76% (10 percent above state average).
* Branding was done throughout the year, with slight increases in autumn and

spring.
* Most calf mortality occurred between birth and branding and averaged two
percent. Ten percent of respondents had no calf mortalities. Causes of
death varied but dingoes and wild dogs were the most frequently mentioned.
Two thirds of respondents baited for dingoes and pigs. Baiting with 1080
was used almost exclusively.
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* Calves were weaned at an average age of six months in a "normal" year and
between three and six months in a "drought" year.

Pests and Diseases

* The main pests reported were dingoes, and wild dogs, foxes, pigs, kangaroos,
rabbits, eagle hawks, donkeys, brumbies, and emus (93% of respondents on
frontage properties, and by just over 60% on the other two land types).
Buffalo fly was frequently mentioned on all land types and ephemeral fever
(frontage), lice (mitchell downs) and botulism (desert) were also common.

* Buffalo fly was treated by 60% of respondents. Over- sprays were the most
common treatment. Lice were treated for by just over one third of
respondents. One fifth of respondents treated for worms, with weaners being
the most commonly drenched. Desert properties treated against these
internal and external parasites more than other land types. Two thirds of
desert properties vaccinated for botulism, but it was not common on the
other land types. Vaccinations for diseases such as clostridials, ephemeral
fever, vibriosis, leptospirosis and tick fever was not common (<15% of
respondents).

* About one third of respondents had poisonous plant problems. Pimilea was
the main plant on the frontage and mitchell downs, and heartleaf on the
desert country.

* Most desert properties were considered phosphorus deficient. Almost a
quarter of frontage properties and very few mitchell downs properties did.

Production Sytems

* The major enterprise types were breeding and fattening (70 %) on frontage and
mitchell downs properties. Steers were sold as stores when season
disallowed fattening as a major enterprise. The opposite occurred on desert
properties. Stud breeding was minimal and occurred only on mitchell downs.

Marketing Strategies

* Distant major saleyards was the most frequently used selling method (39 %).
The other traditional methods were used equally.

* CALM was infrequently used, and only on mitchell downs.

Drought Management

* Selling some stock was the most common drought management strategy.
* Feeding supplements and agisting were the next common.

Supplementation

* In "normal" year conditions only a small proportion of frontage and mitchell
downs properties fed supplements (phosphorus, commercial mixes and protein
meal)

* In contrast, over half desert properties fed stock. (phosphorus, salt and
commercial mixes).

* In drought years supplementation rose on frontage and mitchell downs, but
the percentage of properties feeding remained well below half.
(Molasses /urea mixes, commercial mixes, protein meal and phosphorus were
fed)

* Most desert properties supplemented in drought years (82 %). The most common
foodstuffs were phosphorus, molasses /urea mixes, commercial mixes and salt.

Future Directions

* Improvement in the provision and or maintenance of waters and fencing were
the most common planned activities for the next five years.

* Issues affecting production were predominantly stock related with "quality
stock" appearing most commonly over all land types.
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Management Aids

* Less than a third of respondents used electric fencing, (most common length
was less than 10 km) or mustering aids (including spear- traps, laneways,
turning off waters etc.), with desert properties being the most frequent
users.

* A quarter of respondents weighed cattle, (mostly for the selection of the
most appropriate market or selling method /venue) and it was restricted to
mitchell downs and desert properties.

* Hormonal growth promotants were not frequently used.
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STOCKING RATE WORKSHOPS

Hugh Pringle, Sandra Van Vreeswyk and Don Burnside,

Department of Agriculture, Western Australia

INTRODUCTION

The Kalgoorlie and North East Goldfields Land Conservation Districts in
conjunction with the Rangeland Survey Team held two stocking rate workshops
in the North Eastern Goldfields.

The aim of the workshops was for pastoralists to participate in the
determination of recommended stocking rates for the North Eastern Goldfields
rangeland survey area. This was done for the major vegetation types over good,
fair and poor range condition. This information on long -term stocking rates,
independant of short -term seasonal conditions, was integrated into pastoral
management guidelines in the survey report.

METHOD

The participants were asked to identify whether a site was in good, fair or
poor range condition and what stocking rate they would give it in each of
these range conditions. The vegetation types were grouped according to
pastoral value and average stocking rates calculated to compare pastoralist
and adviser's assessments.

RESULTS

Average stockign rate in hectares /sheep

Pastoral value Participants Good range
condition

Fair range
condition

Poor range
condition

Low pastoralists 16 24 41

advisers 25 33 49

Fair pastoralists 13 18 29

advisers 17 23 37

High pastoralists 11 15 22

advisers 10 13 19

Very high pastoralists 8 12 19

advisers 7 10 15

DISCUSSION

The variation between participant's judgments of recommended stocking rate was
very high within both pastoralist and adviser groups. This may have been due
in part to confusion between seasonal condition and range condition. Both
groups had similar views about the impact of range condition on carrying
capacity. At most sites there was little difference between the average figure
for the two groups. However, pastoralists were more optimistic about the
carrying capacity of sites of low to fair pastoral value than were the
advisers. Conversely, the advisers were slightly more optimistic about the
capacity of very high value land.

CONCLUSION

Participants were provided with individual workshop reports so each could
compare their own judgments with the group averages. The workshops provided
'best -bet' stocking rates for various vegetation types which were used in
conjunction with grazing study results to produce recommended stocking rates
or the North Eastern Goldfields survey area. It was the first time
pastoralists had been directly involved in the rangeland survey reporting
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process. It is expected that this exercise will enhance the use of rangeland
resource information by the pastoralists.

RECOMMENDATIONS

This type of extension exercise, where local landholder's knowledge is used
to assist in producing land management guidelines, is highly recommended.
Greater pastoralist involvement will lead to greater acceptance and adoption
of management recommendations.
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PARTICIPATING WITH PRODUCERS
TO DEVELOP RECOMMENDED GRAZING PRACTICES

R.A. Clark and P.G. Filet2

Queensland Department of Primary Industries, 1Rockhampton, 2Emerald

ABSTRACT

In Central Queensland, the Local Consensus Data technique has been adapted to
capture producers' experience in the development of sustainable grazing
practices. Use of the technique has resulted in the description and
documentation of best -bet guidelines for grazing land management for local
areas. Researchers and extensionists have used producer information in
computer models to analyse current practices for opportunities to improve
production systems. The process provides for on -going producer participation
in the identification of extension and research priorities, and in the
development of strategies to maximise the adoption of new technologies.

INTRODUCTION

It is universally accepted that technology needs to be integrated with the
constraints of whole property management in order to achieve its adoption by
property managers. Too often researchers and extensionists offer technology
to producers without inviting the participation of end -users in the
development of relevant technology. The Local Consensus Data (LCD) technique
(Clark et al. 1990) has been adapted as a process to enable producers,
researchers and extensionists to develop the best available property
management systems for local grazing lands in Central Queensland.

THE PROCESS

Phase One - Description of local resources and production systems.

Officers of the Queensland Department of Primary Industries (QDPI)
participated with producers to identify local areas within each major pasture
community of Central Queensland. Each local area was considered to have
relatively homogenous grazing resources and climatic conditions, but was
distinctive enough to separate it from other local areas. A key producer in
each local area was asked to form a group of 6 - 8 producers, each with at
least 10 years of experience of managing properties in that area.

In a first step, these groups of producers met to describe local land types
and recommend management for optimal beef production with minimal degradation
of the natural resources. Producers recommended strategies and tactics for
stock and grazing management. They also recommended stocking rates and living
areas to enable management for sustainable land use. The recommendations were
recorded, documented and returned to the producers to be scrutinised for
accuracy. In a next step producer groups were asked to hold a second meeting.
At this meeting the document was discussed and improved.

Phase Two - Integrating technology into local production systems.

Researchers and extensionists were challenged to use their technologies to
improve on the producer recommended management systems for each local area.
Use was made of computer decision aids to determine the impact of options on
property economics (Clark et al. 1992). The inputs and outputs of the herd
model used in this exercise were discussed with participating producers.
Options for improvement were presented to other researchers and extension
staff in a workshop format. Participants in this "specialist workshop"
prioritised technology for extension and research needs.

Phase Three - Technology transfer and research prioritisation.

In this phase, specialist's priorities for extension and research are to be
discussed with producers in a workshop format. A process of self discovery
of the value of new technology will be used to optimise learning. Producer's
priorities for extension and research will be determined in this forum. This
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collaborative group will develop strategies for action to promote adoption of
extension priorities and to seek funding for research priorities. These
actions will initiate Phase Four.

RESULTS

Producers and QDPI Officers frequently stated that they had learnt a great
deal from the process conducted in the first meeting of phase One and that the
learning continued at the second meeting. Fig. 1 attempts to show that
learning and regular feed back about sustainable management occurs at each
phase in the process. This process of learning has occurred in 30 groups in
the major pasture communities of Central Queensland during the last year.

LEAerlNti
AU6TAINABIII'!Y

PHASES STEPS
I i First LCD meeting
I 2 Second LCD meeting
II Specialist Input (workshop)
III Grazier Response (workshop)
N Collaborative strategies /actions

Figure 1. A schematic representation of the learning and regular feed -back
about sustainable property management that occurs in the modified
Local Consensus Data (LCD) process.

Table 1. shows results from modelling to demonstrate the impact of different
technologies on production systems of the black spear grass pasture community
(Phase 2). Such comparisons will be a base for discussion with producers in
Phase 3.

DISCUSSION

The process described captures current producer experience and provides a
relevant situation statement. The process focuses research and extension
specialists on real production systems and provides a process for integrating
technology into the constraints of whole farm management. Bottle -necks in
production systems and gaps in information are identified for extension and
research. The process involves producer participation from the outset and
maintenance of regular feed -back to producers.
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Table 1. Estimates of the costs and returns for different management
options for a 4000 ha. black spear grass beef enterprise (Clark
et al. 1992).

Typical
enterprise

Early
weaning

Bullock
sales

Legumes &
bullock sales

Stocking Rate (ha /AE)
Annual Liveweight Gain (kg)

4.3
130

4.3
130

4.3
130

4.3
160

Total AE (AE = 450kg steer) 935 935 935 935
Total Head 1 134 1 127 1 119 960
Number: Weaners 330 335 304 282

Breeders 472 416 432 376
Bulls 14 13 13 12

Deaths: Cows 11 10 10 5

Growers 5 5 5 3

Weaning Rate ( %) 70 80 70 75

GrossCattle Income $ 138 828 142 287 149 150 162 126
Total Gross Income $ 139 038 142 498 149 360 162 335
Variable Costs $ 31 109 25 643 26 799 22 798
Gross Margin $ 107 830 116 855 122 561 139 537
3M /Adult Equivalent $ 115.43 124.98 131.08 149.24

Fixed Costs $ 46 490 46 490 46 490 46 490
Operating Profit $ 61 440 70 365 76 071 93 047
Return to Capital $ 41 440 50 365 58 071 73 047
Return to Capital % 3.0 3.7 4.0 4.4
Herd Value $ 402 553 387 762 415 401 359 675
Capital $ 1 373 383 1 358 592 1 386 231 1 670 505

Sales:

Typical enterprise:

Early weaning:
Bullock sales:

Legume augmentation:

REFERENCES

50% 27 month stores (mean weight 320 kg @
$1.02 /kg), 50% 44 month bullocks (mean weight
580 kg, 50% @ $1.22 kg, 50% @ $1.10 /kg, mean
price $1.16/kg); 100% 32 month cull heifers
(mean weight 388 @ $0.96 /kg).
As for typical enterprise.
100% 44 month bullocks (mean weight 560 kg @
$1.15/kg); heifers as for typical enterprise.
100% 44 month bullocks (mean weight 660 kg @
$1.22/kg); 100% 18 month cull heifers (mean
weight 267 kg @ $0.88 /kg).
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ASSESSING STOCKING RATE STRATEGIES IN RELATION TO ALTERNATIVE MANAGEMENT GOALS

Mark Stafford Smith

National Rangelands Program, CSIRO Division of Wildlife & Ecology,
P.O. Box 2111, Alice Springs, NT 0871.

ABSTRACT

In describing what stocking rate strategies may be appropriate for coping with
climatic variability, it is not possible to generalise across the Australian
rangelands. A number of different management goals are described which have
various different practical constraints imposed by climate, resources,
infrastructure or personal aspirations.

INTRODUCTION

Pastoral enterprises in the Australian rangelands must cope with enormous
variability, due both to an exceptionally unpredictable climate and to forces
such as markets, over which pastoralists have very little control. The level
of stocking on the land at different times is acknowledged to have a dominant
effect on the long -term state of that land. Pastoralists manage their
stocking rates according to certain goals, which determine what levels to
stock at, and how to vary these levels through time, if at all. Although
these goals may not be expressed consciously, it is useful to consider what
they could be. This can provide insights into whether it is possible to
provide help for decision- making, and which goals are feasible in the
different environments found in Australia.

DISCUSSION

On the basis of discussions with various researchers and pastoralists,
Stafford Smith (1992) identified ten alternative theoretical management goals
that pastoralists might have. The list was not exhaustive or exclusive, nor.
would pastoralists necessarily have to follow any of them consciously.
However, no additional production goals have been suggested since then, so
this paper canvasses what strategies a manager would ideally adopt to meet
each goal, and what practical constraints might be placed on these strategies
by climate, resources, infrastructure or personal aspirations. The suggested
goals, key elements of associated strategies, and potential constraints are
shown in Table 1 (next page).

Key points to note are the following. (i) Some goals are only realistic given
clear seasonal climatic patterns, which provide for a definite decision point
in management. (ii) Some goals depend on the existence of persistent,
palatable vegetation types. (iii) Different goals require notably different
levels of management intervention. (iv) Some goals are distinctly more risky
than others, in particular as a result of their dependence on marketing.

REFERENCE

Stafford Smith, D.M. 1992. Stocking rate strategies across Australia.
Range Management Newsletter 92(1):1 -3.

Table 1: Possible goals, strategies and constraints for management of stocking rates.

STRATEGY

1. A constant utilisation level.

Use a fixed target percentage of the
forage available each year, by
adjusting stock numbers to match the
season; this should be equivalent to
maximising economic productivity.
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CONSTRAINT

Climate must have a definite season-
ality for a decision point to exist;
vegetation must grow or persist after
end of the growing season to allow
correct adjustment of stock numbers;
it must be easy to adjust stock numbers
by buying, selling or transfer between
properties; management is very active.



2. A constant 'safe' stocking rate.

Use a constant stocking rate such that
utilisation levels are no greater than
some amount in some proportion of
years, with the amounts and proportions
determined by the vegetation type and
manager's risk attitude respectively
(current recommendations in
Queensland).

3. A constant target stock

As 2, but with adjustments for
additional factors (eg. last year's
growth, or the Southern Oscillation
Index).

No particular constraints set by
climatic attern; vegetation must be
capable of persisting into dry times;
some means of measuring or predicting
vegetation production over long periods
must exist, and a safe threshold must
be identifiable; the necessary
stocking level must be by economically
viable for given property sizes;
management can be relatively passive.

ing rate with regular adjustments.

As 2, plus the area must possess the
adjustment characteristic (eg. the
vegetation type must be persistent or
the SOI must have useful predictive
power in the region); management must
be more active than 2.

4. A guaranteed minimum level of plant cover.

Assumed to be necessary for the
protection of the soil as the primary
goal; via some combination of 1 -3,

destocking is absolutely required when
cover reaches some pre-determined level

(this in
s is

thee re
ically used on common

None related to climate or vegetation;
close monitoring is necessary and it
must be possible to muster, and move or
sell the animals promptly.

5. Maximal grass or palatable perennial plant productivity.

Manage for the plant status( rather
than animal production; this might
include de- stocking areas in ood years
to allow seed set, using fire, and
reducing grazing pressure at critical
times of year for growth.

Important climatic events for grasses
must be recognisable; stocking levels
must be low enough (or property large
enough) to allow flexibility in
spelling, or stock must be readily
moved or marketed; management must be
knowledgeable about plant ecology and
prepared to be active at short notice,
albeit intermittently.

6. The best possible responsiveness to prices.

Ignore all the ecology and just stock
according to the market; theoretically
feasible but not recommended in these
times of Land Care !

7. A constant year -to -year

Probably equates in practice to the
constant safe stocking rate, but the
stocking level might be adjusted
according to prices rather than
productivity.

Becomes harder as the climate becomes
less reliable; fails catastrophically
if the vegetation is not very
resilient management must be very
active and market responsive.

income.

The constancy criterion generally
requires stocking levels to be lowered
as climatic unreliability increases;
vegetation must be persistent in dry
times.

8. A constant year -to -year turn -off.

As 7 and 2, but probably needs even As 7.
lower stocking rates to ensure
production in dry times.

9. The least cost of errors in management.

To allow long decision times, and cause As 7 (safety also implies lower
errors to have little impact, low stocking rates with increasing climatic
stocking approaches again seem to be unreliability).
necessary.

10. Protection of special areas of the property.

'or rehabilitation, conservation or Similar to 5.
even bush tucker purposes, be able to
destock particular areas.
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PRODUCTIVITY OF SHEEP AND GOATS
AND THE CONTROL OF GIDYEA AND PRICKLY ACACIA

D.H. Cobonl , P.D. Tindall , J.A. Reynolds, A.M. Kell y2

QDPI, Arid Zone Institute, P.O. Box 519, Longreach, Qld. 4830.
2QDPI, P.O. Box 102, Toowoomba, Qld. 4350.

ABSTRACT

Goats were grazed at different stocking rates (0.25, 0.5, 1.0 goat /ha) with
sheep (0.5 sheep /ha) and their ability to control gidyea regrowth and prickly
acacia was determined. Goats increased the mortality of trees and decreased
their growth in dry seasons, however stocking rates were insufficient in wet
seasons to affect tree growth. Goats had no adverse effect on the production
of sheep grazing gidyea except in dry seasons. Complementary and adverse
effects of goats on sheep production were recorded whilst grazing prickly
acacia. Production of cashmere from goats varied from 36 - 148g annually.

INTRODUCTION

Woody weed invasion and timber regrowth are considered to be the most serious
problems facing producers in western Queensland. The most important of these
woody species are prickly acacia (Acacia nilotica) and gidyea (Acacia
cambagei). Prickly acacia has invaded 6.7m hectares of mitchell grass
(Astrebla spp) downs in Queensland. The gidyea lands of Queensland cover 3.2m
hectares. Gidyea seedlings are encroaching into the more productive grass
communities and gidyea regrowth following clearing is a recurring problem.
Chemical methods of control are effective but expensive ($100 /ha for dense
thickets), so there is a need for low cost control methods. The effect of
goats grazing with sheep on gidyea and prickly acacia was assessed at
different levels of goat stocking rate (0, 0.5, 1.0, goat /ha). The
productivity of goats was recorded.

METHODS

Two sites were established at "Politic ", Aramac, where mitchell grass downs
is infested with prickly acacia and "Albilbah ", Yaraka, which has a major
gidyea regrowth problem. At both sites, six paddocks each of 40ha were
stocked with either 20 sheep (20S) , 20 sheep and 10 goats (20S 10G) or 20 sheep
and 20 goats (20S20G). The trial commenced in 1987 and paddocks with 20S1OG
were stocked with 20 sheep and 40 goats (20S40G) during 1990 and 1991 in an
attempt to speed up the death rate of gidyea and prickly acacia.

Yield and botanical composition of pasture, canopy cover, growth /death of
trees in permanent transects, liveweight and fleece production of goats and
sheep were measured. At "Albilbah" summer rain was below average (290 mm) in
1988 and 1989, average in 1987, 1990 and above average in 1991. Winter rains
were above average (115 mm) during the trial. At "Politic" summer rain was
below average (330 mm) in 1987, 1988 and 1989 and average in 1990, 1991.
Winter rain was above average (135 mm) during the trial.

RESULTS

Pasture - Treatments had no effect on pasture DM yield and botanical
composition at either site. Average DM yield in the later part of each year
from 1987 - 91 was 2010, 650, 3670, 1180 and 2040 kg /ha at "Albilbah" and 580,
350, 1450, 2510 and 3630 kg /ha at "Politic" respectively. Gidyea burr and
mitchell grass formed the major proportion of the DM yield at "Albilbah" and
"Politic" respectively.

Trees - 20S20G reduced gidyea growth (0.81 vs 0.14 m; 82 %) and increased
mortality of gidyea (9.5 vs 13.1 %) compared to 20S. 20S20G reduced prickly
acacia growth (1.22 vs 0.68; 44 %), increased the mortality of seedlings
(<0.2m) (81 vs 39 %) but not adult (>0.2m) trees compared to 20S. 20S20G
reduced canopy cover of gidyea by 30% up to 1990. Goats prevented increases
in canopy cover of prickly acacia until 1990, however both tree species out

340



competed goats in the wet summer seasons in 1990 and 1991 when canopy cover
increased.

Animals - Goats grazing gidyea at these stocking rates did not effect the
liveweight performance of sheep. Average liveweights of sheep and goats were
30.9 and 28.2 kg respectively in 1987; 57.6 and 46.7 kg respectively in 1991.
In years of below average summer rain (1988, 1989) sheep fleece weight
measurements indicated that increasing stocking pressure of goats reduced
greasy fleece weight of sheep (Table 1). These trends were not observed in
years of average (1990) or above average rainfall (1991). Cashmere production
of goats varied between 48 and 148g annually yielding between 17 and 27 %.
Stocking rate had no effect on the production or yield of cashmere. Goats
grazing prickly acacia at the low stocking rate (20S10G or 0.25 /ha) appeared
to have a complementary effect on the liveweight and liveweight gain of sheep.
The higher stocking rates had no effect on liveweight or liveweight gain of
sheep. Average liveweight of sheep and goats was 31.0 and 28.0 kg
respectively in 1987; 54.8 and 45.7 kg respectively in 1991. Goats had a
complementary effect on greasy fleece weights of sheep in 1989 (20S10G) and
1991 (20S20G) but an adverse effect in 1988 (20S20G) (Table 1). Cashmere
production of goats varied between 36 and 141 annually yielding between 16.1
and 18.5 %. Stocking rate had no effect on the production or yield of
cashmere.

Table 1. Greasy fleece weight (GFW) of sheep grazing with goats at different
stocking rates on gidyea and prickly acacia

Gidyea Prickly acacia

1988 1989 1990 1991A 1988 1989 1990 1991A

GFW
(kg)

20S 6.5a 6.0a 4.8 2.9 4.3a 6.Obc 4.5 2.7b

20S10GB 6.2ac 5.7b 4.9 3.3 4.3a 6.6a 4.5 2.8b

20S20G 6.1óc 5.6b 4.8 2.9 3.7b 6.3dc 4.4 3.3a

Sign. P<0.05 P <0.05 ns ns P<0.01 P<0.05 ns P<0.05

A 8 months of wool growth
B 20S40G in 1990 and 1991

DISCUSSION

Goats at these stocking rates (0.25, 0.5, 1.0 /ha) increased mortality,
decreased growth of trees but did not control gidyea and prickly acacia,
particularly in years of good rainfall. Goats appeared to have the
potential to control these species at higher stocking rates. Generally
goats had no adverse effects on the productivity of sheep however
competition in drier seasons is likely to be caused by a lack of available
pasture DM.

The productivity of the first cross cashmere x feral goats was highly
variable which was magnified by the variable price of cashmere at market
(1988, $125/kg; 1991, $29 /kg).
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APPLYING AN UNDERSTANDING OF SHEEP GRAZING DISTRIBUTION TO PADDOCK DESIGN

Shane Cridland1, Michael Hope2 and Mark Stafford Smith2

Dept of Agriculture, Baron Hay Court, South Perth, WA 6151.
2National Rangelands Program, CSIRO Division of Wildlife & Ecology, P.O.Box

2111, Alice Springs, NT 0871.

ABSTRACT

Several factors affecting the grazing distribution of sheep in large pastoral
zone paddocks were combined in a predictive model which allows the evaluation
of alternative paddock designs. The model has been incorporated into a
user - friendly decision support package, Paddock, to aid pastoralists improve
the utilisation of their grazing lands.

INTRODUCTION

Ruminants do not graze large pastoral zone paddocks evenly. However, the
unevenness of the grazing can be decreased with better paddock designs.
Vegetation cover and cover change data, as estimated from Landsat imagery, was
used to establish an understanding of how sheep grazing distributions are
affected by natural and management features (Cridland and Stafford Smith
1992). The model generated from the satellite data was incorporated into a
user - friendly decision support tool called Paddock - part of the CSIRO
RANGEPACK project. Paddock graphically displays the distribution of the long
term impact of sheep grazing and allows the effects of alternative
infrastructure layouts to readily be visualised and evaluated.

DISCUSSION

The results produced by Paddock have been received favourably at various
meetings in WA, and were intensively evaluated by several pastoralists using
their experience of their properties. All were keen to assess infrastructure
changes they had been planning.

An example of the use of Paddock is illustrated in Figure 1, which is a
paddock from Mungari Station. Here the pastoralist intended to pipe water
into the north of the paddock but was undecided as to the actual number and
position of the waterpoints needed. A second example is shown in Figure 2,
where in a small paddock, the model predicts that sheep will always over
utilise highly preferred country irrespective of where the waterpoint is
situated. Here the only solution is to move the fenceline.

One factor the model does not include is the time taken for patterns to be
imprinted into the vegetation landscape. However, in general within a
vegetation type increased grazing pressure above a threshold will decrease the
time taken for grazing impact patterns to develop.

REFERENCES

Cridland, S.W. and Stafford Smith, D.M. (1992) WADA Technical Bulletin (in
press).

342



Figure 1. Paddock generated output predicting the improvement in the grazing
distribution of a paddock on Mungari Station. The paddock is approximately
8 km wide. See predicted activity scale in Fig. 2.

A) a representation of the paddock's vegetation,
Gum - eucalypts with a sparse chenopod understorey interspersed with
unpalatable acacia shrub;
Lake - productive chenopod shrubland amid saline lake systems.

B) the long -term grazing pattern of the present layout perceived by the
pastoralist.

C) by manipulating the positions of two new waterpoints in the north of the
paddock, the model predicts that a much better grazing distribution can
be obtained.

A. B.

<1 sheep per sQ.km.

1 -5

5 -20 (6 -20 ha /s21p)

2D -98

11135-30 (2 -3 ha /shp)

Figure 2. Using Paddock to illustrate the effects of highly preferred country
(NW corner) in a relatively small paddock (approximately 4 km wide).

A) the long -term grazing pattern of the present layout perceived by the
pastoralist.

B) the long -term grazing pattern predicted with the waterpoint as far away
from the preferred country as possible.
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THE IMPACT OF RED KANGAROOS ON RANGELAND REGENERATION

Grant Norbury1 & Dale Norbury2
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ABSTRACT

Pastoralists frequently complain that attempts at range regeneration are
thwarted by kangaroos. Three years of data collection in the Gascoyne Region
of W.A. has shown an influx of red kangaroos into two destocked paddocks.
Radio- tracking of 46 kangaroos showed them to be mostly sedentary, implying
that kangaroos invade destocked areas from the locally surrounding area.

Kangaroo grazing prevented the recovery of degraded pastures. After 32 months
of exclusion from grazing, there was 5.3 times as much grass biomass
(estimates cumulated over time) compared with comparable areas that were
grazed by kangaroos only. Drought- resistant perennial grasses contributed half
of this biomass. Kangaroo grazing also reduced recruitment and survival of
Silver Saltbush.

Commercial shooting did nothing to alleviate these problems. It could be
argued that unless more effective means of kangaroo control are integrated
with stock reductions, the recovery of degraded rangelands is likely to be
severely hampered.

INTRODUCTION

Compared with their impact on pastoral production (e.g. Sloane, Cook and King
Pty Ltd 1988, Wilson 1991), the impact of kangaroos on recovery of degraded
rangeland is not well documented. Certainly, pastoralists believe that
kangaroos invade destocked areas and that commercial shooting does little to
alleviate the problem (Gibson and Young 1987). This poses a psychological
deterrent to undertake regeneration programmes.

This study examines in more detail the grazing impacts of red kangaroos
(Macropus rufus) on regeneration of degraded rangeland, and briefly
investigates the efficacy of commercial kangaroo shooting.

METHODS

The study was conducted in degraded Acacia shrubland habitat on Middalya and
Wandagee pastoral stations in the Gascoyne Region of W.A. Three 7,500 -ha
paddocks were chosen on the basis of similar landtypes and rainfall. A control
paddock remained stocked with sheep. There were two treatment paddocks:
paddock 'A' was destocked and subjected to discontinuous strip cultivation and
reseeding with native shrubs on some of the denuded areas (viz. Maireana
aphylla, M. polypterygia and Atriplex amnicola); paddock 'B' was destocked and
cultivated, and also comprised part of a commercial kangaroo shooter's route.
The kangaroo shooter operated independently of the study and shot only when
kangaroo numbers were commercially viable.

The distribution of kangaroo grazing was assessed by collecting kangaroo dung
every three months from 60, 100 x 4 m permanent transects located in the three
paddocks.

Forty -six kangaroos were captured by alpha -chloralose narcosis. Kangaroos were
fitted with collar- mounted radio transmitters that emitted unique frequencies,
and tracked from an aircraft every two months.

The impact of kangaroo grazing on shrubs and pasture in the destocked paddocks
was examined by comparing plant growth inside five plots that excluded all
grazing (each 300 x 150 m), with growth in similar areas grazed by kangaroos
only. Pasture biomass (Jones & Hargreaves 1979) and recruitment and mortality
of individual shrubs were recorded.
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Rainfall was similar in each paddock and close to the long -term annual median
of 222 mm (1989, 243mm; 1990, 239mm; 1991, 206mm).

RESULTS

Kangaroo Distribution

There was a six -fold increase in kangaroo dung in paddock A over an 18 -month
period since stock were removed in April 1989 (p<0.01) (Fig. 1) . This compared
with relatively stable dung levels in the stocked paddock (P>0.90). There were
large swings in the amount of kangaroo dung in paddock B that occurred
simultaneously with the removal of about 2050 kangaroos by the kangaroo
shooter. This high level of offtake may have only been achievable by a
continual influx of kangaroos into this paddock.

In addition to destocked paddocks, some areas subjected to cultivation and
reseeding with native species also had increased amounts of kangaroo dung,
indicating relatively intense kangaroo grazing.
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Figure 1. Kangaroo dung in paddock A (destocked and cultivated) (a), paddock
B (destocked, cultivated and commercial kangaroo shooting) (b), and the
control paddock (stocked) (c). Repeated sequence on x -axis 'A J 0 J' = April
July October January. Error bars are + 1 S.E.M. Destocking and cultivation
occurred in April 1989, *.

Kangaroo Movements

While the mobility of kangaroos varied according to food availability and the
sex and age of animals, kangaroos were mostly sedentary and occupied home
ranges that averaged 30 km2 in area. These limited movements were apparent for
kangaroos residing in either stocked or destocked paddocks, implying that
invading kangaroos emerge from the locally surrounding area.

Grazing Impacts and the Effect of Commercial Kangaroo Shooting

Pasture biomass estimates were cumulated over time and compared between grazed
and ungrazed sites with an unpaired t -test. Kangaroo grazing significantly
reduced pasture production. This was particularly true for grasses,
irrespective of the presence or absence of commercial shooting (P<0.01 with
and without shooting) (Fig. 2). After 32 months of exclusion from grazing,
there was 5.3 times as much cumulated grass biomass compared with comparable
areas that were grazed by kangaroos only (shooting treatments combined). Half
of this biomass was contributed by drought- resistant perennial species, such
as Eragrostis setifolia, E. xerophila and Cenchrus ciliaris.

345



sa

op

80

70

60

50

8
O

(a) shooting 40

G
30

20

10

Apr Aug D.0 Apr Aug Deo Apr Aug Doc

1969 1990 1691

(b) No shooting

Apr Aug Duo Apr Aug Boo Apr Aug Dso

1868 1990 1881

Figure 2. Differences in grass biomass between ungrazed (o) and
kangaroo -grazed (o) sites (n =5) in the presence (a) and absence (b) of
commercial kangaroo shooting. Error bars are + 1 S.E.M.

Kangaroo grazing also reduced the rate of population increase of Silver
Saltbush (Atriplex bunburyana) between 1991 and 1992 (Chi- squared, p<0.01)
(Fig.3). This occurred despite commercial shooting. Silver Saltbush is a
highly palatable shrub that aggressively colonises degraded areas.
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Figure 3. Differences in recruitment and deaths (open bars= ungrazed; solid
bars = grazed), and population density (dashed line = ungrazed; solid line= grazed)
of Silver Saltbush between ungrazed and kangaroo -grazed sites (n=2) in the
presence of commercial kangaroo shooting.

DISCUSSION

The impact of kangaroo grazing on the establishment of perennial species
diminishes the value of removing stock. Gardiner (1986a & b) reached the same
conclusion for M. rufus and M. robustus in destocked mulga woodland.
Establishing perennial species is integral to regeneration of arid rangelands.
A perennial root system helps to restore soil stability and improve water
infiltration, thus enhancing the moisture supply to plants. Perennials also
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return invaluable organic matter to the soil and provide protected niches for
other seed to germinate.

Commercial shooting was ineffective in reducing the impact of kangaroos on
isolated attempts at regeneration. It could be argued that unless more
effective means of controlling kangaroos are integrated with stock reductions
(e.g. more intensive strategic shooting, electrified fencing, or humane use
of selective watering devices that exclude kangaroos), the recovery of
degraded rangelands is likely to be severely hampered.

The kangaroo dung and radio tracking information indicate that isolated
attempts at destocking and regeneration probably act as kangaroo 'sinks' into
which kangaroos are locally attracted. Given an effective control method,
local invasion should provide an incentive for kangaroo control in sensitive
areas because they are more likely to be effective if incursions are
predominantly from local populations.
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PADDOCK SCALE RESPONSES OF KANGAROO NUMBERS
TO PASTURE BIOMASS AND STOCKING DENSITY

A. C. Grice, S. Clipperton and I. Curtis

NSW Agriculture, Cobar

ABSTRACT

In the semi -arid woodlands of western New South Wales, resting of pastures
may favour desirable warm- season perennial grasses over the currently
dominant cool- season annuals and short -lived perennials, but it is not
widely practised in the area, largely because of the expected influx of
kangaroos to destocked paddocks. This study monitored relative kangaroo
densities, pasture biomass, sheep stocking rates and the numbers of
kangaroos culled in eight paddocks over two years. Low pasture biomasses
(<50 kg /ha) during the study period were associated with very low
rainfalls. Six paddocks were destocked for at least six months. Five
paddocks had relatively steady, low levels of kangaroo activity. The other
three paddocks recorded large increases in relative kangaroo density during
part of the three year period. The greatest increase was in a paddock that
was not destocked.

INTRODUCTION

Resting of pastures is not a common practice in western New South Wales in
spite of evidence indicating that such management would benefit desirable
pasture species, particularly perennial grasses (Hodgkinson and Terpstra
1989, Grice 1991). The explanation commonly advanced by pastoralists is
that benefits that would otherwise accrue if pastures were rested are
negated by the grazing pressures exerted by non -domestic herbivores,
particularly kangaroos (Anon 1988). The impact of non -domestic herbivores
is a key consideration in relation to the grazing management of the
pastures of western New South Wales.

Pastures of the Casuarina -Alectryon (syn. Heterodendrum) woodlands in the
Tilpa area, north -west of Cobar, consist largely of cool - season annual
forbs (e.g. Erodium spp., Medicago laciniata, M. minima), short -lived
perennial chenopods (e.g. Scierolaena patenticuspis), the cool- season
short -lived grass Stipa nitida and the warm - season short -lived perennial
grass Enneapogon avenaceus. There are large populations of rabbits, feral
goats, and red and western grey kangaroos.

Given this situation, it is important to consider (i) whether destocking of
pastures can influence pasture composition and biomass, (ii) how kangaroo
populations respond to the destocking of pastures, (iii) what is the impact
of commercial kangaroo shooting on the interaction between stocking and
pasture parameters, (iv) what is the potential for promoting desirable
grasses by resting paddocks during climatically favourable, warm seasons.

METHODS

To consider these questions at a scale relevant to pastoralists, eight
paddocks, spread across four properties in the Tilpa area, were monitored
over a two year period. Data collected for each paddock included sheep
numbers, relative kangaroo densities (by dung weights), pasture biomass and
species composition, and the number of kangaroos harvested by commercial
shooters. Stocking of the paddocks involved was entirely at the discretion
of co- operating landholders. While some paddocks were destocked during the
study period, drought conditions prevented effective testing of the
benefits of warm -season resting.

RESULTS AND DISCUSSION

Kangaroo densities can fluctuate dramatically over relatively short
periods. Trends in densities may differ between paddocks that are in close
proximity. Increases in kangaroo numbers in destocked paddocks are not
imperative. Their occurrence depends on the density of district kangaroo
populations, spatial differences in pasture quality and quantity and the
intensity of kangaroo culling operations.
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Fig. 1: Apart from a brief period
in winter 1990, pasture biomass
was very low throughout the study
period (1990- 1992). This was
associated with very dry
conditions. By December 1990 or
very early 1991, biomass was below
50 kg /ha in all paddocks. Paddock
6 was typical.
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Fig. 3: In spite of similarities
in pasture biomass across
paddocks, there was high spatial
variation in levels of kangaroo
activity. In five of the eight
paddocks, kangaroo density
remained steady at relatively low
levels throughout the study
period.

REFERENCES

7

3

a

Paddock Mod*.
7

, ,

Ì J A e O N D J, M A M J J A D N N D J P M A M
a 1 w i Of

AONTWYEAR

Fig. 2: All paddocks except
paddock 5 were destocked for part
of the study period, some for up
to 10 months (hatching = stocked
periods). Low pasture availability
was the main reason for destocking
paddocks. Destocking had no
detectable effects on pasture
biomass or composition under these
conditions.

Fig. 4: Each of the other three
paddocks experienced periods of
increased kangaroo density. The
association between increased
kangaroo activity and whether a
paddock was stocked was not clear.
Long periods of destocking were
often associated with steady and
relatively low kangaroo densities,
notably in paddocks 1 and 2.
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RABBITS IN THE RANGELANDS

Richard K. Bath

Department of Conservation and Land Management, Buronga, N.S.W. 2739

INTRODUCTION

Rabbits (Oryctolagus cuniculus) still pose a threat to the ecological
stability and agricultural productivity of pastoral lands in western New South
Wales. Myxomatosis no longer provides an effective control of rabbit numbers.

Many landholders in the semi -arid region regard high numbers of rabbits as
unavoidable and consequently do not undertake control programmes. The reasons
for this are the perceived uncertainty of economic returns from rabbit control
(Wynne, 1991), and in some cases, the failure to perceive the full impact that
rabbits have on pasture production. In October 1990 a grazing demonstration
exclosure was established to highlight the dramatic impact that rabbits were
having on rangeland pastures in the far south western N.S.W.

METHODS

Site and exclosures

The site is located on Tapio Station 25 km north -east of Mildura in an area
with a mean rainfall of 260 mm. The area is predominantly open grassland with
scattered, moderately dense clumps of rosewood (Alectryon oleifolius) and
belah (Casuarina pauper). Average rabbit warren density at the site is one
warren per two hectares.

Three 40 x 40 m plots were established: total grazing exclosure; stock
exclosure; and control (no exclusion). Replicate plots were not established
as these exclosures were constructed for demonstration purposes and not as
experimental plots.

Pasture measurements

Ten quadrats of 0.5 m' were clipped in each exclosure in April 1992 after
eighteen months pasture growth. Quadrats were located throughout each
exclosure on a random pattern. Clipped pasture was sorted by species, oven
dried, and then weighed.

RESULTS

The total dry matter yield of pasture was reduced by 30 percent in those
exclosures which were grazed by rabbits (Fig. 1). The total grazing exclosure
produced an average of 2674 kg /ha of dry matter compared to 1836 kg /ha in the
stock exclosure and 1832 kg /ha in the control.

Desirable perennial pasture was absent from those quadrats grazed by rabbits
and accounted for 25% of the biomass difference between these plots.

Species differences between plots were only significant where rabbits had been
excluded. A total of 16 species were present in the total grazing exclosure
compared to 5 in the stock exclosure and control.

DISCUSSION

The results of this study were obtained from one sampling only and are not
intended to present a definitive rabbit grazing study. Use was made of a
demonstration exclosure to highlight the dramatic changes that could be
achieved by rabbit control. During the eight months prior to pasture
measurement, the plots received poor spring and summer rain with only 50 mm
falling between September 1991 and April 1992. Kangaroos did not have any
significant impact at this site as no dung was recorded in any of the
exclosures throughout this period.

350



Biomass differences between grazed and ungrazed exclosures has been
underestimated as pasture measurements were made in early Autumn before plant
growth had commenced for the season. The most significant difference between
these plots is the lack of any perennial pastures (eg: Stipa and Sclerolaena
sp.) in the rabbit grazed plots. The greatest biomass of pasture in all plots
was a dense cover of medic burr (Medicago minima), which is apparently
unpalatable to rabbits.

CONCLUSIONS

Rabbits have a significant impact on both pasture quality and quantity where
they are in significant numbers. Without adequate rabbit control there is
little chance for land managers to undertake pasture rehabilitation or
implement low risk stocking systems.

Exclosures provide a valuable tool to demonstrate benefits that may be accrued
from rabbit control and to highlight the grazing pressure of stock and other
animals.

Fig. 1 Pasture yield for three plots after eighteen months exclosure.
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ISSUES OF HOLISTIC RESOURCE MANAGEMENT

B.M. Alchinl, R.W. Condon2

Dept. Plant Prod., UQ Gatton College, Lawes, Qld
2Range. Consultant, 20 Quest Ave, Yowie Bay NSW

ABSTRACT

Holistic Resource Management involves an integrated approach to land resource,
livestock and finance. It has been developed as a basis for pastoralists to
develop sustainable profitability. Points of criticism are addressed.

INTRODUCTION

Holistic Resource Management (HRM) has been presented as a system which
provide advantages to rangeland condition and livestock productivity (Savory,
1978). However, it has provoked considerable controversy, particularly in the
USA. In recent years it has been applied to Australian rangelands.

HRM involves an integrated approach to total resource management. Criticism
has focussed on several issues:

STOCKING RATE

The claim that application of HRM will result in safely increasing average
stocking rates (SR) draws particular criticism. This claim is made mainly on
the basis that previously underused pasture will now be utilised.

The impact of increasing SR will depend on several factors. HRM involves
assessing SR on forage available and, if additional forage is available, there
is no reason why SR could not be correspondingly increased.

ANIMAL IMPACT

Hoof impact is considered important in breaking soil crusts to enhance water
infiltration. The disturbance period is relatively short under HRM - this
provides the opportunity for increasing fertility (dung) and for
germination /establishment of new plants in the following rest period.

INFLEXIBILITY

The initial approach to HRM was relatively rigid - "wagon- wheel" layout of
fencing with a watering point at the centre of a "cell ". However, most
proponents now have a much more flexible approach to fencing and other inputs.

EXAMPLES

Critics often cite examples of "crashes" with HRM. The response that "the
pastoralists did not adhere to the principles of HRM" is considered a "cop
out ". An objective, analytical approach should be accepted by all concerned
as a basis for constructive criticism.

IMPLICATION OF HRM APPLICATIONS

HRM always involves management of livestock and finances as well as the land
resource. Consequently, it is impossible to separate the contribution of any
one factor. However, the grazing system will obviously be a primary factor
in impacting rangeland condition.

RESEARCH INTO HRM

Savory has stated that it is not appropriate to apply conventional scientific
research to HRM. The components of HRM can be analysed in isolation.
However, such analysis would not necessarily indicate their role in the
complex interactions of the rangeland ecosystem and management.
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PROFESSIONAL CRITICISM

In the USA, criticism of risk of land degradation first came from rangeland
scientists. However, in recent years a significant proportion of government
departments and universities have promoted HRM. However, there is a division
across the professional spectrum.

In Australia, HRM is being actively promoted by consultants. There is
sometimes a difference in perspective between institutional professionals and
private professionals - and HRM is an issue that highlights this. Conflict
about HRM may largely relate to it being borne out of a producer- orientated
perspective rather than scientific research.

ASSESSMENT OF CRITICISM

Critics have tended to attribute success to factors other than grazing
management and failure to HRM. Nonetheless, there are sufficient examples of
success to which a significant portion of rangeland condition improvement must
be attributed to grazing management (e.g. Condon & Alchin, 1990).

Range scientists and producers are seeking an alternative to set stocking and
HRM can provide an alternative which embodies flexibility in decision -making
in relation to goals and the continuously changing rangelands environment.
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GOOD NEWS ABOUT (LIGHT) GRAZING

Watson, I.W. and 2Holm, A.McR.

1W.A. Dept of Agriculture, P.O. Box 522 CARNARVON W.A. 6701
2W.A. Dept of Agriculture, Baron Hay Court SOUTH PERTH W.A. 6151

ABSTRACT

Light grazing of the palatable bluebush Maireana platycarpa during and post
drought reduced shrub mortality, compared with ungrazed populations.

Following a drought, population size under exclosure declined by 52% in two
years. Under light grazing, the decline was only 12% as the recruitment rate
was higher and the death rate lower than under exclosure.

INTRODUCTION

There is a common perception amongst some sections of the community that
domestic grazing of any sort inevitably leads to degeneration of the range
resource. We suggest that responsible pastoralism is one of the more benign
forms of agricultural land use and present data that show how conservation and
production goals may be reconciled.

In this poster we provide evidence that light grazing of a semi -arid chenopod
shrubland in Western Australia during and after drought enhanced the survival
rate of palatable shrubs.

METHODS

The results presented here are part of a large scale grazing experiment of ten
year duration on Boolathana Station (24 °31'S; 113 °42'E). Merino sheep were
continuously stocked at an average rate of 0.12 and 0.08 DSE /ha from November
1983. Data from two exclosures were also used. These areas had been fenced to
exclude domestic and native animals in November 1983.

Each September, from 1986 to 1991 population size, recruitment and mortality
of the palatable perennial bluebush Maireana platycarpa. were recorded on
permonent transects. Total transect area was 1200re in the grazed paddocks and
400m in the exclosures. The initial transect population size in the
exclosures in 1986 was 81 plants compared with 387 plants in the grazed
paddocks. Recruits were added to the data set only if they had reached a
minimum size of 10 cm by 10 cm. This means that in the majority of cases,
recruits were added to the data set in the year after they germinated.

RESULTS

Rainfall recorded on the trial site is shown in Table 1 for the period 1986
to 1991. Total rainfall in 1987 was within the lowest decile recorded for
Boolathana Station homestead and was sufficiently low to be termed a drought.
The average annual rainfall (1897 -1982) recorded at Boolathana station is
237mm.

Table 1. Annual rainfall (mm) measured on the trial, 1986 -1991

Year 1986 1987 1988 1989 1990 1991
Rainfall 155 83 172 175 200 217

For clarity of presentation, results from the two grazed paddocks have been
combined as have the results from the two exclosures.

At the end of the dry winter in September 1987, (Fig. 1) there was little
difference in population size, recruitment or mortality of Maireana platycarpa
between light grazing and exclosure.
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Figure 1. Net population size, cumulative recruitment and cumulative deaths,
as indices of initial counts for both grazed (G) and ungrazed (UG) populations
of Maireana platycarpa between 1986 and 1987.

While low rainfall was recorded in mid 1987, the critical period for plant
survival occurred over the summer of 1987/1988. By September 1988 the
cumulative deaths in the exclosures numbered 37% of the original population.
Under light grazing the equivalent death rate was 13 %.

Over the next twelve months a similar trend continued. By September 1989 a
further 16% of the shrubs in the exclosures died resulting in a cumulative
death rate of 53 %. Under light grazing the cumulative rate at the same time
was 18 %. Few deaths were recorded under either grazing or exclosure in 1990
and 1991.

The net population size in the exclosures declined by 52% between 1987 and
1989 then began to increase slowly as recruitment exceeded mortality. The net
population size under light grazing also decreased between 1987 and 1989 but
only by 12 %. Losses under light grazing were less than under exclosure and the
recruitment rate was higher, so that by 1991 the net population size had
increased to 95% of the 1986 total.

DISCUSSION

We propose that because the bluebush in the grazed paddocks were continually
"pruned" during and immediately following drought there was a relatively low
rate of competition between individual plants for moisture. In contrast, the
bluebush in the exclosures were not pruned at all. This meant that they
maintained their leaf mass longer than the grazed plants and therefore
competition for limited moisture reserves was more intense. This competition
caused a relatively large proportion of the population to die during and
immediately following drought.
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RANGELANDS UNDER SIEGE -- BUT NOT SURRENDERING

R. W. Condon

20 Quest Avenue, Yowie Bay. N.S.W.

A basic problem for the pastoral industry in Australia in the present
economic climate is not the perceived degradation but that the products
from the land are not able to meet the present cost of the land resource
and the necessary infra -structure. The admonition, from earlier depressed
times, to "get big or get out" has changed for many of those getting bigger
in recent years to "get big -- and have to get out."

But all is not lost. There are ways of gaining substantial improvements in
per hectare earning capacity. To- morrow's maxim for the range user can be
"STAY SMALL AND STAY IN."

"Rangelands Under Siege" was the title of the book produced from the
proceedings of the 2nd International Rangelands Congress in Adelaide in
May, 1984. Presumably the title was meant to imply that the rangelands
were under siege from the range user. They certainly were in Australia to
the 1950's. But the author's experience from that time is that the arid
and semi -arid rangelands, at least in south -east Australia, have been going
through a process of recovery from the earlier devastation which afflicted
these lands.

Although the community in general appears to be blaming the range user for
the degradation, it needs to be appreciated that the present range user has
inherited a situation for which he would be only rarely responsible, that
the devastation of the pre- 1950's was due to a combination of unwise land
settlement policies, adverse land tenure conditions, adverse climatic
conditions, and the general belief that pastoral holdings should have no
more than one watering point per 5000 sheep.

In western N.S.W. and no doubt in other States, the proliferation of
watering points and smaller paddocks which has taken place since the 1950's
and a range of other factors which also came into play about the same time,
have been, in large part, responsible for the improvement which has taken
place. Another most important factor has been the changed attitude to
management by the range user, influenced, at least in western N.S.W., by
the introduction of more secure tenure under a lease -in- perpetuity.

There has been a major hiccough in the process of recovery, brought about
by an invasion of woody weeds on generally light- textured soils. Although
'overstocking' has been used as a convenient scapegoat, it is a minor
factor which draws attention away from the fundamental causes. Intelligent
use of heavy stocking levels can be an important tool in keeping a
developing infestation of woody weeds under control.

The recent pronouncements by a group of CSIRO researchers on the need for
reduced stocking levels to improve our rangelands must be viewed with
concern. Reducing stocking levels, while maintaining the present
insidiously debilitative approach to grazing management based on set
stocking, will not really help improve Australian rangelands -- except in
those cases where the range user has been indulging in continuous heavy
grazing.

The immediate, and long -term, effect of a deliberate reduction in stock
numbers will be to pauperise the range user (already on his knees because
of political and economic forces outside his control). It would also
depreciate the value of the land, although this is already so high that the
products from the rangelands, on present price levels, will never be able
to recover the price people have been prepared to pay for the right to use
the rangelands.
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Improvement in rangelands is driven to a large extent by climatic factors,
and by the presence of plant species able to take advantage of favourable
short -term climatic shifts and to resist unfavourable ones. They will come
from positive approaches to grazing management, rather than negative.

The range user's goal is to find that level of stocking, and the approach
to grazing management, which will bring the best return from the products
sold from the land -- having in mind that the combination of climate and
soils can produce only so many kilograms of wool or meat per hectare. In
the past, the options for operating within those constraints have been
limited -- mainly to improving the quality of the animals and the level of
improvements such as water and fencing.

However, there are several ways of breaking out of those constraints, all
of them much less costly than acquiring additional land to make up for
productivity lost through woody weeds, or other forms of degradation.

There are mechanical approaches to improving rainfall effectiveness --
either by carrying out measures to hold rainfall near to where it falls and
push it deep into the soil where it will keep plants green for much longer
than normal -- or by holding run -off on suitably near -level areas to grow
more productive plants.

There are native plants which can make more effective use of soil moisture
whether it be severely limited or plentiful. One of these native plants,
old man saltbush Atriplex nummularía has been domesticated to give carrying
capacities some 8 to 10 times better than those possible from native
pastures under equivalent rainfall conditions. The same species will give
a better earning capacity per hectare than most cereal crops under
equivalent rainfall conditions. In the plantation mode, it has a range of
uses on rangelands which will give immense potential for increasing
productivity.

There are also better approaches to grazing management which are able to
make more effective use of available pastures -- for increased productivity
and, at the same time, improving the condition and vigour of the pastures.

These approaches are discussed in greater detail in the poster material.
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WEIGHTED AVERAGES ORDINATION FOR INTERPRETING SEASONAL
AND GRAZING INFLUENCES UPON ARID ZONE PASTURES.

Greg A. Campbell

Department of Primary Industry and Fisheries, Arid Zone Research Institute,
PO Box 8760. Alice Springs

ABSTRACT

I have used weighted averages ordination as a simple non eigen ordination
procedure for comparing the seasonal responses and pastoral productivity of
vegetation monitoring sites. The technique helps clarify and interpret the
complex shifts in species composition. Initially, the 33 sites studied
were classified into six similar groups. Each herbage species was ranked
for palatability and perenniality. A site palatability score was
determined by totalling each species' yield x palatability ranking. And
similarly for a site perenniality score. Site positions were then plotted
within perenniality and palatability axes. High yields of perennial and
palatable species typify good range condition and generally, such sites
separated from those of lower range condition which had lower yields of
less preferred and shorter lived species. Making comparisons in the same
season enables more objective interpretations about the effects of grazing.

INTRODUCTION

Traditional means of analysing assessment data concentrate on comparing the
site species composition to that of a real, or in some cases assigned,
benchmark. The causes of differences are interpreted subjectively. In
Central Australia it is believed that variability due to seasonal and site
differences may preclude the general use of a few benchmarks to categorise
range condition on superficially similar sites.

Multi -variate methods of classification and ordination have been advocated
and initially tested as objective means of detecting site trends without
the need for benchmark comparisons (Foran et al. 1986). Similarly
classified sites could have their behaviour (productivity) tracked and
compared with neighbours using an eigen vector ordination of forage
composition. Collecting objective data on seasonal, edaphic and management
influences to correlate with ordination vectors to make meaningful
interpretations, remains difficult and costly.

Weighted averages ordination (Gauch,1982) provides a simpler method of
rating seasonal responses and detecting site trends by comparison with
neighbours.

METHODS

I used data from 33 sites which had been assessed ten times within ten
years, capturing summer and winter growth responses as well as species
yields during drought. The sites were located on four adjoining pastoral
leases and 20 had rain gauges.

Using the Kulczynski classification within the CSIRO PATN package (Belbin
1987), the sites were initially classified into six groups according to
woody species, landform and soil attributes. Four groups had sufficient
sites to enable ordination of growth responses and comparisons of
productivity.

Prior to 1986, site yields were determined by scene type photo comparisons
and % composition was taken from the mean of field appraisals by three
experienced assessors. Since 1986 the comparative yield and dry- weight-
rank techniques (Friedel et al 1988) were used to assign species yield.

Each species was rated as unpalatable (1) or palatable (2) and a site
palatability score was determined by totalling each species' logip yield X
palatability rating. Similarly for perenniality with each species being
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rated as ephemeral (1), annual (2) or perennial (3). Site positions were
then plotted within perenniality and palatability axes.

RESULTS AND DISCUSSION

The chosen attributes of palatability and perenniality are of major
importance in monitoring the grazing value of arid zone pastures. Plotting
site -time positions within the perenniality and palatability axes provides
a means of comparing seasonal responses and tracking shifts in grazing
value (range condition). High yields of perennial, palatable species cause
sites to position to the upper right of the plots and for Central
Australian grasslands this generally represents wet summer growth on sites
in good condition. Under the same seasonal conditions sites which are
producing lower yields of less preferred and shorter lived species
(degraded ?) will lie to the centre and lower left of the plot.

Within both the summer and winter growth responses the relative site
positions are in accordance with the subjective range condition ratings
given by the assessors at the time of survey. An aberration was, however,
observed where the increaser, Indogofera linnaeae (palatable and perennial)
significantly elevated the plotted pastoral value above that given by the
assessors for one gidyea woodland site.

In assigning ratings, a good knowledge of local plant ecology is still
required. Some species which are perennial in the strict sense but have no
enduring above ground biomass, need to be rated as ephemeral (eg Tripogon
loliiformis, Boerhavia diffusa, Fimbristylis dichotoma). In the absence of
published information, local palatability can be determined by questioning
experienced pastoralists. The constricted nature of the ratings imposes a
marked degree of linearity upon the site responses (Fig.1) but reduces the
subjectivity involved in the rating.

Interpretations of change are still subjective but where site palatability
and perenniality decline in the longer term, by comparison to similarly
classified sites, grazing is the implied cause. Conversely, responses to
pasture spelling and reclamation can be shown as improvements in
palatability and perenniality.

Such a visual and easily understood means of comparing relative site
productivity and changes over time is of considerable extension value.
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REGENERATION OF MYOPORUM PLATYCARPUM WOODLANDS IN S.E. AUSTRALIA

M. Westbrooke

Ballarat University College, Vic. 3350

INTRODUCTION

M. platycarpum, Sugarwood, woodlands are one of a number of semi -arid
communities of S.E. Australia which are causing concern in relation to lack
of recruitment and loss of community structure. M. platycarpum woodlands have
been cleared for cropping, extensively cut as Sandalwood', firewood (Morris,
1966), charcoal (Boreland, 1984) and fodder Russell (1953). Remaining M.
platycarpum woodlands have been grazed by introduced animals since the 1860's
resulting in a lack of regeneration and degradation of the understorey. Most
remaining stocks contain only senescent trees. For example Boreland (1984)
concluded that examples at Brookfield were at least 100 years old. In
Victoria there has been virtually no recruitment of M. platycarpum since the
1880's (Westbrooke, et al. 1988).

A study is being undertaken in S.A., Vic. and N.S.W. to determine factors
affecting M. platycarpum regeneration. This includes analysis of age classes
at sites subject to differing past grazing regimes, assessment of grazing
exclusion plots and germination trials. By reference to the least disturbed
examples of the community the study will determine the original composition
of the woodlands.

FACTORS AFFECTING REGENERATION OF M. PLATYCARPUM

Rainfall: Despite the age and apparent senescence of many trees flowering is
prolific in most years and seed production high but evidence suggests that
widespread regeneration will only occur after two or more years of well above
average rainfall. Such events have occurred in the area in 1879/80, 1889/90
and 1973/74/75. Restricted regeneration also occurs where redistribution of
rainwater creates atypical conditions such as on roadsides and gravel pits
(Westbrooke, et al. 1988).

Grazing: Pastoralists report that stock will not eat M. platycarpum until the
plants reach 2m. but mature foliage is eaten by stock and branches are often
lopped for fodder. The unpalatability of young plants does not appear to
deter rabbits however, and seedlings are often grazed to ground level. Morris
(1966), writing in the 1920's about M. platycarpum in western N.S.W., noted
it was eaten by rabbits and that he had never seen young plants. This concurs
with evidence from Koonamore (Hall et al. 1964) that there was no significant
regeneration until myxomatosis reduced rabbit numbers in the 1950's.

Pests and diseases: Insects such as scale insects are commonly observed but
do not appear to seriously affect the health of plants. Mature trees are
often heavily infected with mistletoe. Russell (1953) reported large numbers
of trees being killed by mistletoe but Beadle (1948) did not regard mistletoe
as a cause of tree death. Whilst mistletoe appears to have a significant and
adverse effect on trees at some sites this may be due to the stands being
composed of weakened senescent trees.

Fire: The open nature of many semi -arid woodlands compared to the mallee
communities which surround them means that fires are infrequent. Whilst fire
may have been a factor in the regeneration of these woodlands in the past, the
combination of fire and grazing has the potential to eliminate semi -arid
woodlands as the seedling regeneration subsequent to fire may be entirely
eaten (L.C.C., 1987). Fire is however now rare in arid woodlands, due to low
fuel levels in the understorey.

COMMUNITY STRUCTURE

The structure and composition of semi -arid woodlands has been significantly
altered. This can be inferred from the diverse shrubby understorey recorded
from sites in S.A. and N.S.W. which have escaped heavy grazing pressure and
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roadsides. Sustained high grazing pressure from stock, rabbits, goats and
kangaroos has eliminated these shrubs in most areas.

REGENERATION EVENTS

Seedlings in the semi -arid zone are very vulnerable to grazing but following
heavy rain, with plenty of fodder, some seedlings may escape grazing. The
availability of moisture allows rapid growth of seedlings past the grazing
zone. Thus significant recruitment may only occur as a result of rare events
involving several years of above - average rainfall. Chesterfield and Parsons
(1985) note that large rabbit populations are capable of locally suppressing
recruitment of M. platycarpum even under such rainfall conditions. This
appears to have been the case in Vic. Heavy grazing pressure following a
major rainfall event may have disastrous long -term consequences for the
community. Where sheep grazing has been eliminated and rabbit populations
reduced in conservation areas in S.A., good regeneration resulted from the
high rainfall years of 1973/74. Even on pastoral leases limited regeneration
has occurred when grazing pressure has been moderate. Under certain
circumstances M. platycarpum appears to respond favourably to disturbance
(under some circumstances). At a number of sites in W. N.S.W. there is dense
regeneration where clearing immediately preceded the 1973/4/5 rains.
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(ALECTRYON OLEIFOLIUS) IN WESTERN NSW
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Ballarat University College, Ballarat Vic 3350

3Department of Conservation and Land Management, Buronga NSW 2648

Rosewood (Alectryon oleifolius), is a small to medium sized tree to 9

metres high (Cunningham et al. 1981). It occurs throughout mainland
Australia, and in New South Wales, principally in areas west of the central
slopes (Jacobs and Pickard, 1981).

Together with Belah (Casuarina pauper) if forms a widespread alliance in
the rangelands of western NSW. It can be common in other range types and
in particular the mallee lands of south -western NSW (Noble and Mulham,
1980). Its principal habitat is calcareous red earth soils.

It is a highly valued fodder tree with moderate levels of crude protein and
phosphorus, and it is sometimes lopped during drought (Cunningham et al.
1981).

Reproduction is mainly by suckering from shallow rots, requiring some
mechanical disturbance, but suckering in the absence of disturbance has
been reported. While individual trees can carry large seed crops,
seedlings are rarely observed: due to factors such as spasmodic flowering,
seed emptiness, seed predation, hard seededness and low germinability.
This behaviour resembles other semi -arid tree species that rely on root -
suckering as the primary means of reproduction. Nonetheless laboratory
germination rates of 35% have been achieved by nicking seed testa, and
soaking for 24 hours in water (Wisniewski and Parsons, 1986).

While suckering can be prolific after disturbance, the combined grazing
effects of sheep, goats and rabbits currently limit suckering survival.
Furthermore it has been suggested that spelling from stock and vermin is
insufficient to ensure regeneration, and that root damage by fire or other
agencies is vital to the initiation of suckering (Wisniewski and Parsons,
1986).

Regeneration in western NSW is currently limited to small exclosures, areas
of unwatered paddocks where stock seldom venture and populations of rabbits
and goats are low, roadside verges, and conservation reserves.

Investigations and observations that may assist the long term regeneration
status include:

* The establishment of several 2 ha exclosures to document growth rates
of protected suckers.

* Examples of suckering exist under cattle grazing regimes, which appear
to be less severe on this species.

* Observations at Brookfield Conservation park in South Australia
indicate that some plants may be less palatable than others. Studies
are planned to investigate possible variations in essential oils.

* Fire may also be a significant factor in rosewood regeneration.
Extensive sucker regeneration has occurred in an area of north western
Victoria where a fire occurred in 1989 shortly after cessation of sheep
grazing.

* While there are limiting factors to seed germinability, prolific
quantities of seed can be produced in some years. For example one tree
in January 1992 on Windamingle Station produced approximately 6kg fruit
on the ground with still abundant fruit on the tree.
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* Despite the senescent appearance of many Rosewood cohorts, they readily
produce abundant lateral shoots when protected from grazing.

Ultimately the facilitation of any broad -scale regeneration in western NSW
must overcome the following impediments.

1. The problem of gaining total grazing control of all herbivores,
(domestic stock, feral goats, rabbits and macropods).

2. The problem of developing grazing systems that facilitate suckering but
do not financially burden graziers.

While stock contribute to the suppression of suckers, the existence of
grazing enterprises could also be viewed as an asset, as they enable vermin
control (rabbits and goats), beyond the resources of the public purse.
Control of vermin can allow reduction of the total grazing pressure, and
hopefully facilitate the development of grazing regimes that will allow
rosewood regeneration.
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ACHIEVING CONSERVATION OF RANGELAND RESOURCES
CASE STUDY - WEST KIMBERLEY LAND CONSERVATION DISTRICT

D.M. Beurlel & B. Gray2

1Department of Agriculture, W.A. Derby
2Liveringa Station, Chairman, West Kimberley LCD

ABSTRACT

The West Kimberley Land Conservation District covers 7.5 million hectares of
the Fitzroy River catchment. The district has specific objectives aimed to
improve land and cattle management in its area. Major capital investment has
occurred to achieve stock control, and improve regeneration and management of
the river systems. Dramatic improvement in rangeland condition is occurring.

CASE STUDY - WEST KIMBERLEY LAND CONSERVATION DISTRICT

The West Kimberley Land Conservation District (LCD) provides a useful case
study of how the pastoral industry can successfully achieve the integration
of production and conservation. This LCD covers much of the Fitzroy River
system, the largest river in the north -west of Western Australia. The LCD area
is 7.5 million hectares and includes 28 pastoral leases.

The objectives of the West Kimberley LCD are to:
* Improve Land Management and Conservation
* Improve Cattle Management and Productivity
* Establish and Implement Whole System Management
* Increase Public Awareness and Involvement

Specific conservation projects include:
* Management of river reserves (fencing and permanent destocking)
* Endangered species habitat protection and re- establishment

(Purple Crowned Fairy Wren)

More than 250 km of the river reserve has recently been fenced both sides on
the levee crest and permanently destocked. Over 300,000 hectares of the river
flood plain is being totally destocked for between three and five years to
allow rangeland recovery, with another 200,000 hectares being strategically
managed. In the last five years in excess of 3000 km of new fencing has been
erected. A major rangeland regeneration project is commencing. There is
dramatic and documented improvement in rangeland condition.

Change in rangeland condition has been determined by:
- long term photographic monitoring
- rangeland condition survey results

2.85 million hectares of the district has been resurveyed in recent years.
These results have been compared with survey results in the same area done in
1972 (Table 1.)

Table 1. Changes in rangeland condition in the West Kimberley LCD between
1972 and 1992.

Range condition 1972 1992

Good 30.0 % 60.0 %
Fair 39.0 % 30.5 %
Poor 31.0 % 9.5 %

The integration of good rangeland management and improved cattle management
is the key to the district's success. Improvement in animal productivity, with
emphasis on quality rather than quantity, allows reduced viable herd size. In
conjunction with the Department of Agriculture, land management planning is
being done throughout the district.
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CONSERVATION PROPERTY COMPETITIONS: THE UGA PROGRAM IN QUEENSLAND

G. Stone,

IMADJ Projects, PO Box 70, Toowoomba, Q. 4350

ABSTRACT

In 1990 the United Graziers' Association of Queensland celebrated its
Centenary by conducting a Land Management and Conservation Award. The
competition emphasised sustainable production by linking consideration of
efficient and effective use of the land within its capability, optimum
livestock and land management techniques, property planning programs with
wildlife habitat maintenance and management taking a whole property view.

Over 70 entries, covering a range of pastoral enterprises, were received
from throughout the state. One state, six regional winners and several
highly commended Awards were made.

One objective of the competition was to encourage better land management
within the grazing community, by making widely known the practices being
successfully used by, firstly the state and regional winners, and then
selected entrants. That program, being conducted by the UGA, is presently
under way. A number of successful field days was conducted. Other
programs, focussing on specific issues, are also being carried out.

INTRODUCTION - THE AWARD

The United Graziers' Association represents cattle, sheep and goat
producers in Queensland. It is the only Association representing sheep and
goat producers and is the larger of two organisations representing the
State's cattle producers.

The criteria used in the centenary competition covered all aspects of land
management. They were:

1. Land use for sustainable production - covering the use of natural
resources (soil, grasses, water, etc), property improvements to enhance
production (paddock layout, location of infrastructure, etc), and use of
natural vegetation for shade, shelter, visual appeal, etc - 30 points

2. Management techniques - considering optimum stocking rates, livestock
management techniques (disease control, fertility, breeding programs, etc)
prevention and control of pests, pasture management, erosion control and
land rehabilitation - 30 points

3. Property planning for management and long -term property development -
identifying problems and solutions to enhance opportunities for sustainable
production including planning for drought, fire, etc and developing
strategies for clearing and regrowth control but excluding assessment of
financial viability - 25 points

4. Habitat management and retention - considering the management of
wildlife and associated corridors and habitat areas, maintenance of unusual
native plants and animals including kangaroos and pest species management -
15 points.

Judges were given a detailed score sheet elaborating on the criteria to
ensure consistency between the six regional panels. The state panel then
considered the six regional winner finalists during on- property inspections
and discussions with the owners /managers.

The entries demonstrate in a practical manner a range of techniques which
are all applicable to other graziers. From the inception of the
competition, the UGA considered it vital for information from the entries
to be widely disseminated, particularly amongst graziers. A follow -up
program was therefore developed, aimed at informing other graziers, the
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urban community and decision- makers of these practices.

FOLLOW UP PROGRAM

The operation of an integrated land conservation and extension program is
outside the resources of the UGA, particularly in depressed economic times.
The UGA therefore sought and obtained funds from the NSCP and Save The Bush
program for specific projects. It relies on these funds to conduct the
specific projects within the program.

The objective of the program is to publicise landholder experiences in an
objective manner and without judgements being made. The key aspect is to
do so recognising the achievable balance between grazing production and
conservation. It is then up to participating and other landholders to
consider the relevance of the information to their own situation and take
action considered appropriate.

The initial project allowed the UGA to conduct field days on several of the
regional winner properties as well as produce summary displays and
information sheets. Other graziers were able to either see practices used
by regional winners and question the landholders, or at least read about
them in some detail. They were also able to contact the landholder direct
if they preferred.

Field day attendances varied from 90 to 130 indicating considerable grazier
interest, particularly in one locality where such high numbers are quite
unusual. Significant media coverage was obtained in the lead up to the
field days thereby ensuring greater awareness. The UGA considers the field
days to have been a resounding success. It is difficult to gauge interest
from the brochures and displays but both have been widely distributed. The
UGA intends to produce a booklet summarising the practices.

A second project focuses on remnant vegetation in southern Queensland.
This was considered important because natural vegetation is a topical issue
in both the urban and rural communities, it has relevance to efficient
grazing production and practical landholder experiences are not widely
known. The purpose is to document Award entrant experiences, draw
conclusions on such issues as shadeline widths and management requirements
and publicise that information in an objective and "landholder friendly"
manner (booklet and field days).

Southern Queensland was chosen because of the significant land development
which has occurred and the need for a balance of vegetation to be retained
in that locality in the long term. This project is underway at present and
the process will be applied in future to other areas of the state.

The third project is a series of on- property workshops being carried out in
southern and central Queensland. Any grazier will be able to attend the
workshops which will objectively consider in detail the experiences of
several host landholders. Emphasis will be on interaction of host
landholders and participants and discussion will be structured to include
invited technical support staff.

Programs will cover markets, market requirements and financial management
and these issues will be specifically related to land management and
property planning issues. Property inspections will be complemented by
structured discussions. Information concerning unusual and innovative
practices will be subsequently publicised.

SUMMARY

Feedback so -far indicates this process, learning from landholder
experiences and linking them to advice from officers with technical
expertise, is successful. The programs have added credibility because they
are conducted by an industry organisation. An important element is that no
judgements are made on the landholder practices - it is up to program
participants to do so. All aspects of property management are being
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considered in these projects thereby ensuring a holistic approach. The UGA
plans to continue this initiative with the objective of better informing
graziers about sustainable grazing management based on the demonstrable
successes of others.

(The author co- ordinated the UGA Centenary Land Management and Conservation
Award and is now conducting the subsequent extension program for the UGA.

The paper is presented by Prof B. Roberts, Head, Land Use Study Centre,
University of Southern Queensland, Toowoomba, Q. 4350, one of the three
members of the Award state judging panel. Other judges were the then
President of the UGA and the then Director of the World Wide Fund for
Nature).
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ZONES OF VEGETATION IN ROADSIDE RESERVES IN THE ARMIDALE, NSW REGION.

C.H.A. Huxtable and R.D.B. Whalley

Botany Department, University of New England, Armidale, NSW, 2351

ABSTRACT

A survey of vegetation zones within 20 roadside sites within 50 km of Armidale
NSW was conducted to help develop a roadside classification system.

Of 127 plant species identified 14 were important indicators of 13 zone groups
and a 14th group was characterised by a large number of species occurring
infrequently. Zones characterised by native species occurred most commonly in
undisturbed sites, 2 groups were commonest on shoulders and table drains, and
other groups were ubiquitous within sites. Poorer soils tended to have a
higher proportion of zones characterised by native species.

INTRODUCTION

Roadside reserves often contain remnants of native grassland communities which
are aesthetically pleasing, play important roles in flora and fauna
conservation, and cost little to maintain. Roadside reserves often contain
many local habitats such as the shoulder, table drain, and less disturbed
areas, in which different vegetation types can occur.

The aim of this study was to classify roadside environments, according to the
types of, and zonation of vegetation parallel to the road, and physical
factors such as geology. The purpose of this classification was to produce
native vegetation goals for each class of site.

METHODS

Twenty roadside sites were selected within 50 km of Armidale according to
their geology, with 8 sites each on granite and basalt and 4 sites on
sedimentary parent material. On both sides of the road at each site transects
were run from the edge of the tarmac to the fence and 2 metres into the
adjacent land. At different positions along the transect distinct habitats and
vegetation types were sampled using 5 adjacent 1m square quadrats running
parallel to the road. Quadrats were divided into 25 sections and every
alternate square was scored for presence of species. For the 5 quadrats ( =

1 "zone "), % frequency of each species was recorded. Over the 20 sites 243
zones were sampled. The number of zones at each site varied according to the
width and heterogeneity of the reserve.

A cluster analysis (CLUSTAN) was used to identify species and zone groupings.
Sites were then categorised according to the relative proportions of different
zone groups within the site.

RESULTS

Within the 243 zones sampled, 53 native and 74 introduced plant species were
identified. Thirteen groups of zones were characterised by a relatively high
frequency of 1 (or sometimes 2) species, and the 14th group by a wide range
of species at variable frequencies scattered throughout a large number of
zones (Table 1)

DISCUSSION

The study showed that in general, zones of native plants occurred more
frequently in relatively undisturbed habitats while dominant exotic species
were more variable within the sites where they occurred. In addition, the more
fertile basalt sites tended to have a lower proportion of native plant zones
than the poorer granite and sedimentary soils.
It is hoped that further analysis of disturbance, soil and other physical
characteristics will further help to clarify these results, enabling
vegetation goals and management strategies to be developed.
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GROUP N
CHARACTERISTIC

SPECIES HABITAT GROUP N
CHARACTERIST

IC
SPECIES

HABITAT

1 13 Vulpia sp. S 8 10 Poa sp. * U

2 12 Avena fatua S, TD 9 23 Phalaris
aqua ti ca

V

3 26 Hypochoeris
radicata/
Plantago
Lanceolata

V 10 7 Imperata
cylindrica *

V

4 6 Eragrostis
curvula

V 11 6 Leucanthemum
valgare

V

5 12 Paspalum
dilatatum

V 12 11 Bothriochloa
macra *

U

6 29 Danthonia sp.
*/
plantago
lanceolata

V 13 11 Festuca
elatior

V

7 13 Themeda
australia *

U 14 64 Many species V

Table 1. Fourteen classes of zones identified by a cluster analysis of 243
zones and 127 plant species at 20 roadside sites within 50km of Armidale, NSW.

* = native species, S = shoulder, TD = table drain, V = variable, U =
undisturbed.

Four sites had over 50% of their zones characterised by native species
( "native zones "), 9 with 25 -50 %, 3 with 1 -25 %, and 4 with no native zones
(Table 2.)

SITEGEOLOGY

No. OF
ZONES

AT SITE

No. OF
ZONE

GROUPS

% OF
NATIVE
ZONES SITE GEOLOGY

No. OF
ZONES

AT SITE

No. OF
ZONE

GROUPS

% OF
NATIVE
ZONES

1 granite 11 6 27 11 granite 15 6 33

2 granite 12 5 25 12 basalt 8 4 38

3 granite 14 6 64 13 granite 7 4 14

4 granite 12 5 0 14 sedim. 12 4 42

5 granite 17 5 11 15 sedim. 13 4 54

6 basalt 10 5 0 16 basalt 13 3 0

7 basalt 7 3 0 17 basalt 12 5 25

8 basalt 14 6 29 18 basalt 14 5 36

9 sedim. 13 7 54 19 basalt 16 6 6

10 sedim. 11 6 55 20 basalt 12 5 33

Table 2. The geology, number of zones sampled, number of groups of zones and
of native zones at 20 roadside sites within 50 km of Armidale, NSW
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INNAMINCKA REGIONAL RESERVE - A MISMANAGED MULTIPLE LAND -USE RESERVE

Julian Reid & Jim Puckridge

C/- CSIRO Wildlife & Ecology, P.O. Box 2111, Alice Springs 0871.
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ABSTRACT

Innamincka Regional Reserve in the north -eastern deserts of South Australia
is a multiple -use reserve. Wildlife conservation is a primary management
objective and the other main land uses (pastoralism, mining and tourism) are
to be managed so that this objective is not compromised. We point out flaws
in the concept - the incompatibility of uses, conflict between public and
private interest, and the assumption that multiple -use reserves are a low -cost
conservation option. We demonstrate that activities damaging to significant
conservation values on the reserve have not been controlled. Resource
exploitation and conservation cannot coexist without large financial,
managerial and scientific inputs. Even with such inputs, impacts will occur,
and some uses will remain incompatible with conservation. This multiple -use
model is not a panacea, and we advise against its adoption elsewhere.

INTRODUCTION

The Cooper Creek - Innamincka region in north -east South Australia has
outstanding conservation values. Within Innamincka Regional Reserve (IRR), the
diverse extensive wetlands of Cooper Creek are juxtaposed with arid landscapes
forming a complex of ecotones and patches. This spatial complexity is
multiplied in the temporal scale by the hydrological variability of Cooper
Creek. The wetlands are also extremely productive. Floods sweep nutrients from
the Cooper floodplains into the Coongie Lakes system. The combination of
water, habitat complexity and high nutrient levels accounts for the
considerable natural values of IRR (Reid & Gillen 1988; Reid & Puckridge
1990). The region is rich archaeologically too.

These values have been recognised nationally by listing on the Register of the
National Estate, and internationally by the listing of the Lower Cooper system
on the Ramsar List of Wetlands of International Importance. Since the
dispossession of Aboriginal peoples, the region has been under pastoral lease.
More recently, hydrocarbon production and tourism have become major uses.

The South Australian National Parks and Wildlife Act (1972) was amended in
1988 to introduce a new park category for multiple use. These "regional
reserves" were set up "for the purpose of conserving any wildlife or the
natural or historic features of that land while, at the same time, permitting
utilisation of natural resources of that land." We interpret this to mean that
conservation of significant heritage features should not be compromised by
other land uses. We critically examine this model of a multiple -use reserve
adopted at Innamincka, drawing on intensive research conducted there over the
past five years (e.g. Reid & Gillen 1988; Reid & Puckridge 1990). We then
compare the rhetoric in the draft management plan for IRR (SANPWS 1988) with
the actual management effected. We conclude with recommendations on how
management of multiple land use within conservation reserves could be
improved.

EFFECTIVENESS OF IRR IN CONSERVING HERITAGE VALUES

Conceptual Problems
The multiple -use concept is flawed. All resource utilisation, however well
managed, imposes environmental costs. In practice, such costs are most
effectively minimised by separating exploitation activities and sites of high
conservation value (zoning). The multiple -use concept rejects this simple and
effective approach, allowing contiguity between exploitation and conservation,
and proposes to minimise impact through "management ". This ignores the
incompatibility between certain types of resource exploitation and
conservation (see grazing, below) and assumes a level of ecological insight,
financial support and legal power which is unknown in nature conservation
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financial support and legal power which is unknown in nature conservation
agencies in this country.

The Innamincka model implicitly assumes that regional reserves are a low -cost
option, that with minimal management inputs (examples given below),
conservation objectives can still be met. This assumption is clearly
unwarranted. In fact, the more exploitative and wide -ranging the commercial
uses are, the greater will be the required level of conservation management,
which costs money.

A further deficiency in the model arises from the conflict between public and
commercial interests. This is illustrated by the exclusion of public input to
the lease agreements between the State Government and Santos Ltd and Kidman
Pastoral Co. These are crucial documents governing major uses of Crown Land
in a public conservation reserve.

Problems in Practice

1. Grazing

Kidmans exercise their right to graze cattle over the whole reserve. There is
no evidence that their practices have been modified since dedication of IRR.
In fact the lease agreement between SANPWS and Kidmans appears to be based on
the superseded weaker version of the Pastoral Act, whereas other pastoral
lessees in the State are now subject to the current Act which espouses a
stronger land -care ethic.

Although scientific opinion on the effects of stock grazing on arid ecosystems
varies, we argue that "grazing as usual" is incompatible with the conservation
of at least some significant natural values (Newsome 1971; Johns et aI. 1984;
Reid & Gillen 1988). The impact of cattle on the floodplain of Cooper Creek
in IRR under drought conditions, in the virtual absence of rabbits, has been
qualitatively described (Reid 1992). This damage has been acknowledged by
Kidman Pastoral Co., and some destocking has occurred. However, that damage
continued for a year before action was taken illustrates the inadequacy of
supervision in IRR.

Recent models of the functioning of Australian arid zone ecosystems (Morton
1990; Stafford Smith & Morton 1990) point out that:

1) Areas of nutrient enrichment (like the Cooper Creek floodplain) have
paramount ecological significance;

2) These fertile patches have been the focus of activity of exotic grazing
animals;

3) Degradation of these critical environments by introduced herbivores,
particularly in droughts, probably has been the biggest contributor to
the widespread extinction of medium -sized native mammals on mainland
arid Australia. There are no medium -sized native mammals, apart perhaps
from the echidna, extant in IRR.

Rabbits have played a major part in these extinctions (Morton 1990). However,
in the absence of conclusive comparative studies, ecological reasoning and
observation indicate the impacts of stock grazing, historically and currently,
can be as severe (Reid 1992). Multidisciplinary research into the
disappearance of native mammals in the Flinders Ranges concludes that most
extinctions occurred in the first 50 years of European occupation - that is,
under heavy sheep grazing and prior to colonisation of the region by both
rabbits and foxes (Tunbridge 1991). Grazing practices have improved, but
impacts continue. Recher & Lim (1990) predict that the extinction of
medium -sized mammals will be followed by extinctions of smaller mammals,
reptiles and birds, unless radical changes in practice occur soon.
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We conclude that stock grazing and conservation in its purest sense are
"implacably opposed" land uses (Newsome 1971). Cattle should be removed from
the most significant portions of IRR, as we recommended (Reid & Gillen 1988).
If grazing is to continue on other parts of the reserve, it should be managed
in a radically progressive manner (see Purvis 1986).

2. Tourism

Some of Reid & Gillen's (1988) recommendations on tourism management have been
adopted (SANPWS 1988). However, the provision of management resources is
pathetically inadequate. Wildlife smuggling occurs, while illegal hunting,
netting and off -road access proliferate. With no ranger based on the 13 000
sq. km reserve, the necessary supervision, education and monitoring of
visitors and their impacts are neglected.

3. Mining

The expertise and numbers of Department of Mines and Energy supervisors are
inadequate. Management of impacts is largely self -regulated by SANTOS Ltd.
SANPWS has minimal input, even on IRR. In principle, SANTOS has agreed to
modify its exploration and production practices in the immediate Coongie Lakes
area (SANPWS 1988), but mining is not excluded from any part of the reserve,
despite a specific recommendation to this effect (Reid & Gillen 1988).

Impacts of exploration have been reduced in recent years, but the release of
formation water with hydrocarbon extraction continues to be significant. The
main impact of mining in IRR and adjacent areas arises from infrastructure
developments - pipelines, roads, wellheads, satellite townships - and the
presence of a large mobile workforce.

4. Upstream Developments

Upstream developments may be as damaging to the natural values of IRR as
impacts originating within the reserve. Vegetation clearance, overgrazing,
water regulation, use of water for intensive agriculture, urbanisation,
pollution, introduction of exotics and commercial fishing are all either
occurring or impending in the Cooper Catchment. The draft management plan does
not address these issues.

CONCLUSIONS

If multiple -use reserves are to be successful as a conservation measure, the
concept should first be revised:
- to provide for a separation of incompatible uses, and
- to allow direct public involvement in framing of all management documents.

Second, practice needs to match rhetoric. Multiple -use reserves require a much
greater investment of resources than those in which conservation is the sole
land use. Uluru National Park is an excellent model of a well -managed multiple
use reserve, sustaining tourism, indigenous human occupation, conservation and
public interpretation. Its success derives from the cooperation between
traditional owners and non -Aboriginal staff, massive financial input and
consequent large ranger force, targeted ecological research and resource
inventory, good planning, and the separation of incompatible uses (see ANPWS
1991). Even greater resources will be necessary to deal with the more
exploitative land uses in IRR.

The Regional Reserve approach avoids the capital outlay required to buy out
existing leases, and in this sense is cheap - but only in the short term,
ignoring long -term costs of land -use conflict and degradation.

In IRR, SANPWS has achieved no significant controls over mining, grazing or
upstream activities, and only limited management of tourism. The conservation
objectives in the National Parks and Wildlife Act and the draft management
plan are not being met. Because the SANPWS multiple -use model is flawed, these
objectives cannot be met. Revision of both concept and practice are urgently
needed.
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POSSIBLE BIOTIC ORIGINS OF SURFACE -SOIL FEATURES IN SEMI -ARID ACACIA WOODLANDS

J.C. Noble

CSIRO Division of Wildlife and Ecology, P.O. Box 84, Lyneham, A.C.T. 2602

INTRODUCTION

One of the fundamental characteristics of Australian rangelands is the high
degree of surface -soil heterogeneity found in most communities (Stafford Smith
and Morton 1990). Much of the small -scale patchiness can be attributed
directly to biologically mediated processes comprising past or present
activities of either soil -inhabitating or soil- nesting animals such as
termites (Noble et al. 1989). Long -term productivity in most arid rangelands
is dependent on management systems that recognise the importance of such
patches by promoting the maintenance, and if necessary, the restoration of
surface heterogeneity. This paper describes the general morphology,
distribution and possible evolution of two forms of surface -soil features
observed in a major research site established over 200 hectares at "Lake Mere"
Station, 35 km north of Louth, New South Wales. The clear radial symmetry
suggested biotic origins for both these features.

METHODS AND MATERIALS

A systematic survey of the site was undertaken in October 1987 using transects
established for earlier surveys (Noble et al. 1989, Tongway and Ludwig 1990).
After measuring mean diameter, each feature was classified according to its
surface morphology and its position recorded by measuring distance coordinates
to the nearest fences. Height profiles of selected features were also surveyed
by dumpy level to characterise their microtopography. Soil samples (bulked
duplicates) were first air -dried in a glasshouse before sieving (2mm) prior
to analysing for available nitrogen and organic carbon.

RESULTS AND DISCUSSION

Forty eight of the smaller features were found throughout the 200 ha site
giving an overall density of 1 mound to 4.2 ha; however, their distribution
was far from uniform with none being found in either the mulga groves or
drainage lines.Whilst radial symmetry is not exclusively biotic in origin, it
is a fundamental characteristic of many animal nests when viewed in plan.
Detailed studies by Frith (1962) of nest construction by the mallee fowl,
together with numerous observations throughout central Australia by Europeans
last century, provide circumstantial evidence supporting the hypothesis that
they once occurred at "Lake Mere" but are now locally extinct. Since most of
the smaller features at "Lake Mere" were situated along the ecotones flanking
mulga groves, orientation towards the sun to facilitate egg incubation may
possibly have been an important factor in selecting appropriate nesting sites
in these communities.

Chemical analysis of soil samples taken along the radial transects revealed
a significant gradient in surface (0 -3 cm) soil fertility, particularly soil
nitrogen. Available nitrogen in the surface soil of the central depression was
more than twice that recorded from lower depths (7.5 cf 3 mg N.g ). Although
surface soil nitrogen fell by nearly 70% outside this central zone, it was
still substantially higher than the levels recorded in the subsoil. Similar,
but less pronounced, trends were observed for soil organic. carbon with the
highest carbon content being recorded in the central surface soil (0.8 %).

The horizontal profiles of the larger features differed considerably in their
scale of construction compared with the smaller features . Because of their
size and the volume of calcrete rubble displaced during construction, they
were unlikely to have been built by mallee fowl though size per se does not
preclude this bird. Instead, it is postulated that these warrens were
excavated by the burrowing bettong (Bettongia lesueur), a powerful burrower
capable of penetrating the underlying calcrete, possibly by exploiting faults
such as solution holes. Burrowing bettongs initially had one of the widest
geographical distributions of any mammal on the Australian mainland (Finlayson
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1958). Subsequently, a combination of competition from introduced herbivores,
particularly the rabbit which also parasitised the bettong burrows (Myers and
Parker 1965), predation by foxes and feral cats, and poisoning or hunting by
early settlers who regarded them as one of the "bush vermin" (Rolls 1969), led
to their ultimate extinction on the mainland. Patchiness induced by both
mallee fowl and bettong nesting activity could have enhanced herbage
productivity due to discarded nests becoming fertile islands, particularly
near interception zones with relatively deep and fertile substrates.
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A CASE OF ECONOMIC- ECOLOGICAL MODELLING OF DRYLAND SALINITY

R. Greiner

Department of Agricultural Policies; The University of Hohenheim; 7000
Stuttgart 70; Germany and

Department of Agricultural Economics and Business Management;
University of New England; Armidale NSW 2351

Dryland salinity has recently been recognised as being a major threat to the
productivity of vast areas of the fertile soils of the Liverpool Plains in
NSW. The phenomena of salt scalding and rising groundwater tables are complex
in the catchment's hydrogeological context. Scientists are only beginning to
quantitatively relate salting to agricultural land use systems and have come
up with some estimates of social costs caused by recharge decreasing
agricultural activities (e.g. McCallum and Blyth 1985; Flavel 1990). Time lags
play a crucial role in salting. Abatement options are still being
investigated. These characteristics predetermine dryland salting as a subject
for ecological- economic model analysis which provides a holistic research
method. This paper outlines the concept of a catchment model for the Lake
Goran area which tries to capture the relationships between the bio- physical
analytics of land management practices, including the aspect of dryland
salting, and the financial motivation for farming. Various policy instruments
which aim at converging microeconomic and social land -use optima with respect
to induced salinisation, will be scrutinised to determine whether, and under
what conditions, they might be applied.

Farming systems in the Goran Basin can be clearly distinguished according to
their location in the catchment with respect to topography and soils. In order
to capture hydrogeological interdependencies for catchments in WA, Barton
(1992) chose a two -farm multi -period optimisation model, representing a
catchment in profile with one upslope and one downslope farm. By representing
different land -use zones in the Goran Basin with model farms, the
socio- economic characteristics of the farming sector will be depicted (Oenal
and McCarl 1989).

A whole range of modelling approaches reaching from linear programming (Oram
et al. 1992) to optimal control theory (Gomboso 1990) and stochastic dynamic
programming have been applied to analyse different aspects of rangeland
degradation. For the Goran area case study a poly -period mathematical
programming model (Cowie and Pears 1989) will be set up to optimise discounted
net income of the model farms. Linear programming will be used as an adequate
and sophisticated means for calculating optimal resource allocation. The
hydrogeological component of the model system will be supplied by PERFECT, a
vertically designed soil model applicable to the location (Freebairn et aI.
1990) which will calculate groundwater balances. The LP model will optimise
model farm incomes and total regional income from farming, with and without
consideration of social costs for different total groundwater recharge
scenarios, thus determining a sustainable land use system. The final question
of how farmers within the different land -use zones can be encouraged to
introduce adequate salinity abatement strategies will be addressed by
formulating various policy scenarios (Poulter and Chaffer 1991) and estimating
their ecological and economic effects. Thereby, emphasis is placed on the
reduction of financial barriers for voluntary strategy adoption, with the
effects of compulsory measures also being computed. Sensitivity analysis of
the major non -policy state variables will allow for discussion of the impacts
of production and price risk on salinity management strategies. The results
will thus provide essential advice to farmers in micro -economic terms and to
land care groups and policy makers to allow strategy design beyond the
catchment's boundaries.
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ECONOMICS OF STOCKING RATES IN THE SEMI -ARID RANGELANDS OF NSW

Bob Wynne

Department of Conservation & Land Management, Condobolin

Some landholders, bank managers, and stock and station agents believe that to
maximise returns from a set area of land one needs to run as many sheep as
possible. In this paper a gross margin (GM) and profit and loss analysis for
three separate stocking rates is used to test this belief.

The results presented below are based on information from a survey of 20
landholders on rosewood -belah land types in the Ivanhoe, Wentworth and
Balranald areas. Data on long term management practices, production and
financial outcomes were used to construct a typical property with the
following characteristics.

Area 26,315 ha (65,000 acres)
Rainfall average 275 mm

- Western Lands Commission Rental Carrying Capacity (WLCRCC) 7500 flock
sheep (1 to 3.5 ha) - (1 ewe equals 2 dse)
Merino self -replacing flock of 23 - 24 micron. Autumn lambing, late
winter shearing, CFA and surplus sheep sold in September

- Wether lambs sold unshorn
- Ewe lambs cover the cost of shearing only

Variable costs $4.75 per head (shearing, crutching etc)
Sheep and wool prices as at June 1992

Three stocking rates (SR) were assumed for comparison:
SR1) 4,000 ewes conservative (close to WLCRCC with lambs etc)
SR2) 5,000 ewes (typical)
SR3) 6,000 ewes (heavy)

The following results were found:

Conservative stockers achieve higher gross margins and improved profitability
(see Table 4) as a result of:

higher wool cut (ewes cut 6.5 kg or better on average)
the same long term wool production as those that run more sheep
higher lambing percentage (long term lambing averages 80 - 85 %)

- higher stock turnover (sales average a third of the flock each year)
lower stock losses (ie a lack of "disasters ")

Table 1. Summary of wool gross margins for adult sheep

Wool
Produced(kg)

Wool Inc.
(nett)

Variable
Costs

Gross
Margin

Sheep
Shorn

Per
Head

SR 1
SR 2
SR 3

37,800
38,093
37,800

$ 94,500
97,137

*101,170

$26,600
31,468
36,337

$67,900
65,669
63,833

5600
6625
7650

$12.12
9.91
8.34

The Conservative SR has a much higher GM per head due to lower total variable
costs.

NOTE: Wool production includes maiden ewe's and ram's wool

* Due to significant penalties for tender wools under a free wool market
this figure could be lower for SR3.

Table 2. Summary of stock sales.

Sheep Sold Net Income Average per Head

SR 1 3100 $ 37,000 $ 11.93
SR 2 3450 31,400 9.10
SR 3 3700 26,000 7.02
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The higher body weight (or condition) from the conservative stocker allows
higher per head return, and greater flexibility in marketing strategies.

The heavy stocker may face the possibility of not being able to market sheep
in periods of drought and /or recession as happened in 1991 - 92, when buyers
will only buy quality sheep. This can result in serious overstocking and
consequent heavy losses, sheep sales at severely discounted prices and /or land
degradation.

Table 3. Summary of Total Gross Margin (Sheep & Wool sales)

Wool Sheep Total GM per ewe GM per ha

SR 1 $67,900 $37,000 $104,900 $ 26.22 $ 4.01
SR 2 65,669 31,400 96,669 19.33 3.67
SR 3 63,833 26,000 84,833 14.97 3.41

The higher wool cuts, better lambing percentages and higher average sheep sale
price of the conservative stocker results in higher gross margins per ewe, and
per hectare.

The survey results showed that as a landholder increases his stocking rate
above the WLCRCC the gross margin per sheep, gross margin and profit per
hectare falls.

It also showed some heavy stockers had low to very low sheep sales as a
percentage of total income due to:

low lambing percentages and consequent slow genetic improvement
- sheep unsaleable in drought or recession due to light condition

(body weight)
heavy losses in periods of stress

Table 4. Profit and loss for three stocking rates

SR Total Gross Variable Fixed Profit Profit Profit Profit
Income Costs Costs* per ha No Interest per ha

no int

SR1 $131,500 26,600 72,000 32,900 1.25 70,400 2.67
SR2 128,537 31,468 72,000 25,069 0.95 62,569 2.37
SR3 126,170 36,337 72,000 17,833 0.67 55,333 2.10

CONSERVATIVE STOCKING HAS THE POTENTIAL TO DOUBLE PROFIT FOR A LANDHOLDER WITH
MODERATE DEBT (see Table 4 profit per hectare).

A severe drought year like 1992 has seen several producers in the survey still
achieve high levels of production. One has achieved an average wool cut of
7.04kg for ewes and another has a 70% lambing.

In contrast heavy stockers are facing low wool cuts, poor lambing percentages
and heavy losses. These producers are facing the prospects of large losses
economically and ecologically. As lamb marking and shearing are completed by
August, information will be available to confirm this.

In conclusion, conservative stocking is a very important part of an overall
management package. The potential benefits include increased income and a
decreased risk of economic and /or ecological "disasters ".

The co- operators who gave their information must be thanked. Without them
this information could not have produced.
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THE PRODUCTION AND ECONOMICS OF SHEEP GRAZING MITCHELL GRASS
PASTURES IN NORTH -WEST QUEENSLAND

D.H. Cobon72, P.T. Connelly J.V. Bailey? L.M. Hennoste7,
V.L. Hansen), P.A. Newman'

2 Present address: QDPI, P.O. Box 519, Longreach, Qld. 4730.
1 QDPI, Toorak Research Station, Julia Creek, Qld. 4823.

ABSTRACT

A yearly management programme for sheep in north -west Queensland has increased
lambing percentage by > 20% compared to the district average. Greasy wool
production of ewes over 4 years (1988 -91) averaged 4.3 kg and wethers over 2
years (1990 -91) averaged 5.7 kg. The economic advantages of running breeding
ewes or wethers was influenced by wool and sheep markets. During low wool
prices ($2.82/kg net selling costs, 1990; $2.44/kg net selling costs, 1991)
it was estimated that a 65% lamb weaning rate was needed for returns from the
ewe and wether flock to be equal. Gross margin ($ /DSE) for the ewe flock
were 21.80, 17.07, 8.53 and 5.42 in years 1988, 1989, 1990, 1991 respectively
and 5.82 and 5.01 for wethers in 1990 and 1991 respectively.

INTRODUCTION

Low reproductive performance (40 %, Rose 1972) of ewes grazing mitchell grass
(Astrebla spp.) pastures in north -west Queensland is an economic constraint
to graziers. Heat stress, lack of shade and inadequate nutrition are most
responsible for poor lambing performance. The results from studies at Toorak
Research Station (lat 21 °S, Long 142 °E), Julia Creek (1970 - 1987) were
incorporated into a whole year management package for sheep. The combined
effect of individual management recommendations was assessed by monitoring the
performance of breeding ewes and wethers grazed at district average stocking
rates (1 sheep /2 ha).

METHODS

Groups of ewes and wethers were managed according to QDPI recommendations.

RESULTS

Performance of ewes and wethers at Toorak and the district average lambing
percentage is shown in Table 1. Yield (61.6 - 74.2 %), fibre diameter (21.3 -
23.2 um) vegetable matter (0.4 - 1.6%), staple strength (30 - 43 N /kt) and
staple length (72 - 100 mm) of fleece wool were influenced by variation
between seasons.

DISCUSSION

Lamb marking percentage was above the district average by more than 20%. The
low pregnancy rate in 1989 was a reflection of small size and live weight of
the maidens and low live weight and body condition of the remainder of the
ewes at joining, due to drought conditions in the spring of 1987. In 1990 and
1991 there was an abundance of feed after good rainfall which resulted in high
pregnancy and lambing percentages. Management strategies between lambing and
weaning kept lamb losses during this period to a minimum in all years.

Wethers produced more wool (5.7 kg greasy) than ewes (4.3 kg greasy) which is
indicative of a reduced annual mustering component compared to ewes (as well
as shearing and crutching, ewes are generally mustered for lamb marking,
weaning and ram removal after joining) and the extra nutritional demands
associated with pregnancy and lactation. Greasy fleece weight of adult sheep
(5.0 kg greasy, 1990 - 91) was higher than the long term district average
(wool production of adult sheep in the north -west statistical division from
1966 - 85 was 3.85 kg, ABS). Wool production in ewes was maintained despite
a poor season (1988) and a higher proportion of ewes rearing lambs to weaning
compared to the district average.

Low prices for wool and sheep in 1990 and 1991 significantly reduced gross
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margins and increased the lambing percentage required for the ewe flock to
break even economically with the wether flock. When wool prices (net of
selling costs) were low ($2.82/kg, 1990; $2.44/kg, 1991) it was estimated that
a 65% lamb weaning rate was needed for returns from the ewe and wether flock
to be equal; however the long term district figure is approximately 60%
(Newman, unpublished data).

Variable costs for wethers were between 70 - 80% of those for ewes. Cost of
supplements (1988, 1989; dry seasons) and blowfly control (1990, 1991; wet
seasons) were significant. District average variable costs were approximately
$4.50 /DSE. For drier years with a good wool market it was estimated that 10%
extra lambs (weaner value $20 /head) are needed to cover costs of fodder and
supplements.

The Toorak Flock Management Package focuses on maximising both long and short
term whole flock profitability. By using such a management program it allows
maximum profit while keeping costs to a minimum. The harsh environment of the
mitchell grass plains imposes considerable stress on sheep, however management
practices can modify or circumvent many of the factors limiting production.
No one management practice will singly improve flock performance. Increasing
lambing percentage allows for heavier culling, further increasing flock
productivity.

Season and sheep and wool market values have an overriding effect on
profitability. Implementing the flock management package will, in most
seasons, enable weaning rates of more than 60 - 65% which should provide
better profitability in grazing ewes compared to wethers. Management of
wether flocks require less manpower and provides balance and diversity when
run in conjunction with ewes.

Table 1. Numbers of sheep shorn, rainfall, reproductive rates, wool
production and gross margin of ewes and wethers at Toorak, Julia Creek.
District average lambing percentage is presented

Parameter 1988

Ewes

1989 1990 1991

Wethers

1990 1991

Adult sheep shorn 658 656 1007 1217 1059 531

RainfallA (mm) 184 546 453 587 453 587

Pregnancy ( %) 87 80 96 94 NA NA

Lambing ( %)
- Toorak 73 64 83 84 NA NA
- District Average 40 40 55 60 NA NA

Weaning ( %) 73 63 81 83 NA NA

Wool production
- GFW (kg /hd) 3.3 4.7 5.1 4.0 6.2 4.7

- CFWB (kg /hd) 2.1 2.9 3.3 2.7 4.0 3.5
- Gross ($ /kg) 6.62 5.05 4.10 3.07 4.06 2.84

- Net ($ /kg) 5.74 4.36 2.82 2.44 2.80 2.26

Total income (A)
($ /DSE) 28.30 23.90 13.96 11.66 10.14 9.41

Variable costs (B)
($ /DSE) 6.50 6.83 5.43 6.24 4.32 4.40

Gross margin (A -B)
($ /DSE) 21.80 17.07 8.53 5.42 5.82 5.01

A Toorak rainfall
B Calculated excluding lambs
Net of wool selling costs
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ISSUES FOR LONG TERM VIABILITY IN THE EASTERN DESERT REGION

A.R Carson7 and P.A Newman2

Department of Primary Industries, Charleville Qld 4470.
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INTRODUCTION

The eastern desert region is located to the east of Barcaldine and is
bounded by the dividing range near Jericho to the east, Blackall to the
south and stretches north -east of Aramac to the north.

Problems of poor productivity and small property size are not new to this
region as it has a long history of difficult economic times. By conducting
an economic study, the authors sought to establish criteria which may
predict the future viability of properties in this area.

FACTORS INFLUENCING LONG TERM VIABILITY

From the economic study and other work, several key factors influencing
long term viability were identified, namely: property size, property
management and herd management.

Property size

The fundamental economic problems in the region are highlighted in Table 1:

Table 1. Key economic measures for the eastern desert compared with the
mitchell grass (average 1985/86 - 1989/90)

Measure of interest Average - mitchell
grass

Average - eastern
forest

Average carrying capacity
(head)

1 364 750

Farm cash income $85 821 $8 100

Profit at full equity
- $ $68 986 ($16 228)
- % of assets 4.0% -3.8%

Cattle GM ($ /head) $83.50 $55.00
ource: Newman and Carson (1992) and Newman (1992)

The above figures serve to illustrate that the combination of small size
and low productivity (indicated by low gross margins and stocking rates)
are the basis for the economic problems faced by producers in this region.

Culpitt (1992) defined economies of size as a significant reduction in
average costs per unit of output as property size increases. It was found
that smaller properties (i.e. those with less than 600 head of cattle) were
facing significant diseconomies of size, and it was suggested that if the
current cattle market prevailed for a significant period of time then at
least 1000 head will be required for all costs (cash and non -cash) to be
just met (Newman 1992).

Economies of size were achieved primarily in operator labour costs and in
turn, total costs. This was due to operator labour being more fully
utilised on the larger properties.

Efficient property management

This is achieved by:

(a) appropriate stocking rates;
(b) adequate property maintenance and improvements; and
(c) astute business management skills.
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Stocking rates were found to be about equal to Lands Department
recommendations for larger properties but tended to be below for smaller
properties. A probable reason for understocking on the smaller properties
was the inability of these operators to build up cattle numbers.

Property maintenance and improvements were often done in kind by both
family and neighbouring producers. While some properties were run down,
many were being gradually improved.

Business management skills of producers in the region are in general very
limited and significant improvements could be made in this area. Despite
this, tight cost control was evident on most properties.

Efficient herd management

It was estimated by Newman and Mullins (1992) that potential exists to
improve cattle gross margins by about $19 per adult equivalent (40 %). This
can be achieved through a combination of improved weaning rates, reduced
breeder mortalities and increased weight gains in the progeny.

CONCLUDING COMMENTS

The problems of small property size and low productivity in conjunction
with the likelihood of continued low cattle returns mean that prospects for
graziers in this region are limited. Even with efficient herd and property
management, these three barriers are beyond the scope of many producers.

Unless the Government and industry are satisfied with a large proportion of
producers merely subsisting and being aided by Government funding, scope
will exist for active Government intervention in this region to encourage
property amalgamation and improvement to the existing resource base.
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THE WILLINGNESS TO PAY FOR WOODY WEED CONTROL

Stephen Kelly

Economist, Department of Conservation and Land Management,
P.O. Box 211, Cobar, 2835.

INTRODUCTION

Woody Weed encroachment is an ever increasing problem in the Western Division
of New South Wales. Once established woody weeds become very expensive to
control. Often the cost of control is greater than the resale value of the
land. However there are examples of Lease Holders controlling woody weeds
when the costs appear prohibitive. Why does this occur? The answer may be
found by considering the unpriced benefits of woody weed control such as:

Prevention of spread to adjacent clear land.
Improved mustering and control of flystrike
Better control of feral animals
Better prospects for future viability
Improved aesthetics (appearance of property)
Reduced stress to leaseholder and family

This paper discusses the results of a survey undertaken by my predecessor as
woody weeds economist, Chris O'leary. The object of the survey was to
estimate the willingness to pay (WTP) of Western lands lease holders for
control of woody weeds. The WTP was assumed to measure both the priced and
unpriced benefits of woody weed control through the eyes of Western Lands
Lease Holders.

The priced benefits of woody weed control are increased gross margins,profits
and land values. For example the increase in gross margin for land after
removal of heavy woody weed encroachment is approximately $1.17 per hectare
in the Cobar and Bourke regions (Murphy et al. 1992). Recent sales of leases
show a premium for land free of woody weeds, with woody weed infested blocks
receiving $40 -$50 per sheep area (Wynne, 1992) and open blocks with good water
receiving $60 -$80 per sheep area while blocks with river frontage have been
receiving $90 -$100 per sheep area (Bob Wynne, personal communication 1992).

METHOD

The method used to illicit the WTP of Western Lands Lease Holders was
contingent valuation. Contingent valuation is a useful tool in the valuation
of unpriced benefits. It works by giving consumers (in this case lease
holders) the opportunity to purchase an unpriced good or service in an
hypothetical market. The contingent market used in the survey gave
leaseholders the opportunity to purchase woody weed control in units of one
acre. The survey was conducted through a mailback questionnaire, 72 completed
questionnaires were returned.

RESULTS

The average WTP for the entire survey group was $19.17 per acre or $47.37 per
hectare. The range of responses was from $247 per hectare to $0 per hectare.
It is interesting to note that there were 12 zero bids. Some of these zero
responses would represent protest bids where respondents did not agree with
the approach taken in the survey. However, there is no doubt that some
respondents felt that there were zero returns for woody weed control.

There is considerable variations in WTP for different regions in the zone.
For example the average WTP for respondents in the Cobar area was $15.28
compared to $11.25 in the Bourke area and $21.44 for the rest of the Western
Division. These variations probably reflect differences in priced benefits
of woody weed control as well as individual's valuation of the unpriced
benefits.
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The WTP responses of lease holders can be used to derive the demand curve for
woody weed control as seen in Fig. 1. In order to accurately analyse this
curve it is necessary to dissect the data into homogeneous groups. For
example, by analysing the data from properties infested with turpentine, the
demand curve for turpentine could be formulated which will be different from
the demand for hop bush control. This curve will be discussed in further
detail in my poster presentation.

Figure 1. Demand For Woody Weed Control.
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As the analysis of the data is not completed it is impossible to report any
major conclusions, however it can be reported that:

* This survey has shown that WTP for woody weed control can be elicited
from leaseholders through the contingent valuation method.

* WTP for woody weed control varies between areas within the Western
Division.

* A percentage of western lands lease holders feel that woody weed
control is not a worthwhile activity.

* From the WTP responses the demand curve for woody weed control can be
estimated. This curve is non -linear.
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CAN RANGELAND MANAGEMENT BE CHANGED ?: A MODEL FOR TRANSFERRING COMPLEX R&D
TECHNOLOGIES TO POTENTIAL END- USERS.

N.D. MacLeodl, P.G.H. Van Beek2, J.A. Taylors, and P.N. Vance3

1CSIRO Division of Tropical Crops & Pastures, St. Lucia, Qid 4067.
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ABSTRACT

While R &D agencies are responding to growing demands for sustainable resource
management systems, the benefits of R &D investments are lost if the new
technologies are not adopted. Complexity of sustainable management systems
and doubt on the value of traditional extension methods for handling complex
technologies are raising interest in the development of new technology
transfer models. The paper outlines a new and systemic approach to
integrating R &D and technology adoption within a sustainable grazing
management context.

INTRODUCTION

Major changes are occurring in the way that the community views and values
rangeland resources. Much of this change is driven by concern at the rate of
resource degradation under present grazing management systems. This has led
to increasing demands for sustainable resource management systems. The R &D
community is responding; but, the benefits of this work are lost if potential
end -users do not adopt the new technologies.

The problem is compounded by the complexity of the management task implicit
in sustainable rangeland use, and doubts about the adequacy of traditional
technology -based extension methods to successfully introduce complex
innovations (Pampel and van Es 1977, MacLeod et al 1991). Analyses of
sustainable grazing R &D suggest substantial net economic benefits if the
resultant information and technologies are used by a significant proportion
of potential end -users (eg. MacLeod 1992). Moreover, the net industry benefit
rises sharply if the rate and extent of adoption is accelerated. Despite
these benefits, the actual uptake of R &D -based technologies has historically
been poor. This may arise because the R &D providers fail to carry out
adequate market research before beginning research programs to ensure that
anticipated products are both feasible and relevant to the needs of potential
end- users. The paper presents a systemic 'model' for integrating R &D and
technology adoption within a sustainable grazing management context.

THE PROPOSED MODEL

The model uses hard and soft - systems methods, and aims to ensure the relevance
and feasibility of R &D outcomes from key stakeholders' viewpoints. It
utilises group perspectives through a continuous, direct and structured
communication process between R &D providers and potential end -users in order
to make the R &D products more relevant and acceptable, and, therefore, easier
to extend. The model has six inter -related activities.

Activity 1:
Prior to commencement of the R &D project establish focus groups representing
major stakeholders to identify perceptions of simple and complex technologies;
attitudes to and perceptions of sustainable land management; action
constraints and information networks. The groups represented in separate
sessions include landholders, conservation groups, land management agencies,
educators, agribusiness, other relevant community groups, and R &D and
extension personnel from outside the project(s). The R &D project team members
individually participate in the group activities and, as a team discuss each
group's findings with them.
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Activity 2:
During the life of the project establish reference groups to assist R &D
personnel to review and interpret the trial data, appraise its technical and
management significance from different perspectives and to advise on
appropriate alterations to the R &D design. These small groups include
technically highly competent individuals drawn from a range of backgrounds
(including producers), and research personnel from the R &D project.

Activity 3:
Approximately mid -term conduct a relevance audit through a workshop(s) of a
wide range of stakeholders and interest groups. Its function is to review the
R &D project in terms of continuing relevance to their interest, to suggest
refinements to the R &D approach, and to validate the applicability of the
emergent results to regions beyond those under study. The reference groups
(Activity 2) provide interpretation of data from different perspectives to
this larger and non -technical audit group.

Activity 4:
At the end of the active R &D phase establish a second round of focus groups to
examine R &D -based recommendations from the reference groups (Activity 2) in
detail and to validate the applicability of emergent technologies from the R &D
project. The groups also play a major role in the design and support of
technology packaging strategies.

Activity 5:
A survey and interview phase identifies differences between adopters and non -
adopters of simple and complex land management innovations, as defined during
the focus group meetings (Activity 1). The adoption process for the simple
innovation suite is canvassed by either a short survey of landholders, or via
informed -person survey techniques followed by a case study and /or further
postal survey. Adoption of the complex innovation suite is examined using a
semi - structured interview process with a range of people with specialised
knowledge of grazing land management or an influence on decision making. The
aim is to discover aspects about the topic (complex innovation adoption) which
may be new to R &D personnel, and which may form questions for further analysis
or quantification.

Activity 6:
During the life of the project review the impact of the R &D products on the
target end -users and consider the potential to extend the strategies to other
regions and /or situations. Document the previous activities and evaluate
outcomes against criteria for success.

FINAL

The 'model' will be tested in Queensland by the authors as an integral part
of two large -scale R &D projects addressing significant land degradation
problems -'GLASS' (Burnett River catchment) and 'ECOSSAT' (Burdekin River
catchment), commencing in July 1992. Information derived from the project
will provide important resource material for R &D agencies engaged in land
resource management research and technology transfer.
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THE STATE - AND -TRANSITION MODEL: A CONCEPTUAL FRAMEWORK FOR A DECISION
SUPPORT SYSTEM FOR SUSTAINABLE GRAZING MANAGEMENT

Jennifer A. Bellamy and Duncan Lowes

Division Tropical Crops & Pasture, CSIRO, 306 Carmody Rd., St. Lucia. 4067.

ABSTRACT

A State - and -Transition model is being used as the conceptual framework for a
knowledge -based decision support system (DSS) to assess the state of grazing
lands and risks to the land resource from different management strategies.
The system, Landassess DSS, will combine geographic information systems (GIS)
technology, knowledge -based systems, and object oriented -design to integrate
expert knowledge, spatially -based data and simple models into a decision aid
for grazing land management.

INTRODUCTION

Growing public concern for the sustainable use of the land resource base has
led to an increasing need for more objective advice for land managers on risks
to the land resource base from different grazing management strategies.
Landassess DSS is a knowledge -based decision aid being developed to assist
land managers examine management decisions that are made in the context of
spatial heterogeneity of the pastoral resource base and uncertainty of forage
production with respect to quantity, quality and timing. Landassess DSS will
combine GIS technology, knowledge -based systems and object- oriented design to
integrate expert knowledge, resource data and simple models (eg water balance,
economic) into a user - friendly computer package. A prototype system is being
developed for the monsoonal tallgrass woodlands of northern Australia.

METHODOLOGY

Landassess DSS adopts a theoretical framework based on the State -and-
Transition model of Westoby et al. (1989) to describe the response of the land
resource to grazing management. This model of vegetation change provides a
practical framework for abstracting information about rangeland behaviour for
management purposes, and assessing the risks to the natural resource base
associated with alternative management strategies. The Landasses DSS
knowledge -base uses object- oriented and rule -based techniques to define: (i)
a catalogue of alternate 'states' of health of the grazing resource base; (ii)
a set of discrete 'transitions' between 'states'; (iii) a catalogue of hazards
and opportunities associated with individual 'states'; and (iv) an associated
set of probabilities of change to alternate states associated with each
transition.

Grazing management units (e.g. paddocks) are typically spatially heterogeneous
with respect to their natural resource distribution (i.e. vegetation, soil,
landform, climate attributes). Some parts of a management unit prove more
susceptible to degradation by grazing because of their position in the
landscape, inherent qualities of the vegetation, soil and land resources, and
variability of climate. The knowledge -based approach and GIS capabilities of
Landassess DSS will provide for simple modelling of the spatial variability
of the natural resource base, climate, and forage utilisation within and
between management units. This modelling enables the assessment of the
spatial impact of alternate management strategies (i.e. relating to stocking
intensity, stock type, fencing, fire, supplementation, and /or permanent water
supply). This will assist in identifying strategies that minimise the risk
of degradation.

The system will integrate knowledge and data from a number of sources
including: (i) existing GIS coverage of land units in Arclnfo format; (ii)
resource survey data relating to vegetation, soils and landform; and (iii)
climate and associated water balance data. The knowledge base for the State -
and- Transition model of monsoonal tallgrass woodlands is being developed from
information acquired through workshops and interviews conducted with local
pastoral, scientific and other experts, as well as published work.
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The Microsoft Windows graphical user interface is used to provide a
consistent, interactive and simple user interface to the DSS environment. The
object- oriented shell, Level 5 Object (Information Builders Inc., 1990)

integrates knowledge bases and databases, while ArcView (ESRI 1992) is used
to provide the GIS capability and compatibility with existing GIS.

DISCUSSION

The object- oriented approach to the design of Landassess DSS facilitates the
incorporation of new models (eg economic risk), data sets and knowledge bases
for other pastoral regions. Use of knowledge -based systems technology to
model the State - and -Transition model will allow for incorporation of
qualitative information and avoids the "black -box" problem associated with
many decision support systems. The integration of GIS technology will allow
for graphical display of spatial data queries and for land unit coverages from
existing GIS to be readily imported into the system.
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ABSTRACT

CHANGING EXTENSION APPROACHES IN QUEENSLAND'S RANGELANDS

Leath Stewart & Janice Timms2

Queensland Department of Primary Industries, Bundaberg
2Queensland Department of Primary Industries, Charleville

Recent changes in funding, employment of extension officers and increased
awareness of environmental issues in the rangelands has meant a change in
emphasis away from traditional extension methods. Current methods have had
to be modified to incorporate more flexible approaches to property
planning. Self -help and group methods have proved successful.

Project managers have had to change their management approaches to support
staff so that these changes can be effected. Different methods of project
evaluation, greater technical support, an emphasis on staff team building
and new training courses, particularly in group facilitation, have been
developed.

The challenge is for extension staff and project managers to provide
appropriate support to rangeland managers in changing situations.

INTRODUCTION

The rangelands of north and west Queensland have traditionally been
serviced by production- oriented staff. However, the impetus generated by
the focus on Land Care has led to an influx of funds and staff for land
management -related operations. Short -term positions and continually
changing situations have required a broader and more inventive approach to
rangeland management extension. The development over the past three years
of the land management staff role in this new service area is described.

CHANGING REQUIREMENTS FOR RANGELAND MANAGEMENT EXTENSION

Traditionally, production- oriented staff that have serviced the rangelands
are experienced, have had a long -term involvement, are authoritative and
are well- known. The nature of their information has led to the provision
of advice as "recipes ". The new land management staff, few in number and
remotely located, have needed to mobilise and make full use of the
knowledge of experienced staff and managers in their areas to integrate
production with longer -term land management.

Recently there has been a major shift towards the integration of resources
to form a "grazing system" approach, and property management planning has
become the vehicle to facilitate this approach.

The move into a new service area has meant that extension staff have not
been tied, either by their clients or themselves, to a traditional view of
the role of a land conservationist. They have been provided with an
opportunity to build an extension program which is broad and flexible.

EXTENSION APPROACHES

The major evolving function of land management staff is to facilitate
property managers to use property planning processes. Once tried, and
accepted, these processes can be used in other situations and at other
times.

Land management staff have assembled a variety of techniques to assist in
the facilitation process, and to provide the flexibility needed to service
large geographic regions and people with a variety of needs and preferred
modes of operation.
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The role is one of personal and technical facilitation, both for
traditional clients and within government. For example, since land
management staff operate within QDPI, they provide technical facilitation
between production- oriented personnel and groups interested in
conservation, land tenure, water resources, pest and weed control, and
urban or district issues.

Property planning

One of the functions of land management staff is to facilitate the use by
property managers of a planning process which integrates animal, financial,
land, human, pasture and other resources to achieve the land user's goals.
By working through the process with a short -term goal, the managers can
become familiar with the process and then use it for longer -term planning.

To undertake this function, land management staff must have a comprehensive
suite of tools available to assist property managers in the planning
process. The data sources, learning situations and decision - support
materials available need to be flexible and quite varied to suit the needs
of clients.

For property planning, property managers can choose to be involved on an
individual basis, in group workshops or in a mixture of both. They are
able to move from individual to group work as their needs and preference
dictate. Extension staff provide support by organising and facilitating
workshops, by carrying out property visits, and by providing products which
require no personal contact.

The supporting materials used also depend on the size of property, the
manager's individual preference and chosen financial outlay. The sources
of data that can be used include: remote sensing imagery, photomosaics,
property planning kits with overlays, line drawings, verbal advice,
booklets, spreadsheets, decision support programs, videos, etc. This
client- centred approach offers alternatives for individual managers, a
planning process which can be learnt and repeated as the need arises, and
the opportunity for managers to make decisions and assume responsibility
for their actions.

Other approaches

A variety of other extension techniques and products are used to link with
property planning and to take advantage of the knowledge of experienced
production staff and property managers. An example is Decision Support
computer packages, which deal with production -related topics such as
pasture, tree management and herd modelling, and provide estimated returns.
A general purpose property planning package is being developed which will
not provide answers or costs, but will relate the various property
resources and different management practices in a qualitative,
interdependent way. The program is designed to raise awareness of a broad
range of issues and to show how they may be integrated.

Other techniques, such as Problem Needs Assessment, are utilised to gain an
insight into the areas of concern to property managers and the local
community in general. The results are used to plan further extension work.
The Local Consensus Data technique can be utilised to gain information on
the "best bet" management practices for an area. This information is then
directed back into the property planning process.

STAFF APPROACHES - A QUEENSLAND EXAMPLE

Staff involved in land management in Queensland formed the Rangelands
Conservation Resource Group (RCRG), with the encouragement of supervisors
and managers. The vision of the Group is to "provide a mutually supportive
forum for exchange of information, expertise and practices to facilitate
the conservation and sustainable management of Queensland rangelands." The
group will provide encouragement to, and support the development of, people
directly and indirectly involved in the management of rangelands.
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The group fulfils this vision by providing strong technical support, staff
team building, new training courses and different forms of project
evaluation. The emphasis in staff training is on group facilitation,
personal communication and community development. Project evaluation is
often by peer review and evaluation of property manager's opinions and
progress. Some staff work in key areas of technology or extension and
learning methods. The group provides access to these new developments,
resulting in a quicker uptake of new ideas and techniques. The group meets
twice yearly, which encourages team building, reduces isolation and re-
enforces mutual support. The group also communicates bi- monthly by
newsletter and more regularly by other means.

SUMMARY

The key to land management in the rangelands of north and west Queensland
is flexibility - in the staff, in property managers, and in the products
and opportunities provided to them. Property managers will therefore have
a range of individual choices and processes that allow individual decision
making. The Rangelands Conservation Resource Group has provided staff with
a self- determined direction, a sense of purpose and a structure for staff
(existing or new) within which to work. The programs being developed in
rangeland extension should allow short -term staff, supervisors and
rangeland managers to work within a known, flexible framework to sensibly
manage resources.
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INTRODUCTION

This paper focuses on the development of an alternative approach to
Research and Development (R &D), involving pastoralist families as active
co- researchers taking action based on their needs. This approach attempts
to address the limitations of other approaches in terms of participation,
developing local action agendas, the role of experts, valuing local
knowledge and experience, enhancing local capacity for future R &D action
and establishing learning communities that take responsibility for action
and outcomes. This approach also recognises the importance of context in
R&D and seeks processes which are non -prescriptive and based on action
research /learning by people in their context.

CONCERNS ABOUT TECHNOLOGY TRANSFER

The Wool Research and Development Corporation has concerns about technology
transfer in Australia's semi -arid rangelands, specifically the low
utilisation of what they see as relevant grazing and rangeland management
technology generated through wool industry funded Research, Development and
Extension (R /D &E) programmes.

In response to this situation, the Corporation has funded an innovative
research project for a three year period which aims to critically examine
technology transfer in the NSW Western Division context with a view to
developing alternative but complementary approaches to rangelands R /D &E.
The "Community Approach to Research in the Rangelands" (CARR) project team
have invited pastoralists and three groupings from R /D &E institutions (at
all levels) to collaborate in the development of alternative contextual R &D
processes.

THEORETICAL FRAMEWORK & GUIDING PRINCIPLES

Underpinning the process developed is a theoretical framework relating to
communication, knowledge, action research, participation and context. From
this, principles have been developed to guide our practice:

* Invitations are extended to participate at any time.
* Each person's knowledge and experience in unique and valid.
* The context in which knowledge and experience is gained is critical.
* Research is not simply a scientific approach but something that

encompasses all ways of doing research - all people do "research" (find
out, explore).

* The diversity of experience, knowledge, extension and research
approaches are all valid and useful, giving different perspectives on
an issue.

* Knowledge is both individually and socially constructed, which can lead
to powerful learning networks when shared.

* Knowledge, understanding and experience gained through action
research /learning processes are more likely to result in locally
meaningful and adaptive change.

* Enthusiasm is a powerful tool in precipitating action. This relates to
a focusing of energy into doing something that we as individuals are
keen to do. Coupled with critical reflection on action taken, locally
meaningful questions can be asked with a view to taking research action

* The language we use is important when working with people in a
different language community.

* Power is shared in a collaborative and co- researching sense with
potential for mutually satisfying outcomes.
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OUTCOMES FROM THIS USER - INITIATED AND DRIVEN R&D PROCESS

The team and pastoral families north of Broken Hill have experienced a
process of invitation, semi - structured interviews, workshops to explore
local peoples' enthusiasm for action around their issues. Subsequent
action "research" workshops have developed over the past two years around
the issue of "marketing middle micron wool ". Some of the many examples of
action taken includes visits to wool processors, the Wool R &D Corporation,
overseas wool mills and interactions with local R &D institutions. These
interactions have provided learning opportunities and triggered further
questions in light of new understanding. As more is learned about their
issues, opportunities to share experiences with others have been sought by
local people. Residual benefits around the notion of community capacity
building include:

* Local pastoralists gaining first hand knowledge through a dynamic
researching /learning process which extends their capacity to "find out"
and take responsibility for action and outcomes.

* Pastoralists becoming better at the job of researching their needs and
articulating them in their way.

* Potential remaining within the community to take collective action
again in the future on these issues which concern them.
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THE PASTORAL LAND ETHIC

Professor Brian Roberts

Land Use Study Centre, University of Southern Queensland, Toowoomba

BACKGROUND

The concept of a land ethic has been with us in some form since the 1930s when
Aldo Leopold of Wisconsin wrote first 'The Conservation Ethic' (1933) and
later 'The Land Ethic' (1948) . Leopold was probably drawing on the values and
sentiments of several earlier proponents of the concept who used other terms
to describe land ethics (Roberts, 1991).

In Australia the proponents (eg. Pauli, 1977) of a land ethic, as a necessary
element of societal norms, were met with the scepticism which predictably
greets ideas which are ahead of their time. This concept was put to the
Australian Rangeland Society under the title 'Land Stewardship - gimmick or
essential' (Roberts, 1986). However, it only became generally recognised when
the National Soil Conservation Program promulgated its objectives nationally,
which included 'that the whole community adopt a land ethic'.

SPECIAL SIGNIFICANCE OF A PASTORAL LAND ETHIC

Compared to other rural industries, the pastoral industry based on native
pastures, is characterised by two important conditions:

(i) Production is more dependent on natural cycles, with fewer
opportunities for managerial intervention to increase yield.

(ii) Production is largely undertaken on crown land under leasehold tenure,
especially in the arid zone.

The extent to which Man is not in control of nature makes it more important
in pastoral production, to ensure that management, notably stock number, is
in equilibrium with the environment. 'The land ethic changes the role of Homo
sapiens from conqueror of the land -community to plain member and citizen of
it' (Leopold, 1948). This implies not domination, but partnership, as a basis
for our pastoral philosophy. Such a philosophy in turn, requires a new
definition of successful pastoralists - a definition in which condition of
their land figures much more prominently.

To change the land ethic from a warm inner glow based on motherhood theory,
to a realistic social norm implemented by the peer group of pastoralists, will
require more than patronising statements of intent. It will require an
on -going education program on community values, a much more meaningful
incentive program to encourage stewardship through enlightened priorities and
a reward system which demonstrates that government is fair dinkum about
environmental improvement. It is recommended that the Codes of Practice such
as that proposed by the Northern Territory and by Australia at the Rio '92
Global Forum (Roberts, 1992) be promulgated by the Australian Rangeland
Society as the foundation for an Australian pastoral land ethic.
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PASTORAL LAND CARE - INCENTIVES AND TENURE

B.M. Alchini & B.R. Roberts2

University of Queensland, Gatton College, Lawes, Qld.
2University of Southern Queensland, Toowoomba, Qld.

INTRODUCTION

Land degradation in Australian rangelands has resulted from ignorance,
financial plight and greed. In line with the nation -wide acknowledgment of
land care, sustainable pastoral production is now accepted as an important
goal.

The on -going development of the land care ethic has resulted in the
identification of more meaningful incentives as a priority for land
management. Administration of the leasehold pastoral land of Australia has
always had penalty clauses in the covenants. However, whilst these are
disincentives for misuse of land, there are no appropriate incentives for
good management.

ADMINISTRATIVE INCENTIVES

It is suggested that administration should provide a framework which could
contribute positively to sustainable productivity. The specific areas
which could be covered are:-

Drought Relief

Historically, drought relief policies, whilst assisting immediate financial
viability, may have resulted in excessive grazing pressure. Recent
government inquiries have resulted in a profound change in drought relief
policy. There has been a change from assistance for survival, which was
initiated once a drought had occurred, to one of assistance to prepare for
droughts. This will be generally acceptable provided that the policy
change is not too rapid.

Lease Rental

To date, lease rental has not imposed a significant cost to pastoralists.
However, recent developments have indicated that rental fees are becoming a
substantial fixed cost of property budgets. The move to increase rental
charges brings into question the basis for lease rental. The changes in
government perspective from one of land administration management to
include "obtaining a return on its investment" places indirect pressure for
over -utilisation of the land resource.

Monitoring

Rangeland condition monitoring has largely been sponsored by land
administrators in order to maintain a check on rangeland condition and to
penalise lessees where land degradation has occurred. This approach has
mitigated pastoralists awareness and enthusiasm for the value of monitoring
as a management tool.

It is suggested that the priority for monitoring should be to promote it as
a very valuable tool to assist pastoralists in attaining sustainable
rangeland production. The use of monitoring by land administrators should
be considered as secondary and as distinctly separate.

Lease Security

Lease Tenure

The expiry of a term lease has sometimes resulted in a lessee
"flogging" the area in the latter years. This situation has been
exacerbated by knowledge that the only payment to be received is for
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the value of improvements. The use of perpetual leases has removed the
problem of insecurity of tenure. In most situations, there is adequate
coverage under a range of legislation to deal with the results of land
management which results in land degradation.

Lease Covenants

It has been proposed on various occasions that the government should
have the right to change the covenants in a lease, particularly where
there is evidence of land degradation as a result of management. Such
a proviso would have a negative effect as a result of it weakening the
security of the lease. As for lease tenure, there is sufficient
provision under Soil Conservation and other Acts, to cover serious land
degradation.

Breaches of Conditions

Breaches of conditions now attract a substantial financial penalty. Whilst
this may serve as a deterrent in some situations, it has also created
additional conflict. The penalties have tended to created a "criminal" tag
to those prosecuted. Consideration should be given to highlighting the
focus of the issue - damage to the land resource. It may be more
appropriate for penalties to be devoted solely to land rehabilitation.

Application of Legislation and Policy

Many difficulties and conflicts between administrators and lessees arise
because of broad, all- encompassing legislation and policies which, whilst
appropriately placing limitations on land use in some locations,
unnecessarily restrict productivity in others. It would seem that, too
often, such rules work on the lowest common denominator, resulting in the
majority being penalised because of the risk of a minority doing the wrong
thing.

Considerations would be given to legislation and policy being broad in
principle, but flexible in application, to allow sustainable and productive
enterprises to be developed.

BUREAUCRACY AND INCENTIVES

Bureaucracy often impedes valid enterprise. Land administrators need to
ensure that "red tape" does not reduce viability. This will be a positive
incentive for good management. This, combined with the incentives outlined
in section 2, will provide a valuable contribution to attaining sustainably
productive rangelands.
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DECISION SUPPORT SYSTEMS - HORSES FOR COURSES

J.J. Mott , N.D. MacLeod, G.M. McKeon3, G. Edwards4, P. Huthwaite5

1Department of Agriculture, University of Queensland 4072
2CSIRO Division of Tropical Crops and Pastures, St. Lucia 4067

Queensland Department of Primary Industries, Brisbane 4001
Queensland Department of Lands, Brisbane 4002.

'Queensland University of Technology, Brisbane 4001.

ABSTRACT

Rapid changes in both the biological and socio- economic environment of
Australia's rangelands are creating increased demands for information
structures capable of supporting the array of complex decisions necessary for
successful and sustainable pastoral management. A concurrent R &D- driven
expansion of the knowledge base is attempting to meet that demand,
particularly through the evolution of computer -based Decision Support Systems
(DSS). However, to be successful, such DSS must be both relevant and accepted
by their target markets.

Much DSS development has been based on heuristic principles and relatively
simple rule -based expert systems. While these models are well accepted by
academically -oriented "specialists" analysing complex land management options,
many pastoralists, land administrators, legislative enforcement agencies, and
financial managers are seeking information systems which require detailed
specification of inputs and outputs (causes and effects) of specific
management interventions. Such systems which must ultimately be based on
well- specified and validated biological and economic models, need to be able
to quantify outcomes and risks associated with specific actions in key areas
relevant to effective management decision -making by the individual.

DISCUSSION

Successful pastoralism depends on the capacity of plants, animals and managers
to buffer fluctuations, not only of rainfall but also markets. To do this
effectively managers must link and follow through the consequences of
decisions related to a whole- system analysis of their available resources.
Because many biological and economic problems of management are driven by
episodic events, such as droughts and floods, the complexity of problems faced
as well as the difficulty of the management decisions to be made have focussed
researchers on the potential of Decision Support Systems (eg. Davis and Clark
1989).

The initial development of management information systems largely followed
their historical basis (eg. Shortliffe et al 1975), with heuristic rule -based
expert systems that integrate climatic and biological information with the
economic base of enterprises to give managers information relating to a
limited set of management options. Within Australia, such systems have been
developed for pest control (Bishop et al 1991), livestock enterprises
(Stafford -Smith and Foran, 1988), and prescribed fire management for woody
weed control (Ludwig 1990). They have been reasonably successful in terms of
acceptance by R &D specialists and, to a lesser extent, an informed coterie of
practical land managers. However, while arguably useful, the relatively small
uptake of such systems suggests that they are not serving either the majority
of rangeland managers or the legislative and financial specialists involved
with pastoralism.

It is instructive to turn from the relatively complex rangeland production
system to consider examples of information systems being successfully used by
pragmatic managers in agricultural systems. The decision -making task related
to optimal selection of crop varieties, and level and timing of inputs is
arguably simpler than that for grazing enterprises. Major advances have been
made in developing detailed and reliable models for risk analysis in crop
production and management (eg. Muchow et al 1991). While the initial model
development drew on complex systems -based information, the outcome provides
quantifiable risk analyses for part of the total management problem facing
managers or their financiers. Similarly, use of simple probabilistic packages
such as RAINMAN (Clarkson and Owens 1991) can aid climatic risk evaluation by
giving a quantifiable risk on which to base management planning. In both
instances the managers are responsible for much of the integrative analysis
and retain the knowledge that their accountability is still largely based on
their own knowledge and abilities.
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Advances in modelling the relationship between pasture production and climatic
variables is developing a similar ability for some rangeland enterprises (eg.
Hammer et al 1991). For example, the importance of integrating a simple
probability of major drought events causing degradation will prove a powerful
tool in many areas (eg. McKeon et al 1990, Scanlon et al 1990). Financiers
and legislators, as well as land managers, are demanding a quantifiable risk
analyses of the potential of different enterprises to maintain sustainable
yields or provide a given financial return. Rather than concentrate on
heuristic models, the further development of simple plant -animal production
models could give an accurate estimate of risk over time allowing the managers
to determine the other production inputs necessary for enterprise viability
(Scanlon pers comm). This is conditional on ensuring that the pasture models
have reached the appropriate level of accuracy, which may warrant further
research.

FINAL

Modelling the complexity of rangeland production systems may require detailed
multi -disciplinary efforts to identify critical areas for detailed analysis.
However, in many cases it may be warranted to provide simple packages that
give a quantifiable risk estimate of the impact of a single critical area,
rather than incorporate this information in an large heuristically based DSS.
This may be more acceptable to individual managers. While the race remains
the same, depending on the aims of the rider there may be several ways of
reaching the winning post.
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PINE CREEK AREA RANGECARE GROUP LANDCARE ACHIEVEMENTS

David Lord

President, Pine Creek Area Rangecare Group, Broken Hill

The Pine Creek Area Rangecare Group consists of 33 adjacent properties in the
area south of Broken Hill. The pilot group was initially formed in 1988 to
control land degradation caused by rabbits, a major cause of land degradation
in this area. Other land degradation problems have been identified by the
group including woody weed infestation and pasture degradation.

To maximise the effectiveness of existing Soil Conservation programs, the need
for group co- ordination has been recognised. The main objective of the
Rangecare Group is to manage land degradation problems in the group area by
co- ordinated effort.

LAND MANAGEMENT PROBLEMS SUMMARISED

The three major land degradation problems identified in the Pine Creek Area
were woody weeds, rabbits and pasture decline /scalding. Strategy plans
produced by landholders were used to define the extent and severity of each
problem. This information was then analysed on a range type /landsystem basis
as shown in Table 1.

Woody Weed Infestation

Approximately 97,000 ha or 9.8% of the group is affected to varying degrees
by woody weed infestation. This refers to areas of light to dense infestation
and does not take into account the areas affected by scattered woody weeds.
As shown in Table 1, the sandplain and dunefield range types are most severely
infested with 16% and 30% affected respectively. The main species of woody
weeds encountered are narrow -leaf hop bush (Dodonaea attenuata), turpentine
(Eremophila sturtii) and punty bush (Cassia eremophila)

Table 1 - Rabbit warren ripping cost and density data on a landsystem basis
and woody weed infestation of major land types:

Range Type Landsystem
Warren Cost/ Cost/ % of Range Area
/Ha Warren Ha

$
Type Woody WW (Ha)

$ Weeds

Ranges Barrier 0.47 5.42 2.53 0.39 210

Rolling Downs Nuntherungie 0.20 5.64 0.85 0.62 1,966
and Lowlands Katalpa 0.14 5.95 0.85

Oakvale 0.05 8.32 0.40
Nine Mile 0.19 6.19 1.17

Sandplain Kars 0.33 3.99 1.33 16.73 55,246

Floodplain Caloola 0.12 5.91 0.71
Conservation 0.06 6.27 0.40
Fowlers 0.08 6.59 0.52

Playas & Basins 0.41 68
Alluvial Plains 1.98 2,992
Dunefields 30.46 36,287

NB.1 There are ten additional landsystems in the
available until completion of 1992 rabbit

NB.2 Costs are calculated at $80.00 /hour for the
tractor.

NB.3 The above landsystems are described on the
landsystems sheet (SCS Service NSW).
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Rabbits

Rabbit warren density, cost of ripping per warren and cost of ripping per area
treated varied considerably over the different landsystems. The sandplains and
ranges were found to support the highest warren density due to favourable soil
types (sandy loam or calcareous). The ratio between cost and likely benefit
of rabbit control will be useful for assessing priority areas of control.

Pasture Decline and Scalding

Approximately 2000 hectares was identified by landholders as requiring
immediate treatment for pasture decline and scalding. The most susceptible
range types included alluvial plains and rolling downs and lowlands. While
this does not represent the full extent of the problem, this identification
indicates immediate concerns.

Strategy
Planning

GROUP PLAN FOR THE FUTURE

Information

Group
Property

Implementation
Documentation

Demonstration
Investigation

Figure 1 - Feedback Model For Pine Creek Group

The following land management issues have been discussed at group meetings and
will provide a focus for future action.

FUTURE

- RABBITS - Identify rabbit free areas
- Broad scale control by planning
- Investigation into control along creeks
- Carrying out rabbit poison bait trials and
monitoring their success in relation to
different bait and poison types

- WOODY WEEDS - Management of woody weeds to maintain low
levels

- Declaration of woody weed free areas, which
is an attainable goal (especially within
the northern area)

- GOATS - Group control and eradication of feral goat
populations to reduce the land degradation
effects of uncontrolled grazing

- Identify areas of goat problems including
potential areas of infestation or
reinfestation

- Draw up group control plans
- Liaison with neighbouring areas (groups) to
dramatically reduce goat populations

401



- KANGAROOS - Regeneration of native plant species by
managing kangaroo populations through
restricting kangaroo access to artificial
watering points

- Estimate impact of kangaroos
- Make recommendations for changes to system

- PASTURE RE- INTRODUCTION - Use volunteers to collect seed of species
native to area

- Regenerate degraded pastures and trees
- Identify seed source areas

The group has identified these issues and will continue to pursue solutions
and implement management programs. This process requires significant
investment in time, energy and money and will only be successful with the full
support of the broader community.
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A STORY ABOUT MOVING FROM NEEDS TO ACTION LEARNING

Gerry Roberts

Extension Officer, QDPI Longreach.

ABSTRACT

This material is about how my work has led the evolution of my extension
practice. I began by acting as the source of recommendations for action by
clients and then moved to facilitating activities designed to make a situation
better. From there I have gained the understanding that a fuller and more
fruitful move is empowerment of people to recognise a need and act for
themselves. With further reading and discussion, my extension now embraces
a recognition that action learning is appropriate in our time, as a complement
to other research and extension approaches.

THE STARTING POINT

Six years involved in sheep extension work in north west Queensland lead me
to propose an on- property, observation and action project centred on sheep
breeding. The idea was supported and conducted by a group of us who were
extension officers in Queensland's north and central west in 1986. Although
targeting individual clients, the success of the initial phase of the project
showed "principles" which looked suitable for promoting future adoption in
group or district situations.

Of these, the "principle" which seemed to have made the single most important
contribution to the activity was, in the view I developed then, related to
having the client identify an issue (need) which was relevant to them. This
interpretation of client involvement in need identification looked to be well
supported in my reading of the literature. It seemed to me that if I could
identify which issues (needs) were highest on the list for a district I could
work on those issues and thus successfully approach extension on a district
basis.

Two other factors combined with my thoughts to support my belief in directing
my future action towards needs identification. One was that a "one to one"
mode of extension often uses resources inefficiently and thus it seemed to me
that it would be useful to examine group based alternatives. (My experience
with and readings on groups supported the concept of their effectiveness where
people were seeking change.) The second was that the clients from the
breeding work with whom I was dealing were saying that they were pleased with
the project because it was something which they needed.

From this I developed and proposed a needs identification activity which was
supported and conducted by extension officers in the central west.

To be successful it required a high level of attendance by clients and a
session format which ensured full and free participation. In the Longreach
district of Central Queensland this was done through community mapping and
pre -gathering promotion (to encourage attendance) and on the day the problem
census procedure was used at each session.

Two hundred and forty -eight (248) families were invited to attend at eleven
venues throughout the Longreach district. The invitations went to all those
people who considered Longreach their main business centre. Three hundred and
twenty -five (325) people from two hundred and six (206) of the families were
represented which meant that eighty -three percent (83 %) of the districts'
property managers were represented in the project. These figures provide an
objective assessment of success. People's enthusiasm was further demonstrated
by group leaders' direct observation of the high levels of participation and
involvement during the proceedings.

The result was lists by regions and country type etc, all of which contained
what we could be sure were real needs.
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In terms of action with each group following the needs survey, the procedure
was that we selected the top three or four items from each group and conducted
an activity which drew directly on our store of technological solutions or we
brought in others who were expert in the appropriate field. Attendance,
calculated in the same way as for the needs survey, was from 15% to 80% of the
supposed potential audience. Interest had dwindled and I was left to wonder
why, having had clients identify their needs, there was no better involvement
than before.

My wonderings led me firstly to recognise that here were the clearly positive
aspects of the needs work. For example, we became aware of the issues that
people considered important and recognised that some of the high priorities
were outside the usual work areas of QDPI. These issues were passed on to
other organisations. As well the variety of the issues raised has since
contributed to the recognition that a continuing focus on things solely
technical, would limit our effectiveness with clients. The identified needs
also allowed the directing of our extension activities to appropriate topics
and the material was used in setting research priorities. Overall we were
able to provide some of our services with a wiser use of resources.

The interesting thing about it was that it was all action by us - and us was
the QDPI. We had taken on the major responsibility for the issues from the
graziers and clearly, doing that had not promoted people's continuing
interest.

Next it became evident to me that if it is group consensus which allows the
issues to be prioritised it is possibly true that issues will rate differently
for individuals. This is not to be unexpected, and it means that at later
activities people will attend only for issues which are important for them.

Added to that wondering were other "principles" that I now "remembered" from
the breeding project. Ones which I had not considered as important then.
There were two besides "needs" and they were that we had allowed for personal
and property individuality and that the work was done "with" the management
group on the property. To me the additional dimensions meant that individuals
were important to the method used and that "with" them was the way to operate.

THE CURRENT SITUATION

My current thought is that my focus should be on people, namely those who
manage the property, for it is they who can bring their individuality of both
personal and property requirement to bear on the issue of concern. In that
way there will be a matching of the outcomes to people's individual
requirements. As well, it is useful to bring together groups of people who
wish to understand or see made better, a particular situation because as a
group they will form a powerful mechanism for change. And I also recognise
that the action must be conducted by the people themselves and the role I can
play is to know about methods of operating in groups which can ensure that all
of this happens.

THE FUTURE

So where does that leave future extension activities for me? My own material
plus reading and talking to others, has led to a swing to action
learning /action research as being the foundation for extension. It is an
approach which I believe is appropriate in our time. It addresses the issue
of the gains that can be made by working with groups of people who are
interested in the same topic, in a way which allows the people who see the
topic as important, to work productively to make their own situation better.
For me it also means dealing explicitly in the groups, with the way people
learn. This means that their experiences don't become a series of
unconnected, although successful and satisfying activities made possible by
useful facilitation, but rather that the learning in any one context can be
used by the people themselves, in operations in any other area.

I am now working in that direction with support from the Australian Wool
Corporation and QDPI.
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LANDHOLDER COLLECTION AND USE OF LAND CONDITION
INFORMATION IN SOUTH WEST QUEENSLAND

Chris Evenson and The Warrego Landcare Group

Arid Zone Institute, Charleville Pastoral Laboratory, Queensland Department
of Primary Industries, PO Box 282, Charleville QLD 4470

ABSTRACT

Landholders assess the condition of their country by eye during day to day
management. This relies on memory to compare year to year changes and has no
firm base on which to refer.

The Mulga Assessment Programme (MAP) provides landholders with a standardised
technique for collecting storing and accessing useful information about land
condition. Permanent recording sites are set up in each paddock by the
landholder. Information collected is used to detect change in land condition
due to management practices and seasonal conditions. This information is
valuable when making decisions on future stocking strategies, expected
production and the condition of country.

INTRODUCTION

Land condition assessment methods of one type or another have been used in the
rangelands of Australia for many years, however few can be conducted and
interpreted by landholders. MAP has adapted some of the techniques used by
rangeland scientists and put them into a package that is straightforward and
useful to landholders.

The Programme is the result of efforts by the Warrego Landcare Group to
provide the landholders of South Western Queensland with practical property
management tools. It aims to encourage landholders to manage their land and
pastures more effectively and thereby reduce the spread of land degradation
in the mulga lands.

TECHNIQUE

The technique is based on permanent sites established on the major land types
within the paddocks or areas to be monitored. Observations are made at each
site annually at the end of the summer growing period (between April and May.)
Photographs (NSW Soil Conservation Services Oct 1987 )are taken at fixed
points to provide a permanent visual record for comparison. Three hundred Step
Points (Cunningham 1975) provide a quantitative record of ground and canopy
cover. Categories recorded are Bare Ground, Litter, Perennial Grass, Herbage,
Mulga, Other Trees, and Woody weeds. The Site Description documents Site
Identification, Rainfall since last recording, Pasture Yield, Stock Numbers
including an estimate of Kangaroos, Stock Condition, Paddock Development, Fire
History, and General Comments.

When all recordings are complete the site description and step point
information is dispatched to the project officer for storage and analysis, the
photographs are kept by the landholder. (Note:Information on individual sites
and properties is confidential.) Once enough sites are established the
information is used on a no names basis to create district land condition
averages for different land types. Participants receive an annual land
condition summary which includes data on their individual sites and district
averages. Assistance is provided to interpret the information collected and
how best to use it.

MAP is a voluntary program managed by the Warrego Landcare group, participants
receive a User Guide, Clip Board, Photo Album and Tuition on use of MAP. They
provide time, steel posts, a camera and film.
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DISCUSSION

Interpretation and use of the information collected at individual sites will
govern the effectiveness of MAP. The three different types of recordings allow
for cross checking of the interpretations made.

Information collected by photograph is readily understood although careful
examination is required to detect more subtle changes.

The step point information, presented as percent ground cover and canopy
cover, is used to verify changes detected by photograph and visa versa. This
information is used to calculate district land condition averages for
different country types.

The Site Description holds the key to understanding what has been happening
at each site. Many recordings, such as kangaroo numbers, are described in the
landholders own words. The number of kangaroos using a paddock could be
described as few, many or heaps, or it may be an actual number based on
harvest tallys. These observations are essential and act to trigger memories
that help the landholder build an understanding of changes in land condition
and how to influence those changes.

Providing assistance with interpretation of site information is essential to
the success of MAP. This will come in the form of direct contact with the MAP
officer and via news letters and discussion groups.

Land condition monitoring is not the answer to the degradation problems of the
mulga lands. It is a tool designed to complement whole property management,
by providing landholders with a better understanding of their land and
pasture.
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WESTERN UPLANDS LANDSAFE MANAGEMENT PROJECT

Ron Hackers and Terry Brille

1NSW Agriculture, Dubbo, 2830
2NSW Agriculture, Bourke, 2840

This project aims to develop and /or document sustainable management systems
for the semi -arid woodlands of western New South Wales. The approach
involves detailed monitoring and analysis of a range of current management
systems, and close liaison with cooperating pastoralists, so that
sustainable production systems, or their components, can be identified and
evaluated.

Sixteen land holders are involved in the project, in four groups covering a
range of environments within the semi -arid woodlands. Groups are located at
Emdale, Cobar, Wanaaring and Weilmoringle and are serviced by an inter-
disciplinary team comprising staff of NSW Agriculture and the Department of
Conservation and Land Management (CaLM) located at Bourke, Cobar, Broken
Hill, Nyngan, Dubbo and Condobolin.

Activities on each of the 16 properties include:

* Development of a property plan in conjunction with the
cooperator

* Detailed recording and analysis of financial and production
data using the FARMcheque package

* Monitoring of (annual) wool production, animal live weight and
condition

* Monitoring of pasture availability, composition and utilisation
by means of photopoints, larger sites established under CaLM's
Range Assessment Program, and exclosures

* Monitoring of paddock stocking histories using the Paddock
Action Manager package.

In addition, aerial surveys of feral and native herbivores have been
conducted on two properties to date to determine the magnitude and
composition of total grazing pressure.

The project aims to provide cooperators with regular reports of financial
performance, animal production, stocking histories and pasture trends.
These are intended to provide an objective basis for management decision
making, to identify emergent problems, and to facilitate discussion of
alternative management strategies as required.

Agency staff also provide input in such areas as woody weed control,
planning and management of individual paddocks, sheep classing, animal
health and nutrition, and feral animal control.

Close interaction between individual pastoralists and agency staff, and
between co- operators, is a feature of the project and is facilitated by
property visits, group meetings and field days. This close interaction
ensures that advisory activity is closely related to individual's needs,
and provides the appropriate environment for co- learning by both co-
operators and agency personnel.

Data collection commenced in 1990 -91 and will probably continue in its
current form until the end of 1993 -94. Subsequent data analysis will focus
particularly on relationships between property and management variables and
economic performance. These analyses, and the management insights gained
during the course of the project, will form the basis for development of
advisory material for use with the wider pastoral community. Continued
monitoring of some aspects, particularly financial performance, is likely
to continue after termination of the present project.
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THE LANDCARE PRICKLY ACACIA PROJECT

N.A. March & P.A. James2

1Land Protection Branch, Department of Lands, P.O. Box 7,
Cloncurry Q. 4824.

2Lands Protection Branch, Department of Lands, P.O. Box 5318,
Townsville Mail Centre Q. 4810

ABSTRACT

Four landcare groups and the Queensland Department of Lands have commenced
a program to map and formulate strategies for the control of Prickly Acacia
and other woody weeds in north -west Queensland. Due to the cooperative
nature of the program and the use of the latest technology the containment
of these plants is in sight.

INTRODUCTION

Prickly Acacia (Acacia nilotica) and other exotic woody weeds are some of
the major problems facing landholders in the Mitchell grass downs country
of north -west Queensland. In a joint program involving four landcare
groups and the Queensland Department of Lands, a major initiative is being
made to develop woody weed management plans across the whole region. As
the problem transcends property and Shire boundaries this initiative is
being complemented by a mapping project using Geographic Information System
(GIS) technology.

EXTENT OF THE PROBLEM

Prickly Acacia on the Mitchell grass downs of north -west Queensland is not
a new problem. The plant was first introduced into Australia from Pakistan
in the late 1890's. In 1957, 35 years ago, it was declared a Noxious Weed.

In the short term the plant provides some benefits from its shade and feed
value. However, Prickly Acacia is a very invasive tree which proliferates
given a run of above average seasons. Cattle, and to a lesser extent
sheep, as well as flood waters spread the seed. A 20% canopy cover
translates to a 50% reduction in grasses and herbage on the ground.
Thickets of the trees also interfere with mustering, movement of stock and
access to water.

Currently one quarter, or 7 million hectares, of these grasslands is now
invaded with this exotic plant. In short, Prickly Acacia has been termed a
"desirable tree out of control ". Other woody weeds of concern that will be
incorporated into the project include Mesquite, Rubbervine, Mimosa, and
Parkinsonia.

THE LANDCARE INITIATIVE

There is currently a groundswell of activity by landholders to control
woody weeds. Increased awareness, education, peer pressure as well as
property market forces are the possible catalysts involved.

Local community groups have also decided it is time for action. With the
volume of research material available on the control of these plants they
identified the need for a specialist to spread the gospel. They have since
succeeded in gaining National Soil Conservation Program (NSCP) funding for
an Extension Officer. The signatories to the project are the four landcare
committees of Flinders, Richmond, McKinlay and Cloncurry together with the
Land Protection Branch of the Department of Lands. The project encompasses
an area of 159,254 sq. km and will involve up to 400 landholders.

Apart from an education and awareness role, the Extension Officer will be
providing assistance in the development of property management plans that
integrate woody weed control and animal production. In particular, the
plans will address control priorities, methods and costings.
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The major extension tool for this process will be the use of maps since
information on the extent and location of major land degradation problems
is essential for effective planning.

USE OF THE GIS TO MAP THE DISTRIBUTION OF PRICKLY ACACIA

It was imperative that the mapping technique was definitive for both the
large dense infestations - the containment areas, as well as the isolated
and scattered plants - the controllable areas.

To this end, a helicopter using a Global Positioning System (GPS) linked to
the State's Digital Cadastral Data Base (DCDB) is being used to map Prickly
Acacia and other woody weeds in the project area. This information is
being downloaded onto a GIS for output to landholders.

This has enabled us to formulate plans with the following attributes:

*

*

it is a living document that can be altered as infestations are
controlled or additional information is acquired.

maps are accurate, reliable and show property attributes such as
roads, tracks, fences, yards, as well as tree density, height and
habitat.

* they may be extrapolated onto a landcare group,
even whole state basis.

* they can be used not only as a base for woody
also for "whole farm" or property plans.

CONCLUSION

Shire, catchment or

weed strategies but

By effectively mapping the problem and producing a practical product with
their involvement we hope to entice all landholders with Prickly Acacia to
be actively involved in a control program. Leading on from this, the
landcare groups and government departments will be better able to develop
strategies for the various levels of action required. It is in the
innovative mix of human resources and scientific endeavours that the
solution to this old problem lies.
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LANDCARE INFORMATION TECHNOLOGY TASKFORCE

Bood Hickson

"Melinda ", Cloncurry, Qld 4824

The Landcare Information Technology Taskforce (LITT) was formed in 1991. This
taskforce evolved through the recognition by hundreds of people that
sustainable land management requires interactive dialogue and decision making
between landholders, government and advisory bodies. In the past this has not
always been possible because of the severe limitations imposed by our vast
geography. With modern communications technology this can, and should, be
rectified.

LITT will coordinate the development of a functional communications network,
linking its participants via LandcareNet to distributed information and
knowledge bases. By providing the Landcare movement with access to a balance
of perspectives - managerial, technical, administrative and research, greater
cooperation and understanding will inevitably result.

Such an ambitious initiative must be grounded in action not words. To date
we have pursued these goals through the genuine commitment of individuals. In
this manner we hope to draw people and existing projects together, rather than
fracture the limited time and resources available to this critical assignment.

Thanks to the support of many, including Landcare Australia, Telecom and the
National Soil Conservation Program, on March 30th the Prime Minister
officially launched LandcareNet. LandcareNet (LCN) will provide community
based Landcare groups with electronic mail and a common forum. They will be
able to raise and discuss issues with each other and a panel of agricultural
professionals. The expert panel will be able to initiate topics or
announcements on separate conferences. LandcareNet will also provide access
to Telecom's AgriNet, additional Pegasus conferences, and has gateways to
other networks (ie. AARNet).

Three other LITT projects are being developed, their purpose to make
LandcareNet easier and more rewarding to use.

One initiative is to develop Landcare Information Resource Centres. If the
Decade of Landcare is going to provide tangible results for future
generations, we will need to record our successes and failures in a location
and manner that is readily accessible. It is crucial that landholders be the
custodians of this information and knowledge to ensure that it will continue
to be utilised and refined. Landcare Information Resource Centres (LIRC) will
develop as nodes on the network, providing historical data and knowledge to
Landcare efforts.

The second initiative will seek to develop Rural Human Computer Interfaces,
which are needed to improve the user friendliness of existing computer
systems. It is essential to the long term viability of the taskforce, that
LandcareNet and the Landcare Information Resource Centres be easy to use, and
the information sought through them be simply found and interrogated. This
project will be convened by Dr Art Shulman (07- 3656748).

Local Consensus Knowledge Systems is the third LITT initiative. The most
crucial component of Landcare is the bush wisdom resident in the heads of
producers throughout Australia. If we are to develop a truly functional land
management network, we need to recognise this knowledge and make it accessible
to other producers, administrators and researchers. LITT plans to use computer
knowledge based systems to link Local Consensus Data to LandcareNet via the
Landcare Information Resource Centres. This will enable producers to get a
return on their expertise, while greatly helping research and administrators
to understand the management principles for different locations.
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The four projects (LCN, LIRC, RHCI & LCKS) form interrelated components of an
innovative rural communications system. The Landcare Information Technology
Taskforce will coordinate these efforts.

The success of this taskforce and the charter it has undertaken will depend
primarily on the participation of its members.

Should you wish to add your support please contact:-

Bood Hickson
LITT
'Melinda'
Cloncurry 4824
Phone 077 -425983
Fax 077 -425941
Email Bood (Pegasus / LandcareNet)
Bood @peg.pegasus.oz.au (AARNet / ACSNet)

If you know of others who may wish to be involved
names and addresses.

We would also encourage your active participation
information on LandcareNet can be requested from:-

Dan Hamilton
Pegasus Networks
PO Box 424
Byron Bay 2481
Phone 066 -856789
Fax 066 -856962
Email Lcnet (Pegasus / LandcareNet)
Lcnet @peg.pegasus.oz.au (AARNet / ACSNet)
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THE AUSTRALIAN CAMEL, Camelus dromedarius:
RESOURCE POTENTIAL FOR THE RANGELANDS

Ivan McManus

P.O. Box 233, Cobar, N.S.W. 2835.

ABSTRACT

The camel can diversify Australia's monospecific rangeland agricultural base
to overcome the fluctuations in climate and national /international markets.
In recent times an awareness has evolved nationally and internationally
concerning the Australian camel. The author feels it is time to evaluate and
manage the camel once again as being a valuable resource and not neglected due
to ignorance and bias reputation.

INTRODUCTION

Of all the feral mammals inhabiting Australia the camel, Camelus dromedarius,
is the most versatile multipurpose animal resource and the best adapted exotic
to our rangeland environment. Its ability to survive and flourish in arid
habitats and the possession of soft foot pads are the camel's main attributes.
The Australian camel is the only wild stock of Camelus dromedarius left in the
world. Elsewhere it has been totally domesticated. This gives the Australian
populations special genetic management significance.

Today there are no rules governing the extermination, exportation or handling
of wild camels. I believe that the camel offers an opportunity for Australia
to supplement the established national stock with an animal potentially far
more valuable and more ecologically sustainable in the already strained
environment; considering it is gentle on the rangeland's most precious
resources, soil and water.

SOME BACKGROUND

Camels were introduced into Australia from 1840 till 1907. Today's
populations originated from the 10,000- 20,000 imported within these years
(McKnight 1976). Since the advent of the motor vehicle in the 1920's the
camel was phased out and entered the wild where its genes have manifested a
valuable "survival of the fittest" beast.

Recent aerial surveys suggested a Northern Territory population in excess of
30,000 (Graham et. al. 1986), while Short et. al. (1988) suggest a national
population exceeding 40,000.

Camels are widely distributed over central Australia with major distribution
areas being the Great Sandy, Gibson and Simpson Deserts. Isolated populations
occur in all states except Victoria and Tasmania.

The camel is a social animal, docile by nature, and has a tolerant hierarchy.
They can live to over 40 years of age and the cow can be reproductive for up
to 30 years. She can raise 9 -10 calves per lifespan (Doerges et. al. 1990).
Cows come into oestrus several times a year (Newman 1983) . The bull may enter
a rut (season) period from Autumn to late Spring. The Australian camel is not
known to carry zoonoses and is relatively disease free or disease resistant.
Foot and Mouth disease, Tuberculosis or Fly Strike have not been detected.

The camel has an extremely varied diet. Due to its height and its ability to
browse and graze the majority of arid land vegetation is eaten. This places
the camel in a feeding niche that has limited impact on domesticated
livestock.

When the camel does graze it employs a specialised prehensile lip which
ensures that the grass or forb is left root bound and viable. When browsing,
the lip is also able to wrap around large branches and snap them.

Trampling has minimal impact and they tend not to feed in the vicinity of
water. (Doerges et. al. 1990) recorded 233 plant species to be eaten by the
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camel. Many more species are known to be eaten. The camel's foraging habits
are characterised by their non -selectiveness and extensive home -range.

AS A RESOURCE

Table 1: The camel as a past, present and future resource:

Past
I

Additional Present l
Additional Future

Exhibitions Tourism Gene Resource
Exploration, Racing Fibre (Wool and Hair) Milk and Dairy
Cartage and Transport Meat Products
Agriculture, Stock Live Export Leather Products
Work, Whip Work Science Research Big -game Harvesting

Science Expeditions Wilderness Symbol Weed Control
Police Work Functions, Fund Military
Mail Service, Road Raising Aboriginal Management
Making Camel Polo
Hawkers, Shooters Gypsy Wagons
Doggers, Rabbiters Advertising
Surveyors, Fencers Movies
Breeding Projects

DISCUSSION

Today the camel is used mainly for tourism and adventurers. Cameleers operate
in all mainland states and territories and are available for anything from
daytrips to extended expeditions.

A lucrative racing circuit has now developed. Track events and long distance
races are staged. In 1988, the "Great Australian Camel Race" was contested.
It was the longest animal endurance race in the world, 3,336 kms. Training
tracks have been developed and international expertise has been sought.

Wool has been known to exceed $350 /kg. Camels are raised, bred and selected
for fibre sales in Australia and overseas. The wool is shed every summer and
is brushed or plucked off. Meat may be a substitute for other livestock, and
chemical analysis shows that it is comparable with choice beef in protein and
fat content (Newman 1975). Milk and other dairy products may also be
utilised. There is potential for inland dairy operations.

Scientific research is gaining momentum. Recent work has been done on
reproductive and exercise physiology as well as behaviour, ecological and
migration studies. Camels are still being used as transport to carry out
research into inaccessible wilderness areas.

The camel was employed by Australian soldiers in the Middle East during World
War I; these men were part of the Imperial and Australian Camel Corps. Teams
from the SAS and the Army competed in the "Great Australian Camel Race ", while
police still use camels at Meningie, South Australia. Scope is there to
create an inland camel force similar to today's Jordanian Camel Corps.

Due to the distribution of camels, Aboriginal communities in the rangelands
have real potential to manage and benefit from camels. At Fregon in northern
South Australia, the local people have established a mob of semi -domesticated
camels (Wilson et. al. 1992), which are providing the community with labour,
support and education about their environment.

Weed control methods may be employed. The camel will eat many woody weeds and
have a strong liking for Prickly Acacia (Acacia nilotica), Emubush (Eremophila
longifolia) and Mulga (Acacia aneura). They are known to eat five Cassia spp.
and six Eremophila spp.. In East Africa many cattle stations are using camels
to reduce bush encroachment and to increase grass production (Doerges et. aI.
1990).

Live exports have been occurring for many years and export businesses have
been established. Camels are currently in demand by the racing industry (eg.
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Middle East), zoos and tourist ventures. The camel is also exported for its
fibre and as a gene pool resource for incorporation into already domesticated
stock. In the last three years camels have been exported to Oman, Dubai, Abu
Dhabi, Taipei, U.S.A., Singapore, Saudi Arabia, Kuwait and Malaysia.

Camel stock feed cubes that are produced in Australia have been exported to
Dubai and Abu Dhabi. Animals are being bred specifically for super -fine wool
and for racing which will greatly enhance our camel export demand and revenue.
Australia is well served by very competent and knowledgeable cameleers and
experienced vets.
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DEVELOPING MORE SUSTAINABLE USES OF THE SEMI -ARID AREAS
OF THE SOUTH ISLAND HIGH COUNTRY OF NEW ZEALAND

W D Ross, R T Pauling and C M Colhounl

1Landcare Research New Zealand Limited, Manaaki Whenua, PO Box 276,
Alexandra, New Zealand

2Canterbury Regional Council, PO Box 550, Timaru, New Zealand

INTRODUCTION

The drier inter montane basins of the South Island high country in New Zealand
have been utilised for pastoral farming since the 1840's. Burning,
overgrazing, rabbit plagues, unrealistic expectations fostered by Government
production driven subsidies and weed problems have led to widespread depletion
and land degradation.

Since the early 1980s the level of government subsidy for rabbit control has
diminished and was to be phased out by the early 1990s. This prompted
landholders to request the introduction of the myxoma virus and the European
rabbit flea. In 1987 the Parliamentary Commissioner for the Environment
concluded an integrated land management package should be implemented to
achieve a long -term solution and approval should not be given for the
introduction of myxoma virus and rabbit flea into New Zealand at this time
(Parliamentary Commissioner for the Environment, 1987).

In 1988 the Minister of Agriculture appointed the Rabbit and Land Management
Task Force. Its recommendations were considered the best alternatives
available in a situation where options are limited. The Task Force emphasised
land degradation is proceeding towards desert in the semi -arid regions and
rabbits are a major cause of the problem. It recommended a programme be
delivered via integrated property plans, alternative land uses be facilitated
on the most affected farms, a monitoring programme be implemented to measure
progress, and the programme be underpinned by an integrated science effort
(R &LMP Task Force, 1988).

Rabbit and Land Management Programme

Central Government adopted many of the recommendations and the $25m Rabbit and
Land Management Programme commenced in November 1989. It involves 110
properties encompassing three Regional Councils. Central Government was
prepared to invest $16 m with the regions (via regional general rates and
landholder input) at least $9m, over the five years of the programme. The
goal of the R &LMP is "to achieve ecological, economic and community
sustainability in the drier tussock grassland areas" (R &LMP Newsletter,
December 1991).

In the first year, the R &LMP focused primarily on the killing of rabbits,
generally via large -scale aerial drop carrot and oat bait control operations
using '1080'. Landholders were encouraged to erect fences to limit spread and
follow up the large scale activities with manpower control methods. Pest
Destruction Boards had been responsible for the service delivery of pest
destruction, but the 1989 re- organisation of local government saw the
amalgamation of these boards into the larger Regional Councils. The R &LMP has
fostered individual landholder involvement,enabling rabbit control to be
implemented both cost effectively and efficiently.

The second year saw a major effort put into the individual property plans that
were developed in partnership between landholders and Regional Council land
resource and pest control personnel. Plans identified aims and objectives for
individual properties, presenting landholders with the opportunity to lessen
the rabbit proneness of their holdings by making structural changes coupled
with management modifications with the aim of resource protection. The
enthusiasm of the individuals varied markedly from total support to some that
were less than constructive. The R &LMP was seen by some as an obstruction to
getting access to myxomatosis. The process has highlighted the social and
economic problems facing the high country pastoralists. It presents a major
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challenge to the land users and resource agencies in dealing with the long
term sustainable use of these drier areas. The future will require major
shifts in agency and farmer attitudes, which in itself is a source of
conflict.

Monitoring

The monitoring programme has been designed to provide information for
landholders, resource managers and for developing policies. Two modules of
this are the monitoring of rabbit populations and measuring changes in the
land resource. These have the overall aim of providing detailed technical
information, a critical component in driving the necessary changes by
providing results.

Rabbit populations are measured in the spring and autumn. Transects generally
between 20 and 30 kilometres are counted from a motorcycle on two consecutive
nights, weather permitting. Seventy -three routes comprising 1742 kilometres
have been established. Tabulated results and a graph showing trends are
returned to the landholder to enable them to gauge the success of control
efforts. The dramatic reduction in rabbit populations since the R &LMP
commenced, presented promptly and regularly to landholders, has been a
significant factor in generating continued interest.

Resource users in the future will be required to show that their activities
are sustainable. The New Zealand Resource Management Act (1990), has focused
attention on the need to measure the state of the resource. The R &LMP, being
a resource protection Programme, requires the measurement of progress to
justify the investment of the taxpayer. The R &LMP vegetation monitoring
survey has completed two years, with results interpreted and reported. The
regional perspective is presented in a widely distributed newsletter and site
reports are sent to the land users. Interest and involvement by the pastoral
community is growing. Regular contact with resource managers ensures the
information is correctly interpreted and where necessary encourages the needed
changes to management. Ideally the condition of the land will become as much
a talking point at the 'local' as does the performance of stock now.

These two modules are part of a programme that also incorporates technical,
social and financial monitoring. In association with the research group
funded by the taxpayer, regular contact with agency land management staff,
landholders are being provided with the necessary information to develop more
sustainable enterprises. However the fragile nature of the ecosystem means
there will probably be major shifts away from pastoral use in several areas.
The social impacts are immense in the eyes of the current users, and only by
providing comprehensive information will the changes occur.

Landcare groups will play an important role in the ongoing education and the
empowering of rural communities, and will help broaden the debate.
Appropriate information transfer mechanisms will ensure there is a continued
shift in emphasis from the 'technical fixes' of the recent decades to more
integrated approaches to sustainable land uses.
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