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ABSTRACT

This paper reviews the application of computer models to management in the
rangelands. Several models are now available and these have application at
the station level for decisions that are primarily financial in their
content. The models need improvement in their biological content before they
can be confidently applied to decisions on matters such as stocking
strategies, where interactions with pastures are of primary consideration.

INTRODUCT ION

The production systems in the rangelands have remained static almost from the
beginning and seem destined to remain that way. Improvements and changes will
occur, particularly around the higher, rainfall margins, but they will affect
only a small part of the rangelands. For the greater part, restrictions of
low rainfall mean that there is little opportunity for introducing new
products, or of changing the land use. Production will remain as meat and
wool from cattle and sheep, grazing on native pastures. Furthermore the stock
numbers on this land will not increase. In some regions they may even
decrease if land degradation occurs or there is fear that it may.

The world around however, is changing. The terms of trade for agricultural
produce continue to decline when viewed over the long -term. This means simply
that costs are rising faster than prices. Therefore continuing effort is
needed to raise economic productivity. Gains may be made by saving labour
(through more efficient sheep handling or station maintenance) by improving
per head productivity, (wool cut, turnoff or product quality), or by
improving management in areas such as droughts or finances.

One new area where gains will be made in the nineties will be in the use of
integrated management information systems to help the pastoralist make better
decisions. The gradual development and refinement of these computer based
systems or models, will mean that better decisions will be made and greater
returns will accrue from the same basic enterprise. There are many desirable
management practices, but there is a problem in putting them all together.
Which practices are the most critical for production and how do you
extrapolate the consequences of the various alternative strategies into
future years? These include the long -term structural decisions, such as best
awe -wether ratios or optimum stocking rates and short -term decisions on
matters such as supplements and drought selling. The issue for this address
is the extent to which these models can assist with decision making, both now
and further into the future. High tech applied to old systems! An associated
question is the research needed to make these models much better in the
future that they are now.

In this paper I wish to present two points of view. First for the producer,
that these models are of value, and that it is an appropriate time to start
using them. Second for the research worker, that these models still have a
long way to go before they can achieve their ultimate value. I hope that this
will be a stimulus for an interchange of views from the floor.
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MODEL APPLICATIONS

First we may ask, what are models? There are a whole variety of types, from
the deeply mathematical to the simple retrievers of information like the
pages of a book. Today I am talking about the moderately mathematical ones
that seek to quantitatively mimic the fairly intricate processes of an
agricultural system involving land, grass and livestock, or at least the
financial inputs and outputs of a station. A stylized example is contained in
the diagram that follows (Figure 1).
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Figure 1. Some components of a rangeland model

Each of the steps involves a number of mathematical functions that have been
derived from many years of research. An example is the relationship between
wool growth and the amount of green herbage available on the ground, as shown
in Figure -2, for a semi -arid woodland in eastern Australia. These are the
basic building blocks of any.model - a series of such relationships, built up
in sequence. .

Another essential feature is that they contain the main feed -back loops that
we know exist on stations, such as the more stock you have the more forage
will be consumed. A model will be of little use without these, since we are
often looking for an optimum solution to a management problem such as the
input that will achieve the greatest dollar output. Some models, however,
which have a more limited scope, such as looking at the consequences of two
defined strategies (e.g. sell or agist) and their comparative financial
outcomes, may not need the feedback loops.

The reason for developing models for rangelands applications must always be
kept to the forefront. It is not possible or desirable to include all the
biological information and interactions into the one big model. Even with
computers, they become too unwieldy and eventually inaccurate. Hence there
will not be just one model, but many, each with a different purpose. The
objectives determine the content. Some purposes in the rangelands are:

To determine the financial outcome of several alternative management
strategies.

To determine the longer term consequences of a current decision, such as
selling in a drought or burning a paddock.

To explore the effects of rainfall variation (including drought) on the
enterprise, such as on the most profitable stocking strategy.
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To extrapolate research information to
up to the property level.

To achieve these objectives they require
The main interactions that affect pro
The effects of rainfall variation.
The longer -term consequences of a deci
The economic outcome.
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Figure 2. Relationship between wool weight and forage yield for a semi -arid
woodland.

EXAMPLES

It is informative to look at what current models are around now and what they
are being used for. The following list is not complete, but tells us the type
of product that we can expect.

Beefman
This is a herd structure and income model for cattle in Queensland (1). The
authors have used the model to conclude that the greatest gain in management
comes from increasing the liveweight of cattle at sale. Reducing sale age
gives a similar response, but increases drought susceptibility because of a
change in herd composition towards more lactating and younger cattle.
Improvements in reproduction rate is of lesser importance unless a premium is
paid for young animals.

Sheepo

This is a wool production model developed for improved annual pastures (2).
:It is based on the known energy digestion and production relationships in
sheep. It has been used to determine optimal stocking rates and to explore
the relative advantages of improving forage growth at different times of the
year. An increase in dry season growth or greenness is worth more than an
increase in wet season growth. The model is not currently suitable for the
rangelands because it is set for annual sward pastures, not tussock and mixed
pastures as in the semi -arid, but it could be so adapted in future.

Merino

Aspreadsheet flock structure and income model of a sheep enterprise (3). A
conclusion from this model is that improving the lambing rate of sheep is not
as advantageous as suggested by conventional wisdom. An increase of 10% in
weaning may increase gross margins by only 5 %, because most of the income
from sheep comes from wool, not sheep sales.
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pastor and Wired
Cash flow models of properties in Western Australia which examine the on
property financial consequences of changing management, such as flock
structures.

gangepak (Herdeconl
A model that mimics the production and economic returns from selected cattle
and sheep properties by including their existing production levels. It
presents the financial consequences of various management options (4). It has
been used to compare the outcome of various development strategies for
properties in the Katherine region, with the conclusion that adopting new
supplementation strategies is likely to be more profitable than pasture
improvement (5).

Some of these conclusions are perhaps predictable - for instance that an
increase in dry season growth is worth more than an increase in wet season
growth. Others are not. The poor gains in economic returns from improvements
in reproduction rate (at least for regions where it is sufficient for normal
flock replacement) is surprising. To what extent does it apply in the
Rangelands? The conclusion on which technology to adopt first, for cattle
stations at Katherine, will be of considerable value for planning station
development. Perhaps more important is that such advice can now be tailor -
made to the individual property, hence allowing for the inevitable property
differences in land, animal and management characteristics.

EVALUATION OF CURRENT MODELS

In terms of the purposes of models outlined above, these models are generally
strong on their coverage of economic outcomes. The more general and useful
conclusions come from comparison of alternative strategies, where one is
seeking the better strategy rather than a specific prediction of the profit
from that strategy. In this case it is not so important that the underlying
biological relationships are exactly correct. For instance, the comparative
outcomes of alternative flock structures or development strategies are
immediately useful to the pastoralist.

However, I believe that they are less than adequate when it come to decisions
that - involve interactions of land and forage, since few of the models contain
any biology. In particular they do not contain the feedback loops of the
effects of the stock on the herbage growth or supply. It is therefore
difficult for me to believe that they can be used with any confidence to
probe issues such as the best stocking strategy or the best drought
management procedure, where the longer term models can only guess the
possible effects of a lower stocking rate on herd productivity during and
post drought. They may record the historical outcome on particular
properties, but this is inadequate for predicting the outcome for a different
long -term stocking rate on that property, or the outcome on another property.

Another difficulty is that of regional differences. One could say that a
sheep is a sheep no matter where it grazes. wool should be grown at the same
rate in response to the same level of nutrition, whether it be in Cunnamulla
or Carnarvon. But when it comes to feed, all is not the same. Saltbush is not
the same as grass and Mitchell grass is not the same as mulga Mitchell,
because there is a matter of quality as well as quantity. In general quality
is the greater restriction on production in the north and quantity is the
greater restriction on production in the south, but both are involved on
every pasture to a greater or lesser extent. Furthermore the consequences of
grazing hard may be quite different from one pasture to another. Hence we
should not really expect the one - relationship, say between the amount of
forage and animal performance, to be applicable nationwide. Models that do
not account for these basic differences between vegetation types have the
potential to be misleading in regions other than where they were developed.
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It is important for any user to note the limitations of the model they are
using. I may take the comparison of development strategies at Katherine as an
example. Whilst the conclusions drawn from the modelling exercise are
satisfactory, the authors (Foran et al. 1990) note that no account is taken
of the effect of supplementation on the utilization of the herbage. This is
potentially a serious deficiency, since it has been the experience elsewhere
that supplements bring greater pressure on the pasture resource, with the
possibility that the model conclusion will not hold up in the long -term.

Another important interaction that must be included in rangeland models is
the change in fibre diameter that occurs as wool cut declines. If this
relationship is included then overstocking does not show up as deleterious to
current production in the same way as it might with cattle. Heavy stocking
with sheep will therefore have different consequences to heavy stocking with
cattle, where quality accrues to well grown beasts at a younger age.

CONCLUS IONS

For the research worker
My conclusion for the research workers in the audience is that the models
need to include more biological relationships, particularly those involving
interaction between the stock and the herbage. At present we are including
biology mainly by estimating the form of relationships, with the danger that
we are simply reinforcing our own biases. It may be appropriate to do this at
first, since there is value in producing at least a general conclusion from
our limited existing knowledge. But we must be mindful that those estimates
Or are they guesses ?) require following up with real data in the future.
Otherwise there is potential for a false relationship, once incorporated into
a model, becoming known as fact.

As I have mentioned, the greatest need is for relationship between livestock
performance and pasture variables. In this regard I might also mention that
pastures are complex structures, and this requires complex measures of them.
For instance I have found from my work in the semi -arid woodlands that the
best relationships by far arise not from the measures of total herbage
biomass, but from measures of the green leaf of the more palatable herbage
species. More work is required to obtain data in this form, but the long -term
rewards will justify that work. Grazing trials are expensive, so we must make
the most of them. That means measuring the pastures in detail, separating
them into species and components, as well as measuring the stock performance,
so that we can obtain good relationships for model construction.

A further need is for information on the level of utilization and its effect
on pasture deterioration. At present we have little of this data, so the
output of our models must stop well short of supplying reliable advice on
stocking strategies.

For the pastoralist
I expect that the pastoralist in general will be suspicious of all this
activity on computers. To you it has the flavour of engaging many bums at
desks, as a means of avoiding doing anything useful. That is perhaps a
healthy attitude to new technology, but I would like to convince you that it
is now time to try these models for their application to your property. They
are now useful, if not yet proficient, for helping you make financial
decisions, particularly where there may be longer term outcomes from a
current decision. Models are valuable as aids to forward planning, something
that managers often fail to do. They also show the value of keeping good
records of production and finances, which are rather sparse in the rangelands
(Stafford Smith, personal communication). With good records and a model tuned
to a property, the manager has an excellent chance of accurately predicting
the best long -term strategy (although the actual outcome remains
unpredictable since the actual rainfall is not known). Another aspect is that
the involvement of pastoralist with models will help to find their strengths
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and weaknesses, hence aiding the iterative process of making them better in
the future.

Models of some form or other are here to stay. It is perhaps difficult for
the average pastoralist to understand how they function and hence have
confidence in their output. Such confidence and understanding can only come
with use, so my advice is for you to get involved, both for your own
advantage, and as a means of ensuring that the models do really achieve the
dreams of their creators. I expect that by the end of this decade we will
have a series of useful working models in use, and that they will be making
an impact on the profitability of enterprises and on the maintenance of our
land resources. High tech applied to old systems.

REFERENCES

1. Clewett J.F., Taylor, W.J., McKeon G.M., Neal J.A., Howden S.M., Young
P.D., Rickert K.G. and Wilson R. (1988). BEEFMAN: Computer systems for
evaluating management options for beef cattle in northern Australia. Proc.
Aust. Soc. Anim. Prod. 17, 367.

2. White D.H. and Bowman P.J. (1986). Proc Aust. Soc. Anim. Prod. 16, 58.

3. Morley F.H.W. (198 ?). A spreadsheet for sheep productions sytems.

4. Stafford Smith D.M. and Foran B.D. (1988). Strategic decisions in
pastoral management. Aust. Rangel. J. 10, 82, 95.

5. Foran B.D., Stafford Smith D.M., Niethe G., Stockwell T. and Michell V.
(1990). A comparison of development options on a northern Australian beef
property. Agric. Syst. (in press).

6



ECONOMIC ANALYSIS OF CATTLE GENOTYPE, WEANING AND TURNOFF STRATEGIES UNDER
KIMBERLEY CONDITIONS.

B.M.F. Howard

Western Australia Department of Agriculture, South Perth

ABSTRACT

three hypothetical Kimberley cattle herds representing Shorthorn and Brahman
cross genotypes were studied to compare potential earning capacities and
income variability from different herd structures and turn -off strategies.
Cesults show potential for gross income to increase by 50 per cent by
Changing from the traditionally managed Shorthorn herd to a weaned Brahman
Cross herd of the same stocking rate size. Income variability caused by
Seasonal factors was shown to be less in the weaned Brahman cross herd than
in the traditional shorthorn herd. Optimal herd structure and turnoff
etrategy varied between herds exhibiting different reproductive capacities
And growth rates.

INTRODUCTION

The Kimberley cattle industry has the information, technology and markets
available to operate more biologically efficient cattle herds. Improved
herds require greater management control and capital investment in
ánfrastructure. Turn -off of younger steers and a higher proportion of
breeders is characteristic of an improved herd structure. If pastoralists
are to fully adopt these technologies they must be satisfied that running a
herd, with a higher proportion of breeders, requiring higher capital
investment will be more profitable and at worst no more risky than existing
production systems.

Stock control is also a prerequisite for effective rangeland management.
Businesses which exercise better stock control and make more profitable use
of the range resource are not only practising better rangeland management
but are in a financial position to feel they can afford it.

three sets of parameters representing a traditional unweaned Shorthorn herd
and two Brahman cross herds, managed with and without weaning were studied
Under both average season conditions and settings depicting seasonal
Variation. For businesses which already run weaned Brahman cross herds it
provides an indication of optimal turnoff strategies and for those which do
mot, an indication of the potential gains to be made.

BACKGROUND

Shorthorn cattle were first introduced into the Kimberley region from
Queensland and New South Wales in the 1880s. The herd is still predominantly
Shorthorn but the number of Brahman crosses is increasing, these cattle are
tun over a wide range of environments and degrees of control. The Kimberley
tow supports about 650,000 cattle, which represent 40 per cent of Western
Australia's total herd. Each year between 10 and 15 per cent of the herd are
turned off to earn about 35 million dollars for the region.

/he Kimberley herd has low branding and high mortality rates compared with
herds in agricultural areas. Weaning calves from their mothers is a viable
method of increasing branding rates and reducing cow and weaner mortality.
The Department of Agriculture commenced trials in 1980 at Ord Regeneration
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Research Station to evaluate the fertility, mortality and growth rates of
Brahman and Africander breeds and their crosses. Trials have also been
conducted to measure the effects of weaning calves in Shorthorn and Brahman
cross herds. Results from these trials form the basis of data used in this
analysis.

HISTORICAL DATA AND TRIAL RESULTS

Mortality

Mortality
al. 1968)
mortality
a Pilbara
increased
that died

in pastoral cattle can be very high in drought years (Armstrong et
and old cows, calves and bulls suffer significantly higher
than the herd average (Jenkins and Hirst 1966). Gardiner (1983) in
study found the mortality in a drought year for the whole herd
from 4% to 15 %. The number of calves and cows older than six years
were much higher than the herd average.

Kok (1975) compiled results from a survey of the beef industry from 1968/69
to 1970 /71 and estimated cow, heifer and calf mortality at 9 per cent and
other cattle at 4 per cent

Pratchett and others (1988) in their genotype study found few cows died and
it was not possible to detect major differences between the genotypes
studied. Likewise few steers died once they were 12 months old. However calf
death rates were high and variable from year to year. Calves averaged a
mortality rate of 10 per cent from birth to 10 months.

Results from Pratchett (1989) showed that over three years during a study on
weaning, mortality in unweaned cows averaged 19 per cent where as mortality
in the weaned cows was 9 per cent.

Growth,

Unpublished data (Pratchett) and data from Frapple's (1987) abattoir survey
reports 1978 -87 provided the following weight and age figures. Note the
Frapple data is aged by dentition, but Pratchett's data assumes the first
weight is one year after branding and then continues at about 12 month
intervals. Age at the first weighing would range from 1.5 years to 2 years
of age.

Table 1. Live weights (kg /head)

Age" 1.5 2.5 3.5 4.5 5.5

Cows * BX 240 300 330

* SH 225 285 300 315 320
# SH 195 225 265 310

Steer * BX 250 400 490

* SH 235 330 420 460 470
# SH 245 330 380 490

BX =Brahman cross, SH =Shorthorn
Source: * D.Pratchett (Unpublished data)

# P.Frapple (Abattoir survey results)
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teproduct ion

Kok (1975) estimated an average Kimberley herd had a branding rate of 51 per
cent. Unweaned cows in Pratchett's (1989) weaning trial averaged 47 per cent
branding, cows in herds where weaning was undertaken twice per year averaged
81 per cent. In Pratchett's (1988) genotype trial heifer calving percentage
averaged 30 per cent when joined at 15 months, adult shorthorn cows averaged
76 per cent and Shorthorn Brahman cross cows averaged 88 per cent.

,Seasonal variations

The Kimberley Pastoral Industry Inquiry (1985) report reconciled a set of
traditional shorthorn herd parameters over a 14 year period and produced the
following figures shown on Table 2.

Table 2. Variation in herd parameters

Low Ave. High

Brandings as % cows 12.4 42.8 69.8
Mortality % (Total herd) 4.7 12.2 17.4

DATA USED

The models used in this study required production parameters to be defined
for each age and sex class within the three herds. Trial data, D.Pratchett
(pers. comm.), survey results and industry experience provided a measure of
likely performance in the field. The data used is presented below. It has
been collated in a form that is at least consistent if not always
substantiated by trial data. Seasonal data is expressed as poor, average and
good for the weaned Brahman cross herd only. The average year data is used
for comparison with the unweaned herds.

lortality

Table 3. Mortality rates (per cent)

Age .5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5

Unweaned Shorthorn cows
7 5 10 10 10 10 10 14 18 28 45 75

Unweaned Brahman cross cows
6 5 8 8 8 8 8 12 16 24 45 75

Weaned Brahman cross cows
Poor 12 8 10 10 10 10 10 16 25 40 88 100
Ave 6 5 6 6 6 6 6 10 14 20 45 75

Good 3 4 4 4 4 4 4 7 8 10 16 63

Shorthorn steers
8 4 4 4 4 4

Brahman cross steers Bulls
Poor 14 6 6 6 6 6 9

Ave 7 4 4 4 4 4 6

Good 4 3 3 3 3 3 5
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Growth,

Table 4. Live body weights
(kg /head)

Age .5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5

Unweaned Shorthorn cows
140 210 265 290 325 350 350 340 325 300 260 220

Unweaned Brahman cross cows
150 235 305 340 375 390 390 380 360 330 285 240

Weaned Brahman cross cows
Poor 140 216 302 342 378 383 383 378 320 296 256 216
Ave 155 240 335 380 420 425 425 420 400 370 320 270

Good 163 252 352 399 441 446 446 441 440 407 352 297

Shorthorn steers
150 240 340 420 470 500

Brahman cross steers Bulls
Poor 144 243 351 441 473 482 450

Ave 160 270 390 490 525 535 500

Good 168 284 410 515 551 562 525

Reproduction

Table 5. Branding rates (per cent)

Age 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5

Unweaned cows 38 50 52 55 52 48 40 30 20 10

Weaned Brahman X
Poor 32 44 46 47 46 42 21 16 0 0

Ave 45 62 65 68 65 60 52 40 25 15

Good 52 72 75 78 75 69 68 52 38 23

This analysis assumes weaning will increase branding rates by 12.5 per cent.
This is lower than recorded by Pratchett (1989), who weaned off two musters
each season. Only one muster and one round of weaning may be practical for
the industry, consequently a conservative level of branding rate improvement
is budgeted.

Seasonal analysis assumes branding rates assigned to season type are
effective in the following rather than current year. Body weights are
assumed to be independent of the previous season type and are set for the
current season type only. Sequences where a good year follows a poor year
may over estimate growth rates.

prices

The abattoir price schedule used in
analysis of 7000 cattle slaughtered
Store prices used also reflect 1989
prices may well change, however the
cattle and stores may be reasonably

these calculations was based on an
for the season ending October 1989.
prices. The absolute value of these
relative prices paid for slaughter
consistent from year to year.
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Table 6. Abattoir price schedule

Dressed wt Live wt
Steers Cows

cents /kg live wt
Steers Cows Bulls

81- 156- 180- 53 47 60

101- 194- 224- 59 53 63

121- 233- 269- 62 57 66

141- 271- 313- 72 60 71

61- 310- 358- 79 61 75

181- 348- 402- 84 63 78

201- 387- 447- 90 65 82

221- 425- 491- 94 67 85

241- 463- 536- 94 68 86

261- 502- 94 87

Source:W.A.D.A.

The standard or expected liveweight prices for stores are $1.20 /kg for
»eaners, $1.10 /kg for 18 month stores and export steers, and $1.00 /kg for
2.5 year old store steers.

Table 7. Freight rates ($ /head)

Age

Meers
*per deck
tost- Broome

Cost- Harvey

Roper deck
:ost- Broome

Wnr 1.5 2.5 3.5 4.5 5.5

45 35 30 25 23 22
13.6 15.8 19.0 20.6 21.6

48.30 62.2 72.5

45 37 32 25 (for 3.5 and older)
12.8 14.8 19.0

Station- Broome $475 /deck
Station- Harvey $2175 /deck

METHOD

The economics of the three herds were compared under two sets of season
conditions. Firstly a linear programme model was used to analyse optimal
herd structure and turnoff strategies using average year production
parameters. This model presents a herd of static size in equilibrium with
annual brandings and purchases equalling sales and losses. Parameters were
defined for each age and sex classes within the herd, the year was
partitioned into two seasons and grazing pressure of each class defined for
each season. Stocking rate was limited to 5000 LSU, post sales, for the dry
season. Pregnancy is assumed to increase breeder grazing pressure in the wet
season.

Aspreadsheet model was then used to evaluate seasonal fluctuation effects
on herds of different age and gender composition. Three season types were
distinguished to provide three sets of parameters. These parameters
represent livestock production changes not vegetative production changes. No
account is taken for stocking rate effects as herd size changes with season.
A11 parameters are assumed to result from constant grazing pressure. No
tactical response to season type was assessed in this study, turnoff
strategies were maintained across all season types.
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A poor production year was defined to occur 2 years in 10, and an average
and a good year 4 in 10. The production parameters were then defined so the
expected value (given the season's probability) would equal the average
value used in the static model. Ten sets of 15 year season sequences were
randomly generated, based on the probability of each season occurrence. Each
herd structure and turnoff strategy was then compared over the same set of
10 season sequences.

RESULTS

The efficiencies of herd structures are determined by economic and
biological factors. Efficiency is important not only in absolute terms but
in terms of the relative efficiencies between the male and female components
of the herd. Turnoff of younger age steers requires a herd structure
dominated by breeders. The sale value and reproductive efficiency of females
in this herd is relatively more important than in a herd geared to the sale
of older bullocks. All results assume stocking to the 5000 LSU, gross income
is net of freight costs.

Effects of Brahman genotypes and weaning

Figure 1 displays gross income generated from a range of steer turnoff ages
from unweaned Shorthorn and Brahman cross herds and a weaned Brahman cross
herd. These results assume all steers 2.5 years and older are sold to the
local abattoir, 18 month old Brahman cross steers are exported for $1.10 /kg
live- weight and weaners are sold as stores for $1.20 /kg live- weight to the
south west agricultural region of Western Australia. All shorthorn cattle
are assumed to be sold to the local abattoir.

Gross income ($,000)

500J
450-f.

400-''

350

300 J`

'250:"

200 ''

150

...... 1 E

1_,
Wnr 18 Mths 2.5 Yrs 3.5 Yrs 4.5 Yrs 5.5 Yrs

Steer turnoff age (Years)

III Unweaned Shorthorn \ \ \\\ Unweaned Brahman X

ED Weaned Brahman X

Figure 1. Genotype and weaning effects

Gross income generated increased by 50 per cent from $300,000 to $450,000
between the Shorthorn and the weaned Brahman cross herds. Should operating
costs be deducted then the proportional increase in profit would be much
greater.

Optimal breeder herd structure is unchanged regardless of the age of steer
turnoff. As steer turnoff age is lowered the proportion of breeders in the
herd increases but the structure of the female herd is unchanged. Cows are
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sold at 8.5 years from the unweaned herds and most cows at 6.5 from the
weaned Brahman cross herd. The analysis assumes no cows are culled for type
younger than the turnoff age.

Optimal steer turnoff age for the Shorthorn herd is shown to be 3.5 and 4.5
years. Low reproductive efficiency and high cow mortality mean herd
structures with a high proportion of breeders are relatively inefficient.
Lower cow mortality and heavier body weights of the unweaned Brahman cross
herd improve the economics of younger steer turnoff. Export market
opportunities make the turnoff of 18 month Brahman cross steers feasible,
this and the sale of and 2.5 or 3.5 year old Brahman cross appear as the
most profitable options.

Weaning Brahman cows improves reproductive efficiency to a point where the
majority of cows can be sold as young as 6.5 years. This results in lower
average cow mortality and proportionally more income from the sale of
females. The sale of 18 month, 2.5 and 3.5 year old Brahman cross steers
appear as the most profitable options.

Table 6 indicates the proportion of breeders required and the turn -off
generated from herds selling weaners and steers to 5.5 years.

Table 8. Per cent breeders and turnoff' for each steer turn -off age.

Age (Years) Wnr 1.5 2.5 3.5 4.5 5.5

Shorthorn unweaned

Breeders % 59 53 48 44 41 38
Turn -off % 19.5 16.5 14.5 13.0 11.7 10.71
Brahman cross weaned

Breeders % 56 50 45 41 38 35
Turn -off % 24.1 20.5 18.1 16.1 14.6 13.3

;steer turn -off age and price effects

The sensitivity of turnoff strategies to steer price variations is indicated
in Figure 2. These results are based on weaned Brahman cross herd
parameters. The first three bars on the graph indicate the gross income
received from the sale of weaners and 1.5 and 2.5 year old steers as stores.
The next two bars indicate the income received from the sale of 1.5 and 2.5
year old steers for export. The line graph shows the gross income generated
by selling steers to the local abattoir.

The live export market has been taking steers weighing between 250 and 320
kg live weight. The analysis has assumed steers at 2.5 years to weigh 390
kg. These may be too heavy for the market but their inclusion in the study
provides an indication of the potential income from selling steers in that
age and weight range.

Using the sale of 3.5 year old steers to the abattoir as a benchmark,
weavers would need to fetch $1.65/kg to be a comparable option. Eighteen
month and 2.5 year old stores would need to fetch $1.30 /kg and $1.10 /kg
respectively.

Export steers have been selling for $1.10 /kg, at this price selling 18 month
steers is one of the best options. If 2.5 year old steers can meet market
requirements weighing 390 kg then at a price of $1.00 /kg that would appear
to be the best option. Selling 18 month or 4.5 and 5.5 year old steers to
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the local meatworks are inferior strategies for the weaned Brahman cross
herd.
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Figure 2. Steer age and sale price effects
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Steer growth rate effects

The price effects discussed above are based on one set of growth rate
figures. Table 9 provides an indication of the sensitivity to changes in
annual growth rate. Standard weights are reduced by 10 and 20 kilograms each
year.

Table 9. Annual steer growth rate effects on gross income ($,000)

Age Price Market
Standard Wts
Kg $,000

-10 kg /yr
Kg $,000

-20 kg /yr
Kg $,000

Wnr $1.20 /kg Store 160 367 150 351 140 335
1.5 $1.10 /kg Export 270 461 250 437 230 413
2.5 $1.05 /kg Store 390 447 360 419 330 391
3.5 Abattoir 490 459 450 431 410 403
4.5 Abattoir 525 418 475 388 425 358
5.5 Abattoir 535 373 475 341 425 309

As growth rates are reduced optimal strategies trend towards favouring the
sale of younger steers. This trend is likely to apply to steers grazing
Pindan country which may have lower growth rates than cattle grazing on good
black soil plains.

Branding rate variations

Brahman cross breeder branding rates were varied to assess the sensitivity
of income to reproductive rate. The results shown on Figure 3 indicate the
turnoff of younger steers tends to be favoured as branding rates increase.
Selling weaners was never the best alternative even when branding rates as
high as 80 per cent were assumed. As branding rates increase the required
price for weaners to be the best option is reduced marginally from $1.65 /kg
to $1.60 /kg.

At an average branding rate of 40 per cent breeders are retained until 9.5
years old, when branding rates increase to an average of 60 per cent cows
can be sold at 6.5 years. This enables cows to be sold in better condition
and before higher mortality rates of the older age groups reduce the number
available for sale. If branding rates higher than 60 per cent are achieved
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then cows must be sold even younger or severe culling of heifers undertaken
to prevent overstockincz.

Gross income (=,000)
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figure 3. Branding rate effects
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*comparison between cow selling ages for the three herds is illustrated in
Figure 4. Cows must be retained for a minimum of 8.5 years in the unweaned
herds and 6.5 years in the weaned herd to satisfy herd reproduction
requirements. In all examples gross income increases as cows are sold at a
younger age. Older cows have lower branding rates and by selling breeders as

g as possible mortality losses are reduced.
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figure 4. Cow selling age effects
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Seasonal effects

Ole ranking of optimal turnoff ages did not alter after each option was
Studied using parameters representing three season types. Herd structures
Wing proportionally more breeders were shown to have higher income
variability. This includes herds turning off younger steers, herds of low
reproductive performance and herds retaining older cows. Higher average
incomes generated from improved herds selling younger steers would offset
any marginal increases in income variability. As branding rates increase and
mortality rates decline seasonal fluctuations in income will be reduced.
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Co- efficient of variation -
Standard Deviation 100

* - --

Mean 1

Table 10. Co- efficients of variation and mean income ($,000)

Turnoff Age Wnr 18 mth 2.5 3.5 4.5 5.5

Shorthorn (unweaned, cows sold at 8.5 years)
Mean Income 194 262 298 297 277
Co of Var 22% 21% 19% 18% 16 %I

Brahman cross (weaned, cows sold at 6.5 years)
Mean Income 367 461 445 459 418 373
Co of Var 18% 18 18% 16% 15% 14 %1

Brahman cross (weaned, cows sold at 9.5 years)
Mean Income 312 414 403 423 385 343
Co of Var 20% 19% 19% 17% 16% 15%

DISCUSSION

The Kimberley Pastoral Industry Inquiry (1985), noted that production
systems requiring capital investment must have the potential to generate
greater profit with more confidence than the current less sophisticated and
less capital intensive system. Results show potential for gross income to
increase by 50 per cent by changing from the traditional shorthorn herd to a
weaned Brahman cross herd. Results also indicate income variability caused
by seasonal factors to be less in a weaned Brahman cross herd even with herd
structures containing a higher proportion of breeders.

Optimal herd structure and turnoff strategy is shown to vary between herds
of different reproductive and growth capacity. Selling older bullocks maybe
the best option for herds with low branding and growth rates but is not
optimum for improved herds. Unless the herd structure is adjusted to herd
performance then some of the potential gains will not be realized. This
highlights the value of measuring individual herd performance and adjusting
management plans to that unique situation.

Improved reproductive performance also requires more cows to be sold and at
a younger age. Failure to do so will result in over stocking and loss of
income from cow sales. Younger cows should be in better condition and
preferred by the meatworks to older lightweight cows. Selling cows at a
younger age can also accelerate the rate of genetic improvement through the
herd.

The Kimberley environment is variable consequently cattle production
parameters will also vary. Cattle off black soil plains and cattle off
Pindan country would be expected to perform differently, these different
herds are likely to have different optimal management strategies. Lower
steer growth rates were shown to favour the turn -off of younger steers. It
is important to know the growth rate parameters for cattle off different
land classes to plan and implement the best management strategy for that
environment.

The study makes no attempt to assess any capital expenditure required to
implement these improvements nor is any comparison of operating costs made
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between associated herd types and management practices. Existing properties
operate over a range of states of capital and herd improvement, consequently
any evaluation of capital investment is best undertaken on an individual
property basis.

The herd structures tested over a range of season sequences were assumed to
be managed on the basis of strategic rather than tactical management plans.
Turnoff strategies were maintained regardless of season type. Income
variability could be further reduced by adopting turnoff plans which aim to
sell steers from say more than one age class. An example may be to sell some
eighteen month steers for export, some 2.5 year olds as stores or to the
meatworks and the remainder at 3.5 years old to the meatworks. The
proportion sold from each group could be adjusted to market fluctuations and
season type.

Results show the potential to increase gross income by up to 50 per cent and
reduce income fluctuations caused by seasonal factors. This can be achieved '

by weaning Brahman cross cattle and adjusting herd structure and turn -off
strategies to suit production capabilities. Conversely the results indicate
the potential to reduce stocking rates and still maintain existing income
levels.
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CURRENT COSTS, RETURNS AND RANGELAND MANAGEMENT PRACTICES
FOR A TYPICAL WESTERN COBAR PROPERTY

Warwick Date, District Agronomist, John Murphy, Economist

NSW Agriculture & Fisheries, Rangeland Management Research and Advisory
Unit,PO Box 286, COBAR. NSW 2835 Phone 068 362108

ABSTRACT

This paper details an extension initiative implemented by NSW Agriculture &
Fisheries staff at Cobar in western New South Wales. With the co- operation
of seven local producers a discussion group was formed, and using the Local
Consensus Data (LCD) technique a detailed description of the typical property
in this district was obtained and documented.

The methodology of the LCD technique is explained and a brief description of
the typical property is presented. This includes information on the physical
features, management costs and returns for western Cobar properties.

The perceptions of landholders about the major production constraints are
also outlined and the methods used by graziers to address these constraints
are discussed. This information indicates that the underlying issues are not
fully understood by the whole grazing community and therefore require
attention in future extension programs.

Documenting such information also supplies data which can be used by
individual landholders to assess their financial and managerial performance.

INTRODUCTION

The economic climate of the 1980s and changing community expectations about
the use of our rangeland resources, are imposing greater demands on western
NSW graziers to improve both the profitability and sustainability of their
enterprises.

Now, more than ever before, graziers need to closely monitor costs and
returns, and more accurately assess the impact of management changes (on
enterprise profitability and rangeland stability) over time. Government
agencies also need an accurate picture of whole property management and
production constraints within specific areas so that relevant research and
extension programs can be developed. In addition, a report documenting the
profitability, production and management of the typical property will be
useful for new graziers moving into the district and for newly appointed
government personnel to enable them to quickly understand rangeland
management activities within their district. A very useful way of assisting
graziers and their advisors to obtain this information is through the use of
the local consensus data recording (LCD) technique.

THE LOCAL CONSENSUS DATA TECHNIQUE

The Local Consensus Data technique involves a group discussion where
participants are asked to develop consensus on a particular subject by
developing typical but hypothetical models. In developing a picture of the
typical western Cobar district property, seven graziers pooled their
experience and knowledge with the assistance of two extension personnel.
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This information was documented and details:

* physical features;
* property improvements;
* management practices;
* costs and returns;
* perceived production constraints.

After concensus was achieved describing current activities and production
levels the participating graziers were asked to collectively identify the
changes they believe need to be made over the next 5 -10 years to achieve a
more desirable level of profitability and sustainability for that typical
property.

Division or voting within the group was avoided. The success of the LCD
technique depends on:

* an accurate and detailed definition of what it is the organisers want the
participants to describe;

* careful selection and knowledge of participants, representing a range of
ages and experience throughout the district;

* the organisers having an adequate level of knowledge on the subject matter
and the group discussion technique;

* the organisers accepting wholeheartedly the concept of information coming
from the producers and that agreement between them is to be made by
consensus.

The objective was made clear to the group; to describe the physical and
financial features of a typical Cobar property. The producers determined the
boundary of the area to be discussed. Members of the group attended meetings
without any documents, and relied solely on their personal knowledge.

To form the group each grazier was approached and the objective of the
exercise and technique explained. They were also asked if they would
nominate another person who might suit the group and so on until the required
number of persons was achieved. The number of participants was restricted to
seven to ensure the active contribution of all members.

The group met on four days over a period of ten months at a quiet venue with
ample wall space to hang paper, maps and white boards. As consensus on a
particular subject was reached it was displayed in view of all participants
for clarification and /or development. Discussions moved from category to
category, guided by the extension officer who was careful not to display his
own attitudes or beliefs (it was a very fine line!). The officer was
objective without being dominating, ensuring each member contributed.

Group members were also selected on their communication skills. The loud
dominating personality was avoided as were the very quiet and reserved
characters. To be successful, this technique relies on the co- operators
knowing they are each a part of the group and that it is their group. The
silent majority (those that disagree but don't contribute) must have their
opinions aired.

Discussions were guided, not dominated, by one extension officer whilst the
other acted primarily as a recorder of information. Both officers had to be
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good listeners and tactful in controlling awkward situations, yet stimulating
and able to encourage the participation of all members of the group.

The meetings were introduced with morning tea to encourage casual
conversation and to develop a friendly atmosphere. After each meeting the
extension officers, mainly the recorder, compiled the details decided upon
and produced a draft document. Each draft was then tabled at the next meeting
with discussion invited, resulting in amendments and additions as necessary.
The group concentrated on detailing specific items, quantities consumed and
time periods involved. Costing of these items was done at a later date, then
presented to the group in another draft report. The group always understood
that a published report(1) would be produced, so they were very careful to
make sure that each detail was accurate.

Initially it was thought that two meetings would satisfy the objectives of
the project. Due to the enthusiasm of the group and their desire to be as
accurate as possible, discussions were concluded after four meetings.

THE COBAR REPORT

A summary of the major features in the report is included below:

physical features
Total area 28,500 hectares

Total livestock Sheep- 7,045
Cattle - 100

(70,000 acres) Stocking rate

7885 DSE }
1000 DSE }

3.2 ha/DSE (7.9 ac/DSE)

Soils

The soils are principally soft red earths; however, heavy red soils are
present in the occasional poplar box flats. The country is gently undulating
with erosion being most severe under dense stands of hopbush (Dodonaea
attenuata) and belah trees (Cassuarina cristata).

Vegetation,

There is a diversity of tree species, both edible and inedible ranging in
density from isolated stands one kilometre apart to trees spaced 4 - 5 metres
apart. Often there is association of shrubs beneath the trees with 60% of
the property lightly encroached with woody weeds, whilst 40% has a medium to
dense infestation, which could worsen.

Annual species represent a significant proportion of the pasture with a small
population of perennial grass species.

Climate

Rainfall is both unreliable and non -seasonal. The mean rainfall is 250 mm
(10 ") with the probability of an excellent season occurring, being once in
five years, whilst a dry year occurs twice in five years.

property improvements

Ten ground tanks of 8,500m3 (10,000 cubic yards) are present and four of
these are fenced to trap stock. The water from three bores reticulate to
eight troughs through 8 kilometres of polythene piping. There is a
timber /iron homestead and a five stand shearing shed. Seventy kilometres (40
miles) of boundary fencing and eighty kilometres (50 miles) of internal
fences divide the property into 12 paddocks.
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present management

Water is an important resource for both stock and domestic purposes. Subject
to availability of a contractor, and if time permits, tank drains are graded
every ten years and when tanks are dry they are desilted. These maintenance
procedures usually occur during the summer months from December to February.
Also during this season an essential part of landholders' daily tasks is
checking stock water supplies, cleaning troughs regularly, and replacing
seals. Windmills are also checked and maintained regularly, particularly if
low wind speeds are experienced.

The merino breeding flock, consisting of 2,670 adult ewes and 800 maiden ewes
are joined for a 14 week period so that rams have the opportunity to service
several times. Joining usually occurs from mid March to late June because
green feed can then be expected to be available at lambing time. This is
particularly so in areas where grass seed problems Aristida and Stipa spp.
are common.

The lambing period on the nutritious green feed is considered important
particularly for the maiden ewe flock. Also this management technique helps
to prevent young weaners being exposed to the hot dry period during summer.
However, if the autumn joining is unsuccessful, resulting in poor lambing, a
spring joining will be attempted.

Crutching (non- contract) for blowfly control occurs in February- March.
Jetting for blowfly control may occur in September or February although stock
may not be treated every year. Lambs are usually marked and mulesed during
November.

Mustering takes a considerable amount of time, often starting at least two
weeks before the proposed management operation. It can take up to four days
using motor bikes and 4WD vehicles to achieve a clean muster of a large
paddock. The more open country can be mustered more quickly.

Shearing begins during mid July before lambing and is usually performed by a
shearing contractor. The following wool cuts from each stock class are
expected:

Class Wool Cut Yield Micron Vegetable Matter Fault
(kg) (lb) % (um)

Wethers 6.4 14 60 24 4

Ewes 5.5 12 60 23 4

Weaners 5.1 7 60 20 -21 4

Rams 7.0 15.5 60 23 -24 4

Cast -for -age ewes are generally sold off shears in August -September as are
the full mouth wethers which are sold to the live sheep boat trade. The
property has a sheep turn -off ratio of 21% on total numbers over twelve
months of age.

Cattle represent only a minor enterprise with low levels of management
required. The structure of the cattle herd is 40 cows, 2 bulls and 58 other
assorted stock. Calving occurs throughout the year and calves are marked
whenever the cattle are mustered for sale or when very young, in the paddock.

property costs and returns

Total variable costs were calculated and documented in detail and include
costs for shearing, crutching, wool selling costs, parasite control, fuel and
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labour costs associated with the stock enterprise. Annual overhead costs
were also calculated and included major items such as depreciation,
maintenance on improvements, rates, insurance, telephone and accountancy
fees.

Total Variable Cost - $82,845 Wool Sales $223,066
Total Overhead Costs - $48,753 Stock Sales $23,340
Total Operating Costs -$131,598 Total Income$246,406

After allowing $22,000 for the labour of the owner /manager the net property
profit was calculated at $55,714 assuming 75% equity and 18% interest rates.
The return to capital (Net Property Profit /Current Capital Value)
corresponding to these figures is 9 %. Based on these figures the typical
western Cobar district grazier was in a sound financial position, in 1988, a
year characterised by high wool prices.

IDENTIFYING AND ACHIEVING THE DESIRABLE PROPERTY

The co- operating graziers acknowledged that typically the western Cobar
property was not being managed as efficiently as possible. For this reason
time was spent identifying what changes should be made. Once the
participants were satisfied that a description of the typical property was
complete the project was extended and the group asked to identify the changes
which needed to be made to make the typical property more profitable and
sustainable over the next 5 -10 years.

In addressing this question a brainstorming discussion developed, listing the
perceived major production constraints and their perceived effects on
production and profitability (In the authors' opinions some constraints were
in fact symptoms of much larger problems.) The following are the major
issues that were discussed:

Lamb marking percentage

A significant increase in the lamb marking percentage would give greater
stock numbers, enabling more intense classing and subsequent sale of
additional sheep. An increase of 10% to 67% should be possible. To develop
a high fertility flock, it would be essential to class the ewes and rams
prior to joining with a high priority placed on selecting for fertile ewes.
A ram percentage of 3% would be necessary to ensure a complete joining.
Further attention would need to be placed on ram selection and preparation
including nutrition of rams, shearing before joining, and inspecting rams for
teeth, testes, tossle, toes and trim. Joining also should take place in
smaller paddocks with the joining period being reduced from 16 to 8 weeks. A
January joining may be an advantage as lambs would then be old enough to more
easily handle bad grass seed conditions during the September- October period.

Shrub density

The overall aim is to decrease the woody weed density, and to promote pasture
growth. A two stage integrated management programme should be adopted to
control woody weed densities:

1. Stop the lightly infested areas from becoming severely affected.
2. Take steps to improve the heavily shrubbed areas;

It was suggested that each year, perhaps 10% of the net property profit (in
this year $5,000) should be spent on mechanical control, and a further 10% on
chemical control of lightly to moderately affected areas. A maximum of 20%
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of the lightly affected areas should be managed using a broad scale method
such as fire in the next 5 years, subject to desirable seasonal conditions.

Wool cut and yield

An increase of 1 kg (2 lb) wool cut was set as an achievable goal. To

achieve this figure external parasites such as lice should be more
intensively controlled, treating stragglers and sheep missed in previous
musters. More intensive classing also needs to be practised so that the
quality and quantity of the wool can be improved. Ram selection is critical
and the manager of the desirable property must view rams before purchase
rather than relying on buyers. Wool yield can also be increased by
installing a sprinkler system at the yards to reduce dust contamination in
the wool.

pasture availabilitNz

The availability of pasture was identified as a limitation on production.
Previous high stocking rates, increasing shrub density, and the increase in
rabbit and kangaroo numbers have all contributed to a decrease in available
forage. To improve the situation the typical property should decrease stock
numbers by 10% to minimise feed gaps during the year. It is extremely
important to destock paddocks during good seasons to allow pastures to set
seed. Continued research is still required into the possibility of an
introduced plant species which will tolerate current management practices.
The rotation of sheep flocks through the paddocks may also aid in better
pasture and browse utilisation.

The selection of specific stock classes to graze certain pastures would also
be beneficial in pasture utilisation and distributing even grazing pressure.

Promotion of a functioning commercial market for kangaroo meat for human
consumption is vital in developing the kangaroo meat industry and protecting
the valuable grasses. Commercial, licensed shooters should be encouraged to
shoot regularly on the property, with permission of the landholder.

Government controls.

Government controls over the leasehold country should be reviewed and in some
areas changed, to encourage expansion of property size to improve economic
viability. Taxation deductions for water improvements and woody weed control
should also be reviewed. It was suggested that interest rates and taxation
laws have markedly influenced property decisions.

Other management problems

A better grazing management system needs to be developed and practised to
allow the spelling of paddocks. Also paddock selection regarding flocks
needs further attention.

CONCLUSION

The descriptions and values reported in the paper are not average because
such figures can often be distorted by unusual or radically different
practices or outcomes. Therefore, these typical figures and values more
accurately describe the 1988 situation.

Often survey results of production and financial figures of individual
properties may not be very accurate as many producers are hesitant to
disclose such personal information. The use of the LCD technique disclosed
many of their individual figures but were referred to as a typical
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situation, putting producers at ease and avoiding them being embarrassed due
to a poor management practice or low /high levels of production.

Consensus was achieved on all issues which is probably a reflection on
careful selection of knowledgeable graziers with good group communication
skills, and the co- ordinators of the group being committed to the local
consensus group discussion technique.

To implement some of the changes as identified by producers to attain greaten
levels of profitability and sustainability in the next 5 -10 years, a distinct
change in traditional property management is needed. The erection of new
fences to improve joining and the allocation of funds to manage woody weeds
are just two areas where development is needed. To aid in the widespread
adoption of management changes, the behaviour and attitudes of land managers
should be targeted.

Listing the management changes required is useful in identifying issues, but
developing a system to implement changes can be complex. It appeared that
members of the group lacked detailed understanding of the underlying issues
such as the ecological reasons for shrub encroachment, the various grazing
management systems, flock fertility and livestock genetics. These points are
an important component in changing attitudes and behaviour patterns.

The information generated by such an extension exercise can be used in a
number of important ways:

First, it can be used by local producers to assess their own management
operations (relevant to the typical property) and then develop the future
management plans so that production can be sustained or increased.

Second, it can be used by government advisors to monitor the costs and
returns in their district and the impact of their advice and recommendations
on management. It can also be used by government (and private) extension
staff to develop relevant programs to target the issues raised by the report.

Third, it can provide an important source of information for new graziers,
prospective new graziers and commercial service agencies such as stock and
station agencies, banks, accounting firms and financial institutions.

The report that has been produced will be an important resource to
familiarise interested persons in agricultural activities within the western
Cobar district. A most interesting part of the report is the graziers'
identification of, and methods of achieving the desirable property. State
government agencies can now develop and continue with confidence programs
addressing these particular concerns.
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THE BENEFITS OF PALATABLE SHRUBS FOR WOOL PRODUCTION IN A SEMI -ARID
ENVIRONMENT.
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ABSTRACT

Palatable shrubs are necessary to ensure continuity of wool production during
drought conditions at high stocking rates.

Measurements were made of herbage mass, foliage mass of shrubs, bodyweight
and annual wool production of Merino wethers grazing a chenopod /Acacia
sandplain pasture near Carnarvon W.A. The experiment ran for five years

(1983- 198.8), with a design of five stocking rates each of 30 sheep by two
pasture types, one in a degraded state with low densities of palatable shrubs
and one in a non degraded state with high densities of palatable shrubs.

Average clean fleece weights ranged from 2.9 kg to 4.5 kg and total wool
production from each paddock ranged from 363 kg to 630 kg. Total wool
production from the non degraded site was higher than that from the degraded
site only for the paddocks stocked at higher than recommended rates. This

as due to their inability to continuously support the grazing pressure

applied. At moderate to low stocking rates there was no production advantage
vident from the pasture in a non degraded state.

INTRODUCT ION

Almost without exception in the shrub rangelands, the process of land
degradation has been accompanied by the loss of palatable shrubs. The loss
of these shrubs contributes not only to soil erosion but also to the loss of
continued useful shrub biomass production.

It would be reasonable to assume that this loss of perennial biomass would
also lead to a decline in the ability of the pasture to support animal
production, particularly during dry times when herbage availability is low.

Grazing trials designed to compare animal production from areas differing in
density of palatable chenopod shrubs have not shown that higher densities of
,these shrubs confer any production advantage (1,2,3). This is due largely to
the increased production from the herbage layer, on the more degraded grazing
land, and the grazing preference of the animals for herbage species rather
han shrubs.

However, the role of palatable shrubs in providing continuity of production
through poor seasonal conditions has not been as well documented.
Circumstantial evidence, cited by Wilcox (4 ) suggests that palatable
chenopods were important in ensuring survival during a prolonged drought in
the Goldfields area of Western Australia. Most authors however, including
Wilcox and Graetz and Wilson (5)conclude that palatable shrubs have other
roles to play in the semi -arid grazing environment such as landscape
stability, nutrient cycling and as guides to range condition assessment.
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In this paper we test the hypothesis that palatable shrubs are important for
continuity of animal production during a range of seasonal conditions,
including drought.

MATERIALS AND METHODS

The results reported here cover only a small aspect of a sheep grazing trial
conducted over five years to look at many parameters of animal production,
range stability and vegetation response to five different stocking rates on
two range condition sites

This paper reports wool production from each stocking rate over a five year
period from a site with high palatable shrub density (non degraded) and from
one with low shrub densities (degraded).

Location and Site Description
The study area was located on the Boolathana Pastoral Lease (24 °31'S;
113 °42'E) 50 km north of Carnarvon, Western Australia. The site is
classified as Sable Land System (6).

The study area consists of flat alluvial plains with duplex soils making up
57% of the area while sandy banks and rises 0.5 to 3.0 m above the alluvial
plains make up the remaining area. The alluvial plains support a low
chenopod shrubland dominated by Maireana polypterygia and M. platycarpa.
Forbs, grasses and other herbaceous species grow between the shrubs with
rain. M. polypterygia numbers have been drastically reduced while M.

platycarpa has virtually disappeared from degraded areas.

The sandy banks and rises support a very tall, very sparse acacia shrubland
dominated by Acacia sclerosperma with a low shrub understorey of Eremophila
species, Ptilotus obovatus, Scaevola spinescens, Solanum lasiophyllum and
others (6). Herbaceous species are more abundant on degraded areas.

Annual mean rainfall for the study area is 237 mm (Boolathana homestead
record 1897 -1984) More rain falls in winter (median rainfall for April to
September is 155 mm) than summer (median rainfall for October to March is
43 mm). Mean daily minimum and maximum temperatures range from 9.1 °C and
24.2 °C in August to 22.3 °C and 37.2 °C in February, (Brickhouse woolshed
records 24°41'; 113 °48') .

Triaj. Design and Layout

On the basis of palatable chenopod shrub density two separate areas were
selected to represent the Sable Land System in a non -degraded state and a
degraded state.

(Plants /ha) Non degraded Degraded Site
site

M. polypterygia 2 800 240

M. platycarpa 2 400 0

Each area was fenced and subdivided into five paddocks that contained similar
proportions of the sand and duplex units. Paddock sizes ranged from 75 ha to
380 ha and each was stocked with 30 Merino wethers to provide stocking rates
of 1 DSE (dry sheep equivalents) to 2.5, 3.7, 5.6, 8.4 and 12.7 ha on both
sites. In this paper the various stocking rates are referred to as very
heavy (VH), heavy (H), moderate (M) light (L) and very (VL) respectively.
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The recommended stocking rate for this landsystem in good condition is 5

ha /DSE (6) .

Stock watering points were located in the centre of each paddock. The
salinity of water supplied in the non -degraded area was 3,100 mg /1 TSS and in
the degraded area was 3,300 mg /1 TSS.

Three separate drafts of 18 month old Merino wethers were used throughout the

trial. The first draft was used from November 1983 to November 1985, the
second from November 1985 to November 1987 and the third from November 1987

to April 1989.

Sheep were selected from the Boolathana flock which was bred on the property,
shorn, weighed and allocated to the treatment paddocks so that average
weights for each paddock were similar. Sheep remained in their paddocks
unless their liveweight fell below 70% of their commencement weight when the
paddock group was either fed a maintenance ration or removed from the

paddock.

Sheep production and herbage information was recorded at approximately three
monthly intervals from November 1983 to November 1988 as described below.

pasture Measurements,

Vegetation monitoring sites were established at six locations in each

paddock. At each location two permanent transects were located, one on the

duplex unit and on the sand unit.

The total herbage mass (as defined by Hodgson 7) of the non -woody herbaceous
species and the percentage contribution of each of these species was
estimated using double sampling (8) and dry weight ranking (9) techniques.
Depending on site variability, either 20 or 40 0.5 m2 quadrats were recorded
along each transect.

tn September 1987 and 1988 the foliage mass of all perennial plants
(excluding vines) to the average grazing height of 1.2 m was estimated using
he Adelaide technique (10) on two of the transect pairs in each paddock.

Qpimal Measurements

Sheep were weighed following an overnight fast in February, May, August and
Vovember each year (except February 1984). Data are presented as average
liveweight (kg) including wool.

The fleece (including belly wool) for each wether was weighed at shearing in
November each year. The percentage of clean wool was established from mid
ide samples (each 150 -200 g) from ten sheep per group. The average was then
used to calculate the clean scoured fleece weight for each wether in each
group .

The occasional dead sheep were replaced as soon as practicable in order to
maintain required stocking rates, but they were not used in the analysis.

Results from sheep that were injured, obviously ill or flyblown were

excluded.
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RESULTS

gainfall

The monthly rainfall totals for the duration of the trial are shown in Fig.
1. Annual totals are shown in Table 1, together with the decile into which
each total fits (Boolathana homestead records 1897 - 1982).
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Fig. 1 Monthly rainfall totals (mm) for both degraded and non degraded sites
recorded during the trial.The pattern of herbage mass available (kg /ha
dryweight) and of sheep liveweights including wool (kg) on the moderate
stocking rate paddocks (5.6 ha:DSE) on both sites. Vertical arrows represent
sheep replacements.

Table 1. Annual rainfall totals (mm) for each year of the trial for both
degraded and non degraded pasture sites. The decile into which each of these
totals fits (Boolathana homestead records 1987 -1982) is shown in brackets
underneath each annual total.

1984

1985

1986

1987

1988

Degraded Non degraded

485 424
(9 -10) (9 -10)

154 176
(2 -3) (3 -4)

155 172
(2-3) (2-3)

83 88

(0 -1) (0 -1)

172 177
(2 -3) (3 -4)
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Three distinct types of seasonal conditions were encountered during the trial
period.

In 1984 rainfall was 424 mm on the non -degraded site and 485 mm on the
degraded site. This has only been exceeded in four out of the 93 years since
records began. Conversely, in 1987 rainfall was only 88 and 83 mm
respectively. Lower rainfall has again only been recorded on four occasions
in the last 93 years.

Rainfall for the years 1985, 1986, 1988 fell into either decile 2 or 3. The
difference being that 1985 followed a near record good season and 1988
followed a near record drought.

Trial Stockina History¿

Although the trial was designed to impose set stocking rates on the pasture,
in May 1987 it became necessary to handfeed the wethers in the very high
stocking rate paddock on the degraded site as the paddock's feed reserves
could no longer support them. The animals were handfed a maintenance ration
of lupins in the paddock from May 13 to June 19. Average liveweight in this
paddock had dropped from 52.0 kg in November 1986 following shearing to 34.7
kg in May 1987. This paddock clearly could no longer support the required
stocking rate and wool growth for this year was effectively zero.

Following the very low rainfall in 1987 we judged that this paddock would not
be able to support sheep in 1988 and consequently the paddock was not
restocked following November 1987 shearing. It was restocked in November
1988.In March 1988 it became necessary to destock the high stocked paddock on
the degraded site. Liveweights had fallen from 37.3 kg (Nov.1987) to 27.4 kg
(Feb.1988). This paddock was destocked from March 1988 until August 1988 and
wool production in 1988 was therefore effectively zero. Sheep were removed
and fed a maintenance ration of lupins for the period March to August 1988.
They were then returned to the paddock.

In both instances the sheep that were handfed were returned to the paddock,
not to continue measuring their wool production but to continue with the
other aims of the trial, which were to measure the effect of continuous
grazing on the pasture and on range stability.

All paddocks on the non degraded site remained continuously stocked during
the five year period of the trial.

gerbage Mass
Herbage mass ranged from 0 kg /ha to 496 kg /ha on the non -degraded site and
from 1 kg /ha to 1617 kg /ha on the degraded site. The pattern of herbage mass
for the two moderately stocked, paddocks is shown in Fig. 1 as an example of
all ten paddocks.

Herbage mass measurements showed very high levels midway through the first
year of the trial, following very high rainfall and the effect of this lasted
until July 1985. Herbage mass then remained relatively low until October
1988 with minima reached in April 1987 and April 1988.

Except at very low levels ( <10 kg /ha) the amount of herbage mass on the
degraded site was about three to four times that on the non -degraded site.
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perennial Shrub Production
The estimated shrub biomass (kg /ha) available in September 1987 and 1988 is
shown in Table 2. Data are presented for the two most common duplex species,
both palatable and the three most common palatable species on the sand unit.
During the drought almost all the shrub species were browsed to some extent.

The total shrub foliage mass available on the non degraded paddocks was
between 2.5 and 3.3 times higher than on their degraded counterparts except
in the very heavily and heavily stocked paddocks in 1987, when shrub foliage
mass on the non degraded paddocks was 12.5 and 5.3 times higher than the
respective degraded paddocks.

On both degraded and non degraded paddocks much of the available shrub
foliage mass was M. polypterygia. A significant proportion of the total
foliage mass was M. platycarpa on the non degraded paddocks but this was
absent from the degraded site.

Table 2. The estimated shrub foliage mass (kg /ha) available in September
1987 and 1988 for each paddock on non degraded (ND) and degraded (D) pasture
for selected palatable species.

Paddock VH H M L V.L

Stocking rate
ha/DSE 2.5 3.7 5.6 8.4 12.7

ND D ND D ND D ND D ND D

1987

Duplex
Maireana
polypterygia 192 1 209 7 200 81 211 7 386 137

M. platycarpa 31 0 80 0 46 0 188 0 154 0

Sand
Ptilotus obovatus 1 0 1 0 1 0 3 2 25 4

Rhagodia eremaea 4 0 7 5 5 1 1 0 16 3

E.* maitlandií 0 0 0 0 10 0 6 0 12 3

Total 275 22 362 68 3.17 125 561 170 746 251
* Eremophila

1988

Duplex
M. polypterygia 270 56 328 31 353 118 300 84 418 145
M. platycarpa 23 0 102 0 61 0 129 0 166 0

Sand
P. obovatus 8 1 10 4 9 1 15 2 68 11

R. eremaea 37 1 24 35 12 2 5 1 53 6

E. maitiandii 2 2 1 0 17 2 9 0 13 5

Total 459 139 586 195 539 184 617 206 767 262

Sheep Liveweight

The pattern of sheep liveweight (including wool) from November 1983 to
November 1988 is shown in Fig. 1 for the moderately stocked paddocks on both
sites.
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kmual Wool Production

The annual estimated average clean fleece weight for each paddock is shown in
Table 3.

Table 3. The annual estimated clean scoured fleece weights (kg) for the
five stocking rates for both non degraded (ND) and degraded (D) pasture
sites. The data in square brackets are for handfed sheep.

1984 1985 1986 1987 1988
Stocking ND D ND D ND D ND D ND D
Rate

ha/sheep

2.5 4.4 4.3 4.5 4.0 3.7 3.8 3.4 [2.8] 2.8 -

3.7 4.4 4.4 4.5 4.0 4.0 4.3 4.0 3.5 3.3 [2.5]

5.6 4.4 4.5 4.2 4.0 3.9 4.4 3.7 4.1 3.5 3.2
8.4 4.5 3.9 4.5 3.8 4.3 4.3 4.1 4.0 3.6 3.5
12.7 4.3 4.4 4.3 3.9 4.0 4.3 4.3 3.9 3.8 3.8

In 1984 average clean wool production from the non degraded site was 4.4 kg
and from the degraded site was 4.3 kg. There were no effects due to either
stocking rate or condition. There were again no stocking rate effects found
in 1985 but the average wool cut on the non degraded site was 4.4 kg compared
to 3.9 kg from the degraded site.

By 1986 there were again no obvious stocking rate effects, although wool
production from both very heavy stocked paddocks was low. Average wool
production from the degraded site was 4.2 kg and from the non degraded site
CO kg. In 1987 and 1988 there is some evidence of stocking rate effects
becoming apparent,but the major results were that lack of production on the
degraded site from the very heavy stocked paddock in 1987 and 1988 and from
the heavy stocked paddock in 1988 meant that wool production from the non
degraded site was higher than from the degraded site.
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figure 2. Total wool production (kg /paddock) recorded from each paddock for
ill years pooled.

The net effect over the trial period is shown in Fig.2 Total clean wool
production from each of the paddocks over five years was calculated by
multiplying the mean clean wool cut by 30 sheep per paddock over five years
and is expressed as kg /paddock. Total clean wool production ranged from 363
kg for the very heavily stocked paddock on the degraded site to 630 kg from
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the lightly stocked paddock on the non degraded site. There was no
difference in wool production over the five years of the trial between non -
degraded and degraded paddocks for the moderate to very lightly stocked pairs
of paddocks, combined.

DISCUSSION

Our results show that total wool production over five years was higher from
the paddocks containing high densities of palatable shrubs compared to those
containing low densities, but only at high stocking rates.

At moderate to low stocking rates, total wool production from the degraded
and non degraded paddocks was similar. Due to poor seasonal conditions the
very heavy and heavy stocking rate paddocks on the degraded site could not
support animal production at the required stocking rates for the full five
years. By contrast the other paddocks supported continuous sheep grazing
over the entire trial period.

The two sites used in the trial differed in the composition of the pasture
that each produced. The degraded paddocks produced about three to four times
the herbage mass of the equivalent non degraded paddocks generally. By
contrast, the non degraded paddocks produced comparatively large quantities
of palatable shrub biomass which enabled them to remain continously stocked
while their degraded counterparts had to be destocked and the animals hand
fed to prevent their deaths. Because there was little shrub drought reserve
on the degraded site, the animals simply ran out of feed during the drought.

Those animals grazing at more conservative stocking rates in the degraded
paddocks found sufficient feed reserves to maintain bodyweight similar to
those in the non degraded paddocks. In the degraded paddocks at conservative
stocking rates palatable shrub biomass was available through the drought and
greatly contributed to the ability of these paddocks to support continuous
animal production.

In the non degraded paddocks, the shrub drought reserve provided sufficient
forage to maintain continuity of production from all stocking rates even
though there was no available herbage in both April 1987 and 1988. Whilst we
acknowledge that high stocking rates were maintained on the non degraded site
through the drought and wool production from these paddocks was continuous,
we do not suggest that range condition was maintained in these paddocks.
Observations and data still to be presented suggest that there was a decline
in range condition in some continuously stocked paddocks from 1983 to 1988.

There were no consistent trends in reasonable to good seasons in the ability
of either site to produce wool. The conclusion to be drawn is that high
densities of palatable shrubs are only important for ensuring continuity of
animal production in those years when rainfall is insufficient to produce
adequate herbage mass.

Diet composition and quality work by various authors in chenopod shrublands
of various pasture conditions has shown that sheep are able to maintain
adequate nutritional intake by being highly selective of the different types
of feed on offer. (1,3,11). However this mechanism can only operate while
sufficient feed reserves are available. The most highly tuned foraging
behaviour cannot provide an adequate nutritional intake when there is nothing
left to eat.
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Trials from western New South Wales (1, 2, 3) have not shown any productive
advantage from areas containing high densities of chenopod shrubs compared to
low densities. These studies, however have been on sites showing smaller
shrub density differentials between degraded and non degraded sites and did
not encounter seasonal /stocking rate combinations sufficient to force the
destocking of any treatment paddocks. The advantage in having shrubland
pasture in good range condition may lie in the inherent stability rather than
the productive elements of the vegetation. The shorter lived plants that
replace the shrubs may be no less productive, given adequate seasonal and
stocking conditions than the shrubs they replace (5).

The results from this trial demonstrate that high densities of palatable
shrubs are important for continuity of sheep production, through a range of
seasonal conditions, including drought and particularly at higher stocking
rates.
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WATERS AND THE PATTERNS OF ANIMAL USE.

D.M.Stafford Smith

CSIRO Division of Wildlife & Ecology
P.O.Box 2111, Alice Springs, NT 0871.

ABSTRACT

Most rangelands users are well aware of the crucial role played by the
quality and location of waterpoints in pastoral paddocks. Research over
recent years has helped us to quantify this role. Today we can predict the
general patterns of long term grazing distribution in most paddocks, and use
these predictions both to suggest general paddock planning principles and to
help plan individual paddocks. For example, we can indicate what the minimum
distances ought to be between waterpoints and fencelines. The distribution
patterns have implications both for the productivity of stock, and for
reducing the risk of land degradation in the rangelands.

INTRODUCTION

Grazing animals do not use their ranges evenly. Factors such as preferred
vegetation types, wind directions and paddock design all combine to cause
heavier grazing pressure in some areas than others (1). If this lack of
evenness is too excessive, the areas of high use either risk degradation, or
demand so low a stocking rate that most of the paddock is unused. As a
consequence, there is a need for managers to try to even out the patterns of
grazing impact. For this to be done sensibly, we need to know first what the
quantitative effect of different paddock designs will be on evenness, and
second what effect an altered paddock design is likely to have on economic
costs and returns.

In this paper, I shall briefly review previous work on grazing distributions,
and describe recently -developed methods of ascertaining the likely
distribution of grazing pressure in a particular paddock design. I shall then
develop a random -walk model to show that a considerable part of the impact of
sheep distributions can be based on some very simple assumptions about sheep
behaviour, and seek to use this model to derive some general principles for
paddock design which may be widely useful. Finally, I shall mention how these
principles might be applied to the individual paddocks with which managers
must deal, and return to the need for economic interpretation.

HOW CAN WE PREDICT GRAZING DISTRIBUTIONS ?

Any observant manager knows that sheep and cattle grazing patterns are
affected by many factors. Only a few of these factors are amenable to
manipulation in attempts to improve the evenness of use. The natural features
of the landscape - vegetation types, hills, natural waters, and so on - as
well imposed climatic features - wind, rain and temperature - cannot usually
be altered and must be managed for. Most animals need to water at least once
a day during summer months in most parts of Australia; this need is
intensified during drought times, when the palatable perennial component of
the vegetation also comes under pressure. Consequently, the location of water
is the single most important determinant of the distribution of grazing
pressure (e.g. 2, 3). The quality of water, the location of fencelines, and
other special attractions such as licks, can also usually be adjusted by
management.
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Whilst the observation that these features are important is useful, it does
not provide any quantitative information about how to plan a particular
paddock. There are powerful economic and practical reasons for placing waters
in particular locations - on fences to water more than one paddock, in
drainage lines to allow dams to fill, or in locations where bores have been
successful. In the past, these practical factors have been paramount, and
many waters have been poorly located from an ecological perspective. Today,
the use of polythene piping allows flexibility in the exact location of a
water trough (as opposed to the source from which it is derived).
Additionally, in some areas, new fence developments, or the replacement of
old decaying fences, allows managers to consider whether these are located
sensibly.

Consequently, we need methods of objectively and quantitatively predicting
the effects of different paddock layouts on grazing distributions. This
section discusses the more technical aspects of how this can be done - some
readers may wish to skip on to the next section.

Early models.

The earliest approaches to predicting animal distributions came as spin -offs
from complex whole system models (4, 5, 6). This was a clumsy, expensive and
inappropriate way of obtaining distributions, and alternative methods using
regression models were soon developed (7, 1). I have previously reviewed
these (1), but, in brief, they depend on obtaining information on sheep or
cattle distributions for some paddock, modelling the pattern in terms of
natural and artificial features in the paddock, and then transferring the
model to other paddocks to predict the expected patterns there (Fig. 1). The
original (and validation) distributions can be obtained from direct
observation and mapping of animals (on the ground for sheep, and from the air
for cattle), or by using dung surveys as pioneered by Lange (8). The models
were usually derived by multiple regression using relatively simplified
transformations of the descriptive paddock features (7, 1).

In Paddock 1: Map animal usage

Map paddock features

Divide paddock into grid

Use multiple regression techniques to predict
activity level in each grid cell on the basis
of paddock features

In Paddock 2: Map paddock features

Divide paddock into grid

Predict pattern using model from paddock 1,
and check correctness

Now use model to test alternative layouts, etc.

Fig. 1. The basic process of obtaining a generalisable model of animal
distributions.
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This approach is difficult to generalise for different wind conditions,
salinities, and vegetation types, unless many paddocks from different areas
are used for modelling; this has gradually been done. Also, some
physiological understanding of how often animals must return to water was
needed to improve the models (1). Despite these limitations, the method has
helped identify factors of potential significance (Table 1), and highlight
the most important.

Table 1. Factors shown to be potentially important in animal distributions -
different factors are more important in different areas and for different
animal species.

Location of: water (in relation to other factors)
fencelines (layout, paddock size, etc)
shade
night -time campsites
preferred vegetation
barriers like hills
special attractions like licks

Quality of: water (esp. salinity)
vegetation (water content, salt, etc)

Climate, etc: wind directions
temperatures
wool length (i.e. time of shearing)

Newer approaches.

In recent years, the simple approach has been improved. The data collection
phase for animal distributions is being revolutionised by satellite inform-
ation. Direct observations of dung surveys are labour intensive to carry out,
and with large paddock, especially with the greater ranging ability of cattle,
observations become statistically unreliable due to the small proportion of a
paddock that can be surveyed. Satellite information is more limited in avail-
able time periods, but permits the comprehensive, fast coverage of a much
larger area.

The approach was devised by Pickup and Chewings (9), and, in brief, involves
obtaining a satellite image soon after a good rain, then another a few months
later; the difference between the two images at any point represents the
natural decay process on the landscape plus grazing effects. The change due
to natural decay (including grazing by animals such as kangaroos which may be
unrelated to distance to water) can be estimated for each vegetation type as
the change far from water, so the remaining pattern is the change due to
grazing. This must be assessed for each vegetation type separately, since
each may have different response curves. The approach has been successfully
used in central Australia for cattle, and is now being applied over a wide
area of Western Australia to confirm its utility in sheep lands. Apart from
problema common to all satellite data such sun angle corrections, the
method's major limitation is the requirement for a simple rainfall- induced
growth and grazing pulse where subsidiary rains do not introduce too much
noise. However, this still provides ample opportunities for devising and
validating distribution models.

The second stage of the prediction process - that of deriving models from the
observed distributions - has also advanced. Pickup and Chewings (9) have used
simple analog models to successfully capture the main distribution patterns
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for cattle. These are even less biologically- derived than the early
regression models, but their parameters are amenable to some biological
interpretation. The fact that a considerable component of the distributions
can be explained so simply is taken up further in the next section of this
paper.

The limitation of these analog models is that, because they lack biological
derivation, they cannot easily be transferred to new situations since factors
such water salinity and wind directions are not easily incorporated in them.
There has therefore been considerable interest in trying to develop the links
between such simple models (and the early regression models) and the detailed
understanding of sheep behaviour represented by early process models. This
has led to models which incorporate the recognition that the distance
travelled over by sheep is dependent on the time that a single drink lasts; a
simple model of sheep water balance can then give considerable insights into
their response patterns (1). Additionally, a better understanding of the ways
in which they move across the landscape and respond to vegetation density can
help interpret how adequate the simple analog models really are (see next
section). Finally, some new rule -based approaches based on classification
trees and the CART methodology (10) are being assessed and look promising,
but there are no results available from these as yet.

As with any scientific work, developing an understanding is only one part of
the problem - the development of a method for delivering that understanding
to managers is at least as important. Models are of little value to managers
directly, and the RANGEPACK project (11) has been developing a paddock design
tool called Paddock to help managers use these models. Although a prototype
using the earlier models has been available for years, the more fully
validated version is expected to be available early in 1991.

MODELLING SHEEP AS RANDOM WALKERS

As mentioned in the previous section, a surprisingly large amount of the
long -term patterns of animal distributions can be accounted for by simple
analog models based on distance from water. In this section, I examine why
this is so by showing how many of the patterns we see in real life can be
simulated using a random walk model. I focus on sheep in this section, but
similar findings could be repeated for cattle. This does not necessarily
imply that sheep are always walking randomly (despite their reputation for
intelligence !), but it does show why it is not sensible to try to explain
patterns with complex models when simple ones will largely suffice.

Methods.

I have simulated a notional square paddock which is broken up into a 200x200
set of grid cells. Each day the sheep are assumed to start from the water -
point cell, the position of which can be altered; at each timestep, the sheep
basically move at random to one of the 8 cells surrounding their present
position. If the new position would be outside the 'fence', they move to the
nearest cell which is inside the paddock. After 1,000 time units, they start
again at the waterpoint, so I ignore the action of returning to the water.
This process is repeated for 1,000 days, and the total number of times that
they enter each cell is counted.

A basic random walk does not really require simulation, since it can be
solved analytically for a distribution with respect to distance to water (d)
of the form activity = exp( -d), if the effect of the closed fenceline is
ignored. However, we know that at least two additional effects must be
happening in the real landscape. First, sheep tend to walk in to the wind,
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and, second, they will spend less time in areas which have previously been
grazed out.

The effect of wind.

The effect of wind is incorporated by assuming that, on moving from each
cell, sheep are slightly more likely to move into the direction of the day's
wind than away from it. On any given day, a wind direction is therefore
randomly selected from the known wind rose, and then the probability
distribution shown in Table 2(a) is applied relative to this direction;
there is limited justification for this particular distribution but it has
worked in previous process models (5, 6). Most of the examples shown below
were simulated for an even wind rose (i.e.. 0.125 probability of each wind
direction), but some use a wind rose which is biased to south (Table 2(b)) as
a simplified ideal of reality in southern Australia.

Tabla 2. Probability distributions (a) for movement in relation to
prevailing wind direction and (b) for a south -dominated wind rose used in

some simulations.

(a) (b)

Back 3 octants 0.110 NW 0.05
Back 2 octants 0.110 N 0.05
Back 1 octant 0.125 NE 0.05
Into wind 0.200 E 0.10

Veer 1 octant 0.125 SE 0.15
Veer 2 octants 0.110 S 0.35
Veer 3 octants 0.110 SW 0.15
With wind 0.110 W 0.10

Feedback due to previous use

The effect of vegetation impact is incorporated by assuming that the more
time units that sheep have spent in a given cell, the more likely it is that
Out cell has become less preferred to the sheep (either because this year's
growth has been removed in the short term, or because long term vegetation
changes have taken place). Previous work (6) has indicated that when they are
carrying out at least a little grazing, sheep walk at speeds between 0.15 and
2.5 km /h; the same study found some evidence for the speed of movement being
dependant on vegetation density. For the simulation, therefore, the speed of
movement through a cell is assumed to be minimal until at least 25 visits,
and then to increase linearly to a maximum at 200 visits, thereafter
stabilising at the maximum speed. This is effectively saying that after 25
visits the quality of the pasture starts to deteriorate, but that after 200
visits, sheep cannot move through it any faster than some maximum speed.
These speeds are adjusted in the simulation to suit the paddock size
concerned.

The results of the simulations are reported in two ways. First, the pattern
of use across the paddock over the 1,000 days can be said to represent a long
term pattern of impact and therefore potential vegetation change in the
paddock; the evenness of this is shown by a histogram of the number of cells
in which there has been different levels of use (not included in this paper).
Second, the pattern of use in days 800 -1,000 is representative of the use by
the sheep after the changes have taken place - i.e. simulates present day
usage in an area where the total pattern has developed over a long time;
again the evenness of this can be assessed from a histogram.
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Results.

The results of the simulation are remarkably realistic. Fig.2 shows the long
and short term patterns resulting for a centrally located water with
southerly winds dominating; similar patterns can readily be found in real
simple vegetation types, as illustrated by Fig.3 which compares the long term
patterns observed around a real fenceline water from satellite on a area of
the Nullarbor Plain in Western Australia with a simulated one. The substrate
of the Nullarbor is bright limestone, so that relatively small changes in the
cover of the normally dominant chenopod shrubs (primarily saltbush, Atriplex
vesicaria, and bluebush, Maireana sedifolia) show up very clearly from
satellite. The precise details of the two patterns are not identical (partly
due to differences in the exact location of the real fencelines), but it is
notable that the simulation produces apparent fingers of extra usage which
are similar to those to be found in the real image. In the absence of the
simulation, one would probably assume that resulted from special vegetation
types, or other attractants, but the simulation generates them merely from
random behaviour.

By themselves, these results do not constitute a proper validation of this
simulation approach. However, they do illustrate the important point that too
much effort in land -based interpretation of the animal distributions could be
entirely counter -productive - a large proportion of the pattern in these
cases is explained by this simple random walk model modified only by wind
directions and vegetation density as measured by previous grazing activity.
Although greater accuracy might be produced by understanding the vegetation
selection better, the effort necessary might be out of all proportion to the
improvement in predictive ability. Even this simple model can give us a way
to make important management recommendations, as the next section now shows.

Fig.2. Predicted patterns of activity for (left) all 1,000 days, and (right)
during the last 200 of these, for a random walk model from a centrally -
located water in a uniform paddock subject to a southerly wind pattern (Table
2); the 200x200 cells in the paddock have been agglomerated into 40x40, and
the area of the square in each resulting cell is proportional to the activity
level predicted there.
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Fig.3. Patterns of activity as determined for a waterpoint on a western
fence (left) from reflectance changes in Landsat imagery of an area on the
Nullarbor Plain, and (right) from random walk simulations subject to a
southerly wind pattern. See Fig.2 for method of display.

HOW FAR FROM FENCELINES AND CORNERS SHOULD WATERS BE ?

Despite the obvious simplicity of the random walk simulation model outlined
in the previous section, it can be used to look quantitatively at the
predicted patterns of grazing impact for different waterpoint locations. The
issues revolve around the fact that it often appears cheaper to build water
on fences to water two paddocks at once, or even in corners to water four;
this has been a common paddock design historically, but many managers are
having second thoughts about the obvious grazing pressure that this puts on
the approaches to the waterpoint. They may now wish to use polythene piping
to move the water away from the fence. The question is, though, what distance
from the fence will achieve the best cost /benefit from the re- location ? This
simulation model can assist by showing the expected pattern for different
distances, although managers must still interpret this in terms of the
salinity of their waters and vegetation, their particular paddock design, and
their own economics. I shall examine only a couple of these issues here, but
future work will look at these questions in more detail.

Methods.

The simulations described in the previous section were repeated using an even
wind distribution with the waterpoint located at every 5th cell position
between the middle of the western fence and the centre of the paddock, and at
every 5th cell position between the northwest corner and the centre of the
paddock (Fig.4). Note that these patterns cannot be solved analytically due
to the fenceline effects. Although only a single 1,000 day simulation is used
for each of these, the patterns were reasonably stabilised. A measure of the
unevenness of usage is provided by the standard deviation of the activity
levels in each cell - this tends to be greater as a larger proportion of
cells are either unused or used very heavily, as occurs with waters close to
the fence: for a paddock which was used perfectly evenly, this measure would
be zero. This measure is shown plotted against the distance from the western
fence (thus for the corner simulations, the plotted distance is 0.707 times
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shorter than the length of piping which would be needed to move the water
from the corner itself).

Figure 4.Schematic illustrating the
waterpoint locations tested for
Fig.5. An even wind distribution was
used, so that the patterns would be
less extreme for waterpoints which
are on a fence or in a corner that is
on the upwind side of the paddock,
and more extreme for one on the
downwind side.

Results and discussion.

As can be seen in Fig.5, the lack of evenness in the grazing distributions
eventually falls off as the water is moved away from the fence or corner.

30

20

lo

o

from NW corner

from W fence

20 40 60 80 100

Distance from fenceline

Fig.5. Predicted evenness of use df -a paddock simulated with one waterpoint
at various distances from its western fence, as measured by the standard
deviation of total activity levels in all cells in the paddock; the 200x200
cell paddock was simulated for 1000 days with an even wind rose for each
water location. The water locations are shown in Fig.4; distance from the
fenceline is measured in cells (see text below for further discussion of real
scale) .

The absolute values shown mean little, but the relative values are important
- they show that the standard deviation of cell use can be more than halved
by moving waters about 40 cells into the paddock, for the assumptions used
here. They indicate that it is much easier to improve the evenness of use for
waters on straight fences than for waters in corners, and that the latter
need to be moved out further for the same improvement. It is also notable
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that no real gain at all is to be made until the water has been moved at
least 20 cells. Other measures of use are also important - for example, the
proportion of cells which are used heavily, the proportion which are not used
at all, and so on. All of these data are also available and generally show
the same patterns and approximate magnitudes of improvement as the standard
deviation.

So far, no mention has been made of what the absolute size of a cell is, and,
therefore, just what 40 cells width of polythene piping might be. This was
deliberate, since the absolute figure depends on factors such as the salinity
of the water and fodder, and the total size of a paddock; the main purpose of
this study was to show that moving waters away from a fence can easily have a
major impact on distribution patterns. However, with low salinity levels in a
simple paddock which is about 5km square, 40 cells represent about 1 km. For
saline waters, the distance would be less because the effective 'grazing
area' is less (see 3), but the area accessed is correspondingly less.

If the impact around water is evened out, pastoralists stand to gain in at
least three ways. Areas of local degradation around the water (the so- called
'sacrifice zone') are made smaller; the animals have to walk less far to find
some feed; and in drought times, feed is likely to persist longer. All of
these could lead to improved animal production, as long as the gains are not
destroyed by substantial increases in stocking rate. Furthermore, the
reduction in the size of the degraded area around water has indirect values,
such as reducing the problems of dirty wool. In summary, even small
investments in polythene piping can have substantial effects on reducing
degradation and improving production.

CONCLUSIONS

The random walk model used above is really too simple - it does not account
for salinity, which effectively re- scales the simulated paddock, and it is
not a very efficient way of assessing new layouts. Nonetheless, it delivers
two important messages - to managers, that waters on fences and in corners
are not a good idea, and that they can be improved by relatively small
amounts of piping; and to scientists, that a large part of what appears to be
very complex grazing patterns for sheep (and cattle) can be explained by
simple models.

The challenge now is to identify the aspects of grazing distributions which
really do need more detail than a simple model can provide. The effects of
salinity have been previously mentioned and can be dealt with easily on a
physiological basis. The effects of preferred vegetation types are
undoubtedly another matter for concern, which can hopefully be addressed with
satellite technology. An amalgam of the various models reviewed earlier in
this paper should prove capable of meeting this challenge.

Equally important, however, is the need to turn these models into useful
information for managers. Whilst the cost of putting in a kilometre of
polythene piping is easily calculated, we also require a better understanding
of the possible economic benefits of improved evenness of grazing. Managers
need to start to keep production figures on a paddock by paddock basis on
their properties so that they can start to develop this understanding. It
is to be hoped that the second phase of the current WADA -CSIRO project will
also help to obtain these records.
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Finally, of course, the results must be made available to other managers.
The RANGEPACK Paddock prototype paddock design module is on display elsewhere
at this conference, and may be a useful vehicle for this endeavour.
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ABSTRACT

Self mustering of sheep by trapping on water is a management alternative
which producers can use to reduce mustering costs, sheep stress and the
amount of skilled labour required and to improve mustering efficiency. Self
mustering requires control of stock waters, two -way spear trap gates and well
planned and constructed facilities. The Bettini, Spring Hill and Charleville
spear trap gates can be used in an effective sheep self mustering system.

INTRODUCTION

Clean musters are a prerequisite for successful sheep husbandry. Mustering
sheep from large or timbered paddocks by traditional means is inefficient,
time consuming and expensive, requires skilled labour and stresses the sheep.
Self mustering is an efficient, low cost alternative.

Self mustering by trapping on water has been used for many years. While the
practice has not been widely adopted, recent developments for self mustering
provide opportunities for producers to plan strategies applicable to their
individual property. These developments make self mustering of sheep
relevant to many producers in the semi -arid and arid rangelands of Australia.

METHODS

Observations were made of self mustering of sheep by trapping on water at
Croxdale Research Station and on commercial properties in the Charleville
district of south -west Queensland. The paddocks were heavily timbered with
mulga (Acacia aneura), cypress pine (Callitris columellaris), ironbark
(Eucalyptus melanophloia) or poplar box (Eucalyptus populnea).

The paddocks were watered by a single point water, either a trough or a dam.
Other watering points, if available, were either fenced to exclude livestock
or if troughs, turned off and drained. Each water was securely fenced and
trap gates installed. Another gate for ease of access to the water yard was
also normally available. In most situations a holding paddock was adjacent
to the water yard.

A mixture of sheep but mainly wethers or mixed sex weaners were used in the
observations. To avoid losses, it was essential for the sheep to be trained
to use the traps. The training period was normally of one to two weeks
duration.

Three trap gates were evaluated. These were the Bettini (1), Charleville (2)
and Spring Hill (3) designs. All are of the double swinging side spear gate
type (4) .
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RESULTS

Sheep
class

wethers

weaners

wethers

wethers

wethers

Table 1. Bettini sheep trap gate - trapping efficiency

Training
(days)

Days after trap set
and sheep trapped

2 3 4 6

Sheep
into

paddock

Comments

wethers

trained

12

trained °

trained

not
recorded

not
recorded

191

127 127 196

nil nil 40 187

196

nil nil nil nil

462

188 3 strangers

200 4 killed by dogs

192 heavy rain on day
prior to trap set

192 4 strangers, light
rain day 1

462 sheep not
watering - abundant
forbs

462

Table 2. Spring Hill spear trap - trapping efficiency

Sheep
class

Training
(days)

Days after trap set
and sheep trapped

2 3 4 6

Sheep
into

paddock

Comments

wethers

wethers

not recorded

not recorded

520

468

528

472

Table 3. Charleville sheep trap gate - trapping efficiency

Sheep
class

Training
(days)

weaners 16

wethers

wethers

trained

trained

Days after trap set
and sheep trapped

2 3 4 6 8

12 99 193

413 420 448

174 183

46

Sheep
into

paddock

196

Comments

rain day 1, 3

outside
trap day 4

454 trap set to day 16
and 4 mustered

191 9 escaped day 2



DISCUSSION

"Early this month I gave a local grazer a hand to muster some wethers for
crutching.

Two of the paddocks had traps on the waters. An easy ride out to the trap,
let the sheep out and quietly move them to the yards - no worries, a pleasant
few hours.

The other paddocks were mustered conventionally. Hours spent looking for the
sheep, mad dashes to turn them, sticks flying, the bike doing its best to
offload me and the occasional curse. I know what I prefer. How about you?

This excerpt from the editorial of the September 1988 edition of the 'Mulga
Line', a QDPI newsletter for producers in south -west Queensland, highlights
many of the benefits of self mustering.

The high cost of traditional mustering and the lack of skilled labour has
been identified as affecting the viability and profitability of the wool
industry (5). The industry has responded by the adoption of new technologies
(6) including the use of helicopters, aeroplanes and ultralights for
spotting; motorbikes for improved ground mobility; radios for improved
communication and portable yards and laneways for ease of handling. Self
mustering of sheep by trapping on water is an alternative that producers can
use to improve the efficiency and to reduce the cost of mustering. Sheep
traps have been available for many years (7) but self mustering has not
previously been widely adopted.

Effective self mustering requires control of stock waters, two -way
permanently set spear trap gates and well made facilities (8) (9). Stock
water control is the key. All waters including small, nuisance waters should
be controlled by fencing. Following rainfall, temporary surface waters can
reduce the efficiency of the system. However, the provision of additional
lures such as supplements or salt licks at the permanent water can assist in
overcoming this problem (8) .

Access to the water by sheep is only gained through the spears. To muster the
sheep, the exit spear trap gate is closed. However, some producers prefer to
have another gate, in close association with the spear trap gates, through
which the sheep enter and leave the water yard for most of the year (10).
Before mustering this gate is closed and the sheep are required to use the
spear trap gates which initially are opened wide. When the sheep are to be
mustered the entry spear trap gate is narrowed and the exit spear trap gate
closed.

Many different types of spear trap gates are available (4). The
characteristics of a desirable spear trap gate have been defined as a simple
design and construction, strength, ease of adjustment, walk in - walk out and
the option of portability (9). Our observations would suggest that
durability, ability to use with sheep, goats and cattle and safety are also
desirable characteristics.

While the Bettini spear trap gate is too low and not strong enough to use
with cattle, it has been readily used by both sheep and goats. Mustering
efficiencies of 100% in two days have been reported from Western Australia
between November and April (9). In our observations mustering efficiencies
varied from 0 to 100% (Table 1). When alternative surface waters or abundant
(orbs with a high moisture content were available, mustering efficiency was
lowered. However, in most observations all sheep were mustered within four
days of the commencement of trapping with the majority of these in the first
two days. Maximum flow rates through the Bettini of 65 to 70 sheep per
minute have been recorded (11) .
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Photograph I. Bettini sheep trap gate - current model demonstrated by sen
, ï:..... ..

. ..,author. .
.

. . ,

The .Bettini :`Mark 2 as described in (1) has been modified as a result of our
observations. A recent model of the Bettini sheep trap gate is illustrated.
(Photograph 1). "These modifications were required to make the spear trap
gate lighter, more durable and portable and to improve the ease of adjustmen
of the spears. The end pivot has been replaced with two 5 cm collars (25 mn
galvanised` pipe) to which an 80 cm length of angle iron (25 mm x 3 mm) i;s

welded. The spears are mounted on this angle iron. The two central spears
have been strengthened with a 25 cm length of mild steel rod, at the terminal
end of the ,spear,. ; to prevent : bending. The slide adjustment has been replaced
with a 4 cm section of galvanised ° pipe (25 mm) , to which a 12 mm nut has been
welded over a hole cut in the pipe section. A 12 mm bolt, 50 mm in length,
its threaded through this nut and when tightened by hand, the spears are
locked in position. To the top of the bolt a 6 cm length of light rod (we

.

used a piece of weldmesh) is welded.

The outside galvanised pipe frame, originally 25 mm, has been reduced in
gauge to 19 mm to further reduce the weight. To improve portability, the t
halves of the Bettini sheep trap gate have been split and joined using a 19
mm barrel union. Spacings between spears of 18 cm have been used, with the
bottom spear 10 dm from the outside frame.

The Spring Hill spear trap is illustrated (Photograph 2). This design was
developed by Mr Andrew Drysdale 'Spring Hill' Charlevihle. In 1985, despite
careful mustering by two men on motorbikes approximately '`500 of `6,000 sheep
were missed.:.. Similar mustering efficiencies are common in large paddocks
heavily timbered with mulga, if aerial spotting is not undertaken (12) .

As a result, Spring Hill spear traps were constructed, in three paddocks. ßìt=

a subsequent muster, in October of the same year, all sheep in these paddock
were mustered either inside or at the entrance to the traps. -Since that
time similar mustering efficiencies have been obtained (10)

The Spring Hill spear trap is not portable but is suitable for use with shE
(Table 2), goats and cattle. Horses have also successfully used this
trap (13) . The Spring Hill design as described in (3) has been modified a
result of our observations. These modifications were required to decrease

material and labour required in assembly and to improve the safety .



Photograph 2. Spring Hill sheep trap - Croxdale Research Station.

The original spears consisted of two steel fencing pickets welded lengthwise
to form a three metre spear have been replaced with a single steel fence
picket, 2.4 m in length. The overhead rail assembly from which the spears
are suspended has been simplified to eliminate the corners behind the spears
in which sheep may get caught. Five spears are used either side of each
spear assembly with 14 cm from the ground to the bottom spear then 14, 17, 21
and 31 cm between subsequent spears. At ground level in each gateway a 2 m
rail is laid to prevent the erosion of deep pads through the spear trap.

Photograph 3. Charleville sheep trap gate - current model demonstrated by
senior author.

The Charleville spear trap gate is illustrated (Photograph 3). This trap
gate, based on an original design (2) developed by Mr Don Ziesemer 'Dungowan'
Morven (14), has been extensively modified as a consequence of our
observations. The modified design is wider than the original, the spear
mounts are more durable and the spear trap gate more readily accepted by
sheep. The width of the spear trap gate has been extended to 58 cm which
required the spears to be lengthened to 30 cm. The spear mounts have been
changed to be similar to the Hirst short arm spear gate for cattle (8).
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Early models of the Charleville spear trap gate were less preferred by sheep
than the Bettini spear trap gate. In addition more sheep (8% vs 3 %)
hesitated before using the Charleville spear trap gate (11). However, once
the sheep were trained to use the Charleville spear trap gate similar (Table
3) mustering efficiencies were obtained. Maximum flow rates of 30 to 35
sheep per minute have been recorded (11). The Charleville spear trap gate is
not suitable for use with cattle.

Well made and planned facilities are required to successfully use a system of
self mustering. Each trap should consist of a small water yard with an
associated fenced off holding paddock. When mustering, the gate from the
water yard into the holding paddock is opened. The sheep thus have access to
feed, water and shade and as a consequence the stress of mustering is
minimal. The size of the holding paddock is determined by the number of
sheep watering, the number of times the sheep are to be mustered each year
and the normal length of time between the commencement of trapping and the
removal of the sheep.

Good fencing is required. Fences with six plain wires and post spacings of
10 m with three droppers have been reported as adequate in most situations
(9). However, light gauge weldmesh may be required if considerable numbers
of goats are to be trapped (9). In our observations, ringlock fences were
successfully used with both sheep and goats. The trap gate should be placed
so that sheep have a clear view of the water (11). Thus, the direction that
the sheep normally come in from the paddock should be considered.

To further increase efficiency, strategically located laneways and portable
yards are of immense value to a self mustering system (9).

With any of the spear trap gate designs, training is required to maximise
mustering efficiency and to minimise any risk of 'non- trappers' perishing.
Training periods of two to four weeks duration have been proposed (9). In
our observations, training periods were only one to two weeks. The spear
trap gates were initially opened wide (Bettini and Spring Hill) or the spears
removed (Charleville). The spear trap gates were then gradually narrowed or
the spears sequentially attached.
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ABSTRACT

DEVELOPING COMPLEMENTARY LIVESTOCK INDUSTRIES

ÿl(} 5b,lla,

George R Wilson

Animal Resources Branch
Bureau Rural Resources

GPO Box 858
Canberra ACT 2601

Although Australia's traditional animal industries are very important,
contributing some perbillion to the national economy, a number of species
are proposed here as complementary to existing livestock. By using these
species graziers can increase diversity, shield their enterprises from
fluctuations in markets and provide benefits to the environment. In many
cases greater use of native species such as kangaroos would allow graziers
to carry fewer livestock exotic to Australia. However they should also
consider making greater use of species such as camels, buffalo, rabbits and
goats, and review the options of importing others such as alpacas and llama;
to appropriate environments.

There is a huge international market for venison and unusual wild animal
products. Adoption of game and alternative species would enable the
development of uniquely Australian products that lend themselves to clever
marketing. The meat is lean, contains little cholesterol and has different
tastes. The leather is of the highest quality.

INTRODUCTION

Australia has gross economic problems which are closely linked to
productivity and export earnings. We are spending more at the international
marketplace than we earn and so we have to keep borrowing. Increasing
production and becoming more efficient are two solutions. The existing
livestock industries are very important in the process, generating some $23;
billion of farm income and earning 40% of our export revenue. There are
also massive multiplier effects for the economy. Local inputs by farmers
amounted to some $17.5 billion in 1988/89. Thus livestock industries are a
major contributor to employment and activity in the nation's service and
manufacturing industries, sustaining an estimated one million jobs in the
urban centres where most Australians live.

Relying on the established animal industries however is only part of the
solution to our problems and underestimates other options. Diversity and
innovation are essential. There is substantial potential for using
alternative animal resources, both native and exotic animal species already
in the country and new species from overseas. It is the purpose of this
paper to discuss some of these options for rangelands, and to address the
biological and social constraints of using them, including some of the
philosophical and practical problems that attend the farming of wild
animals.

MANAGEMENT OF ANIMAL RESOURCES

Management is the task of modifying and improving the environment to provid
the basic requirements of preferred species, to exclude competition and
where possible to manipulate the quality of the product. The commercially
successful species are likely to have a high fecundity, a high rate of
increase and the ability to tolerate a high degree of environmental
variability, particularly variations in temperature, moisture availability,
and food quality and quantity. They should also be resistant to predators, !
disease and parasites. In an ecological sense they are likely to be
invaders and able to disperse readily and take up a fundamental niche which
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is broad, that is, they are generalists. They thus have many of the
attributes (1) of prospective pests and need to be watched from this
perspective.

Research on cattle is being conducted to modify them and make them produce
more in the Australian environment. Ironically sdine of the currently
"undesirable" traits such as low metabolic rate and low food intake assist
cattle such as the Brahman to survive in poor grazing conditions. These
traits are adaptations to stress but they also stop them from taking full
advantage of the abundant pasture that occurs in the wet season in tropical
Australia. Fertility of Brahman cattle is also relatively poor, possibly
due to conflict between productive and adaptive characters. Perhaps,
however, animal production research should concentrate less on manipulating
the established species, and more on the availability of the basic pasture
resource, while also defining the attributes of alternative species and
their suitability for the Australian environment.

NEW LIVESTOCK FROM OVERSEAS

Any new livestock enterprise that brings animals from overseas should take
into account both the suitability of the species for the Australian
environment and any threat which it might pose if it escaped. Australia
consists of a huge range of bioclimates from the hot, wet tropics to the
extremes of desert and snow covered mountains. Within this spatial
variability, there is also substantial seasonal variability, in terms of
climate and subsequent food availability. New species should be able to use
the resources of these environments and in particular take advantage of
those that are not being exploited or are under utilised. Most Australian
pastoral industries are based on livestock which graze the pasture regions
of the sub -humid zone and to a lesser extent the semi -arid zone. The
northern semi -arid pasture regions are also important for cattle.

policies affecting introduction of new species
An assessment of the potential pest status of any proposed introduction is
made by the Vertebrate Pests Committee of the Standing Committee on
Agriculture (SCA). It consists of senior officers from the States, CSIRO
and the Commonwealth responsible for vertebrate pest control and research,
and has the task of advising the Australian National Parks and Wildlife
Service and the Australian Quarantine and Inspection Service who control the
legislation regulating the import of animals. Their task is to weigh
potential benefits against the costs and risks of a pest species becoming
established.

Ouarantine control
The introduction of new animals to Australia to improve production has
recently been covered by the Quarantine Review Committee set up by the
Minister for Primary Industry in 1987 (2). It reviewed all aspects of
quarantine that are the responsibility of the Commonwealth under the then
Quarantine Act 1908, other than policy in relation to human health. It
covered the benefits from importing animals and weighed these against the
risks. "Pests and diseases" under that Quarantine Act include not only
diseases and disease causing agents, but also weeds, vectors of diseases and
pest species capable of harming agriculture, forestry, fisheries and the
environment. The Committee recommended changes to quarantine policy
suggesting the objective should be both restricting entry and detecting
unwanted pests and diseases, and facilitating the introduction of animal and
plant material and products. It should therefore move from a position of
blanket restriction which had applied for some time to one of an assessed
risk on the basis of biological and economic evidence. The Committee also
recommended that if scientific or economic information is not adequate to
assess the risk, a conservative response should be adopted. The broad
thrust of the report has been adopted and the difficult task of implementing
it is underway.
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With the adoption of the new policy it is now easier to bring new species
into Australia. Quarantine facilities for large animals have been
constructed on Cocos Keeling Islands in the Indian Ocean. On the mainland
new quarantine facilities for other species have been built such as Torrens
Island in South Australia. Disease importation risks are also reduced by
using the new technologies such as washing embryos and transferring them to
surrogate mothers in quarantine stations.

Recent imports
Entrepreneurs are already taking advantage of the new quarantine policies
and technologies. For example they have brought in red deer, wapiti and
fallow deer plus new breeds of cattle, sheep, goats, and new species such as
alpacas and llamas. Three hundred alpacas from Chile will soon occupy the
Cocos Station, and Boren and Tuli cattle are now approaching maturity at the
CSIRO Division of Tropical Animal Production Research Station outside
Rockhampton. It is hoped that these tropically adapted cattle breeds will
contribute to increased productivity of our present stock. New breeds of
fat -tailed sheep have been brought in from Cyprus. They are still in
quarantine awaiting clearance from scrapie. They should lead to the opening
of wider markets in the Middle East where they are preferred over merinos.
Other meat -producing breeds of sheep are also presently in quarantine and
will improve the quality of fat lambs for the domestic lamb market. Angora
goats are also in quarantine.

Choosing the right species
To date many of these imports have been undertaken on an ad hoc basis,
inspired by fashion or fads for new breeds. The prevailing attitude has
been that the marketplace should determine whether a venture should proceed
Longer term consequences are secondary and review and analysis has a lower
priority although in the case of the fat -tailed sheep a more thorough
investigation was conducted by the SCA Animal Production Committee. An
alternative approach would be to conduct a study using existing bioclimatic
information to indicate the species that are most suited to Australian
environments. The task would be to use computerised data systems to overlay
the distribution of species throughout the world and likely analogous
environments in Australia.

For example, alpacas and llamas are worthy of serious analysis as a more
widely used species in Australia. They are said to be gentler on soils and
the environment. They are Camelids, belonging to the even -toed ungulates -
the Artiodactyla - but their feet do not have functional hooves. Instead
their toe bones are embedded in broad cutaneous pads on which the animal
walks. Their anatomy and physiology are adapted to survival in harsh desert
environments and at high altitudes (3).

There is of course more to a successful livestock enterprise than simply
finding the right animal for the right environment. The product has to be
sold and marketing, which is all important, is briefly discussed later.

USING SPECIES ALREADY IN AUSTRALIA

philosophical problems with use of wild animals
A growing proportion of the world's urban population regard wild animals as
sacrosanct, not to be killed or interfered with in any way. The notion is
that wildlife has rights and animals should be able to lead unimpeded lives.
In Australia the philosophy is held most strongly with regard to large
native animals and less emphatically for introduced species.

History and archeology however show people have often worshipped and revered
wild animals e.g. aboriginals with species totems in Australia and cavemen
hunters in Europe. Domesticated animals were also revered; cattle and
horses dominate the cave paintings in France and Spain which are 35,000
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years old. In Turkey 8,400 years ago, shrines were built to bulls (4).
Although they were regarded as objects of worship they were also eaten. The
early Egyptians also saw divinity in animals but had no inhibitions about
handling, using and exploiting them. The cult of the bull continues and is
practised in the Mediterranean islands where mounted bull skulls and horns
on walls are common even to this day, as is the practice of eating beef.

Developing existing wild animal industries
Kangaroos

Kangaroos are the native species with the most potential for industry
development. However, management objectives could be more clearly defined
and logical. Existing plans are not based on sustainable yield principles
because kangaroos are harvested as pests. The source of controversy over
kangaroo culling can be attributed to this key issue. If the fundamental
objectives were documented in concise, unambiguous terms, the kangaroo
debate would largely be defused because a consistent policy and argument
could be presented (5).

In determining the number of kangaroos that should be taken each year, the
primary considerations are: the claims of the agriculturalists wanting
relief from their perceived problem; the needs of the kangaroo industry for
a stable supply of products, so that it can operate over both good and bad
seasons, remain viable and be able to respond to pest control requests when
needed; and the requests of the kangaroo protection organisations to
minimize the numbers of kangaroos killed. Governments try to compromise
between these competing interests. Although there is little biology in
their procedures, extensive aerial surveys have been conducted and there is
no doubt that the proportion of the population taken is well within the
short -term sustainable harvest.

The current kangaroo industry is small. The value of skin exports was $9.6
million in 1988/89 and 471 tonnes of meat were sold overseas, mostly as pet
food. Its potential is significantly larger. The population on which the
industry is currently based was estimated in 1987 by aerial surveys (6) as
7.5 million red kangaroos, 1.7 million western grey kangaroos and 4.7
million eastern grey kangaroos. The actual population, particularly the
grey kangaroos, is in fact much higher. Areas not surveyed or harvested
include most of the preferred habitat of the eastern grey kangaroo. Large
numbers which live in coastal forests and adjacent pasture lands are not
included. While harvesting is based on shooting, especially for pet food,
it is unlikely that these areas will come into use. Increases in the value
of the animals and improvements to management schemes and practices to make
them less wild could however enable access in the future.

The industry also has scope for substantial expansion in terms of a
reduction of wastage and more sensible use of the animals that are taken.
At the moment the major demand is for skins and many millions of carcases
are left on the ground to rot. Fortunately the public is awakening to the
value of the meat both as a health food with low cholesterol and fat content
and as a tasty and excellent alternative to traditional meats. The merits
of the meat have been recognised by the Federal Government, and hygiene
standards have been set in export legislation passed in the early 1980s.
However, with the exception of South Australia and Tasmania, the states have
been tardy in recognising the opportunities and have been constrained by
public concern about the morality of using kangaroos, or concern for the
welfare of the species, or both.

There is also considerable scope for making greater use of and adding value
to the skins, particularly within Australia. They are most suited to high
quality leather products having very favourable strength to weight ratios.
The rapidly expanding running shoe industry would be an even larger buyer.
However, criticism from Greenpeace and animal liberation groups constrain
the use of kangaroo leather.
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If the market and demand for kangaroo products could be increased, kangaroo
populations would be managed upwards, not reduced as pests. The kangaroo
would be able to compete with sheep and cattle to maintain its preferred
habitat. Indeed their environment would be modified to increase grass,
shelter and water, to remove predators and contain their movement by fences
and availability of salt licks.

Rabbits
The resurgence of the bush hat has increased demand for rabbit skins. One
large manufacturer is buying 4.5 million wild rabbit skins per year and
making 8500 hats per week . Wild rabbit fur is far superior for hat
manufacture than that obtained from farmed rabbits. If city people bought
hats the way they did until the early 1960s, the demand for skins would
increase even further. Many of the skins come from the rabbit carcass
trade. About 2.5 million wild rabbits are taken for human consumption
within Australia each year and a small export industry in meat is also
developing (5). Commercial harvesting occurs mainly in dry semi -arid
regions. There are currently ten factories processing wild rabbits for
human consumption and one has an export licence, primarily to the USA. The
white flesh which comes from central Australian rabbits is preferred.

The demand for game products in Europe is strong. As the people become more
affluent they want, and are prepared to pay for, exotic and unusual foods.
Rabbits in particular are in demand, especially as a new viral haemorrhagic
disease (VHD) has spread and killed many rabbits in rabbit farms in Europe
and has had some impact on wild populations.

Although there is scope for further development of the meat export industry,
investment must be weighed against the fact that governments have
eradication of the rabbit as a long term goal. From the point of view of
the rabbit harvester, the effect of myxomatosis on local rabbit populations,
can be disastrous. Governments are also considering releasing VHD. There
are substantial scientific issues to be addressed and policy problems to be
solved, but it is possible that VHD could become established either after
intentional or illegal release in Australia.

Feral _pigs

Pigs are more numerous in the wild than they are in captivity, maybe by a
factor of 5. Their numbers appear to be increasing particularly in northern
Australia and they represent a vast and relatively untapped resource. In
1988/89, 150,000 carcases were processed for export and brought in about $12
million in export earnings. Problems with product description in Europe and,
competition from wild boar from Eastern Europe have created an erratic
demand, but if these issues could be solved and a good product developed,
the market is large.

Camels
In 1988/89, 101 live camels were exported. Entrepreneurs are reported to be
selling these camels to the United Arab Emirates where there is a lucrative
camel racing industry. Ironically there are no wild camels in Arabia and
the Australian wild population is the only one in the world. It is
variously estimated at 30,000 - 60,000 animals and the recent good seasons
should increase their numbers. Virtually all of them are on Aboriginal land
and these communities have significant opportunities to develop a camel
industry.

Camels are now on the menu at the Alice Springs Sheraton Hotel and the meat
can be bought from specialty butchers for up to $38 per kilo. The
Australian muslim community is a ready market for the milk. A camel farm is
being established at Mingola near Townsville, stocked by a herd of forty
driven from the Simpson Desert, and there are proposals to further expand
the venture with more wild stock.
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Llamas and alpacas
These species do not run wild in Australia and being highly priced are
confined to farms. The industry is still in the expansion phase and not
producing saleable product. In South America today llamas (Llama lama) and
alpacas (Lama pacos) are also only known as domestic animals. Llamas are
the most important all- purpose animal in the mountains of Peru, whereas
alpacas, which are smaller and shaggier, are chiefly wool providers. They
are shorn standing with slow speed machines, a mohair comb and down tube.
In Australia shearing is in spring to prepare them for the summer. They
live most successfully above 3,000 metres in South America (3) and in
Australia need shade to protect them from summer sun. Of less relevance to
Australia is the vicuna (Vicuna vicugna) which is a wild species that lives
close to the snow line at 4,000 -5,000 metres, and although it has wool and
is shorn, has never been domesticated. Guanaco (Lama guanicoe) is also a
wild species, the most successful and the largest. It lives in semi -desert
and high altitude plains of the Andes.

Buffalo
In the top end of the Northern Territory, the major livestock industry is
based on water buffalo (Bubalus bubalis). The industry is predominantly a
harvesting operation with buffalo either being shot in the field for hides
and pet meat or captured for domestication or for slaughter at abattoirs.
It is currently in a phase of dramatic change due to the impact of the
Brucellosis and TB Eradication Campaign (BTEC) under which virtually all
uncontrolled buffalo are to be shot. In 1989 the industry was valued at
$8.1 million coming from 31,000 animals of which 1,700 were exported live.
During the same period, nearly 17,000 wild buffalo were shot as part of the
TB eradication campaign.

Future development will be through domestication and more rigourous control.

Goats
Cashmere, mohair, milk, meat and skins are harvested from goats. In 1986/87
the industry was worth $27 million to the Australian economy and goat
numbers on farms had expanded to some 700,000 (8).

Feral goats have been the foundation of the cashmere and mohair industries
and have been introduced on to properties for these reasons and also to
control weeds. They are spread throughout much of the mountain country of
eastern Australia and scrubby pastoral areas in New South Wales, South
Australia and Western Australia. Their numbers in the wild, of course, are
unknown but estimates have been made of, roughly, 5 million.

Cashmere can be produced from feral goats, particularly those from New South
Wales. It is a very fine fibre which is combed or shorn. It is produced on
a seasonal basis and is not present on the animal at all times. Premium
cashmere, without any guard hairs, can be worth more than $150 per kilogram.

Mohair production from angora goats has been increasing in Australia in the
last few years. The fibre is similar to wool but smoother with a lustrous
appearance. It has several advantages over wool, such as the ability to
accept deep shades of dye and resistance to felting. It is often used mixed
with other fibres in high quality fabrics.

Unfortunately in the last few years, there have been dramatic fluctuations
in the returns from goats, mainly due to a sharp fall in mohair prices in
1987 and 1988. This has reduced the demand for feral goats. In 1986/87
feral goats could be mustered and sold at market to the growing angora
industry for in excess of $15 a head. Early in 1990 they were worth less
than $5 and the wild population is expanding rapidly, although recently
values have begun to climb again.

57



More goat meat is consumed in the world than sheep meat, so the potential
export market is large, particularly for smaller goats to Mediterranean and
Middle Eastern communities. Nevertheless Australian goat meat exports have
inexplicably fallen in the last few years. The industry which is
substantially based upon feral goats exported 6,000 tonnes of goat meat and
77,000 live animals in 1987/88, falling to under 70,000 goats in 1988/89.
Total slaughterings in 1988/89 were 103,000 for the domestic market and
470,000 for export.

Peer
The Australian deer industry has expanded substantially in the last few
years and there are now approximately 100,000 deer on about 1000 farms
producing both venison and velvet. In 1986 only 2,500 animals were
slaughtered (9). Most deer farmers have been concentrating on increasing
their herds. The shortage of breeding stock is an obstacle to meeting the
expanding export trade and this in turn affects the promotion of venison in
the home market. To help alleviate the problem, deer embryos and semen are
being imported, particularly from New Zealand. In the meantime a lucrative
by- product is velvet antler. Deer cast their antlers annually and the new
growing antler is called velvet. It has been used for centuries in
traditional Asian medicines and tonics and there is a demand for it in
Taiwan and the Republic of China in particular.

Deer are not native to Australia. They have established wild populations,
although not as successfully as in New Zealand. There are an estimated
15,000 sambah deer in Victoria together with a small number of red deer and
hog deer. In New South Wales, fallow, rusa and perhaps some sambah are
established in the wild, while in Queensland red, fallow, chital and rusa
have been caught and domesticated. Red and fallow deer are also found in
South Australia. Tasmania has about 15,000 fallow deer, most of which are
on farms, representing 70% of the farmed stock.

Other mammals
There are a number of other wild species that are subject to minor
commercial exploitation and could be regarded as fledgling livestock
industries. Many thousands more are taken for pest control. In 1988/89,
41,000 wild horses, 170,000 foxes, 93,000 possums and 310,000 mutton birds
were exported (7). In addition an unknown number of hares and donkeys were
taken.

Emus
Emus are one of the few native species to be currently farmed in a
traditional sense. The Aboriginal community at Wiluna in Western Australia
pioneered the industry and in 1987 commercial expansion was approved by the
Western Australian government. Since then 19 licenced commercial emu farms
have been established and other states are following. The farms have to be
licensed by state conservation authorities and there are regulations
controlling stocking densities and fencing requirements. Most farms are
based on birds derived from captive bred birds so that they will be able to
export their products in the future without the complications which arise
from the Commonwealth Wildlife Protection Act 1982. That legislation
requires the development of a state management plan for species where the
farmed animals are directly linked to the status of the populations in the
wild. Some of the farms also have ostriches which, although they are much
more expensive to obtain, are not the subject of complex administrative
regulations and procedures.

The emu industry now has an established breeding stock and it is anticipated
that it will expand rapidly in the next ten years. Technical and production
problems relating to nutritional requirements, incubation rearing, breeding
and slaughtering methods are being addressed. The enterprises appear to be
economic especially during these growth phases and due to the interest whicd
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the farms create for tourists. In the longer term their economic success
will be dependent on actual sales of meat, skin and feathers.

Crocodiles,

Crocodiles are also being farmed. They are not dealt with in detail here as
they are hardly a rangelands animal.

OPTIONS FOR ALTERNATIVE ANIMALS MANAGEMENT SYSTEMS

In most discussions on alternative livestock enterprises, the usual premise
is that the animals under consideration should be semi -domesticated and
incorporated into traditional farming procedures. This involves placing
them behind wire and husbanding them in a similar manner. Examples are the
goat, deer and emu industries. The alternative option of free -range
harvesting does not get the analysis or credibility which it deserves.

Species such as kangaroos, or the semi -domesticated deer or emus, are not as
amenable to intensive manipulation as domesticated livestock. They can be
tamed, but they cannot be bunched up together with dogs, nor will they
travel with drovers over hundreds of kilometres. The crucial difference
with sheep, goats, and cattle is that they will move in the direction that
the drover wishes to go, whereas wild animals have to be followed. Semi -
domesticated animals and some wild animals can be driven into corrals but
their dispersion or movement along migration routes can not be altered.

In the existing kangaroo industry, shooters are opportunistic and "follow"
the kangaroos. Hunters are thus adapting their behaviour to that of prey
rather than forcing their quarry to conform. The process of attempting to
domesticate them for commercial production has not been undertaken although
kangaroos in zoos, and elsewhere as pets have been tamed. They are not
regarded as livestock species.

MARKETING AND RESEARCH FOR NEW LIVESTOCK INDUSTRIES

The success of a livestock industry depends on people wanting to buy the
products, albeit with peaks and troughs as seen recently with wool. Meeting
the demand is a big enterprise and Australia's present livestock industries
are based on large populations of animals. There are more than 170 million
sheep, 24 million cattle, 66 million poultry and 2.6 million pigs. Their
gross value to farmers in 1988/89 was wool $5.7 billion, lambs and mutton
$700 million, cattle $3 billion, milk $1.8 billion, poultry $715 million,
pigs $560 million. The total value of livestock products in 1988/89 was $23
billion.

The infrastructure supporting these industries is also large. They are
backed by Statutory Marketing Authorities (SMA) which are set up under
Commonwealth laws but operate with a high degree of autonomy allowing them
to concentrate on marketing rural products. The Australian Meat and
Livestock Corporation and the Australian Wool Corporation are two examples.
If an industry isn't sufficiently large to have these supporting facilities
competition will be difficult. A comparable umbrella marketing organisation
does not exist to handle the marketing needs of products from new
enterprises although support is provided by AUSTRADE and the Export Markets
Development Scheme. The opportunities for marketing uniquely Australian
products are substantial.

Of particular relevance to the research
industries, is the new Rural Industries
(RIRDC) which aims to meet the needs of
support for multi- industry and national
successor to the old Australian Special
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Another problem at present for these emerging industries is that there are
no accurate figures available on their scope, size and importance so that
their success or failure can be monitored. For example the census form used
to collect information on farm productivity does not encompass the necessary=
information. Doing so could be a research responsibility of an industry
corporation or the DPIE bureaux.

There is also a need for research to ensure that new livestock industries
are based on species that are suitable for the environment in addition to
the market value of its product. This approach should consider both species
already within Australia as well as some of the most promising from
overseas, particularly from South America. An open approach to options and'
a fresh assessment of potential will enable us to develop management
strategies for the multiple use of our animal resources and to reduce
wastage and ensure sustainable utilisation in the future.

CONCLUSION

One advantage of new livestock enterprises is the security obtained by
producers through diversification and less dependence on single markets.
When several species are involved in a livestock enterprise, there are also
added environmental benefits. Diversity leads to greater utilisation of
pastures and in many cases a less damaging effect. Where the enterprise is
based on native animals, it encourages landholders to maintain populations
at higher levels than they would do otherwise. Thus commercial utilisation
and development of alternative enterprises can have significant conservation
benefits.

Similarly, utilisation of pest species can be a cost effective method of
reducing the damage caused by unwanted animals such as rabbits and pigs. A

dilemma however could arise if this commercial dependence led to calls for
protection of pests if the option of entirely getting rid of them became
available.

Livestock industries based on other species have substantial potential in
Australia but they should complement established industries and build on thè
existing small industries. The market for game meat and unusual products,
particularly overseas, is very strong. The industries should develop both
the free -range harvesting component and the more intensive farming
activities, as appropriate. They should assess the merits of managing the
environment to increase numbers of free -ranging animals without necessarily
seeking to confine them behind expensive fences. Proponents need advice on
the best sort of fencing and cost, the selection of species and their
compatibility with other more traditional grazing activities, harvesting
methods, means of containing operating costs, marketing and the value of
anticipated sales.

The task is for researchers to contribute to this process. The idea of
making greater use of wild animal resources has been around for a long time
and it has taken a while to achieve progress and changes in public
attitudes. I believe however that it is an idea whose time has come.
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FUTURE OF GOAT PRODUCTION IN AUSTRALIAN RANGELANDS

S. J. Muir and J. E. Murphy
NSW Agriculture & Fisheries, Cobar, NSW, 2835.

ABSTRACT

Goats have two main roles in the rangelands; woody weed management and
diversification of income (meat, fibre production). Goat stocking is one
option within a policy of integrated woody weed management. Goats readily
defoliate some woody weeds, especially when pasture biomass is low, offering
an alternative to management burning. A strategy of goat stocking for areas
dominated by Dodonaea attenuata is discussed. The gross margin of a goat
enterprise used to manage woody weeds, estimated at $7.90 /ha, generates an
internal rate of return of approximately 19% over a ten year period.

However, a greater understanding of the ecology of rangeland plants is needed
to confidently develop stocking strategies that manage woody weeds without
causing permanent pasture damage. A stronger marketing framework, particularly
for goat meat, is required to stabilise the market and improve prices.

INTRODUCTION

Rangeland areas of Australia have supported mobs of feral goats since early
pastoral settlement, when goats were introduced for milk and meat. Goats that
escaped or were released from early settlements were well adapted to the semi-
arid regions and have become established throughout the rangelands,
particularly the woodlands and hilly regions of NSW, Queensland, South
Australia and Western Australia.

Free ranging feral goats compete with domestic stock for food and water, pose
a threat in the event of an exotic disease outbreak and can have undesirable
environmental consequences, for example, in National Parks. On the other
hand, they are a source of cash income when captured and sold to abattoirs.
They have also been the genetic base in higher rainfall regions for the
cashmere and mohair industries, and in the rangelands when domesticated for
pastoral enterprises.

Pastoralists became interested in domesticating feral goats because of their
ability to survive dry times and provide an alternative income to wool. Today,
the industry's future is in using goats to reduce woody weed density. Unlike
other methods used in woody weed management, goat products can generate income
while being used for range improvement.

This paper outlines the potential of goat stocking for woody weed management,
and discusses the factors presently limiting this option. Most comments are
based on the situation existing in the rangelands of the eastern states,
particularly NSW.

MANAGING WOODY WEEDS USING GOATS

Woody weeds are a major problem faced by pastoralists in the semi -arid
woodlands of NSW (1). Ideally, woody weed management involves long term
property planning based on the integration of options including management
burning, stocking with goats, mechanical clearing, or herbicides; each
selected to suit the particular situation (2).
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Given a sequence of favourable seasonal conditions, management burning is
accepted to be the most effective, cost -efficient technique to manage woody
weeds (3). Goats, however, have the potential to be included when it is not
possible to implement management burning.

In the semi -arid woodlands of western NSW, the opportunity of accumulating
sufficient fuel for a management burn only occurs at a frequency of one in 10-
50 years (4). The heavy stocking strategies that pastoralists believe they are
forced to practise because of low income flexibility, mask the pattern of
natural fire frequency. Pasture biomass is suppressed in densely shrubbed
areas, which further limits the opportunities for management burning.

In contrast, goats offer a technique to manage woody weeds when pasture
biomass is low. Although goats always take some roughage, their diet includes
a large proportion of herbaceous species if available (5)(6). However, when
pastures are limited, goats are forced to increase their browse intake which
results in heavy defoliation of palatable woody weeds. Therefore, the common
scenario of a rangeland environment, featuring low pasture levels and
palatable woody weeds, presents ideal conditions for using goats in a woody
weed management programme.

Goats should not be regarded as the only option for woody weed management. In
situations where pasture is readily available it may be better utilised by
sheep, or preserved to promote an opportunity for management burning. In other
cases, the primary role of goats may be to reduce shrub biomass to encourage
pasture accumulation for management burning. Alternatively, burning,
mechanical clearing or herbicides may be necessary to "clean -up" areas of
unpalatable woody weeds, or shrubs that have coppiced after defoliation by
goats. These options are all part of the policy of integrated management of
woody weeds.

The greatest challenge using goats to manage woody weeds is to develop
stocking strategies that reduce woody weed density while encouraging pasture
growth. NSW Agriculture & Fisheries is currently investigating various goat
stocking strategies to manage the woody weed Dodonaea attenuata. As this
investigation will continue for another year, no definite conclusions can yet
be made, but indications so far suggest that:

'goats heavily defoliate D. attenuata when pasture biomass falls below 100 -200
kg /ha.

grassbutts are grazed but not removed under heavy stocking. In this case,
stocking decisions after rain will be critical. Instigating conservative
stocking that favours pasture regeneration may also give woody weeds an
opportunity to regenerate.

shrubs reshoot after defoliation without impetus from rain, whereas grasses
require rain to reshoot. Stocking strategies that promote continual removal of
re- emerging shoots will cause shrubs to eventually expend their energy
reserves. This feature confirms the role of goats during drier seasons to
manage woody weeds.

In light of these observations, the "best -bet" strategy of using goats to
manage D. attenuata in this environment could involve heavy stocking (up to 4
goats /ha) over a short period (six months). This strategy will reduce the
likelihood of pasture growth in response to rain before significant shrub
impact is achieved. After the initial period, goat stocking at a lighter level
(1 -2 goats /ha) will continue to defoliate coppicing shrubs. Conclusion of goat
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stocking would depend on the level of shrub mortality and rain. For
flexibility, this strategy requires a system of several paddocks to receive
goats removed after the initial six months stocking.

The ecology of important plants needs to be better understood when using
grazing management to manipulate the balance between shrubs and pasture. The
response of plants to the frequency, duration, and intensity of defoliation
over a range of seasonal conditions is integral to the development of goat
stocking strategies that manage woody weeds and promote pasture growth. Goat
stocking would be most effective if synchronised to periods when woody weeds
are most vulnerable because of inherent fluctuations in their level of stored
energy. Further research is required in these areas before goat stocking
strategies for woody weed management can be confidently recommended to
pastoralists.

Some problems associated with goat stocking (7),(8) are reduced under the
policy of using goats as a option within an integrated woody weed management
programme.

Some woody weed species are not palatable to goats.

The palatability of dominant woody weed species is a vital issue when
considering goats. D. attenuata, Acacia aneura and Callitris glaucophylla are
highly palatable to goats. Pastoralists in western NSW have achieved
significant shrub mortality while encouraging pasture growth using goats in
environments dominated by these species (9),(10).

However, goats do not indiscriminately eat all woody weed species. For
example, Eremophila sturtii and E. mitchellii are unpalatable to goats, even
at stocking pressures that provide few alternative feed sources (6). The
unpalatable nature of these plants restricts the potential for using goats. An
integrated policy of managing woody weeds by stocking goats on shrubs
reshooting after another treatment has improved the palatability for goats in
other environments (11).

Goat stocking encourages encroachment by less palatable woody weeds.

With careful management, it is unlikely that unpalatable shrubs would increase
due to goat stocking. Such species germinate infrequently in response to a
sequence of above average seasons, when a management burn would kill the young
seedlings as well as a proportion of established shrubs.

Dietary preferences of sheep and goats overlap.

If stocked together sheep and goats have a similar diet, particularly when the
season becomes drier and the opportunity for selecting preferred plants is
reduced (5). Usually, woody weed management using goats involves removing
other stock and introducing goats separately so there is no direct competition
for feed. This is a cost of woody weed management (and not of goat stocking
per se), and should be accepted as a short term loss that achieves longer term
benefits of land improvement.

AN ECONOMIC PERSPECTIVE OF GOAT STOCKING TO MANAGE WOODY WEEDS

Like other methods of woody weed management, an evaluation of goat stocking is
based on estimating the costs (including both cash and non -cash) and benefits
(productivity increases, labour savings) associated with the technique. Gross
margins (gross income less variable costs) are useful for comparing returns
from different enterprises. The internal rate of return enables the investor
to determine if the enterprise generates an adequate return on invested
capital.
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A description of the major costs and benefits of using goats for woody weed
management follows.

Costs

Foregone income
While the paddock is stocked with goats it is unavailable to the sheep
enterprise. In addition, once the goats are removed it should not be stocked
until the pasture has regenerated. These opportunity costs are reduced if
pasture biomass is low because the feed shortage restricts the number of sheep
that can be grazed. The total cost of spelling can be estimated from gross
margins of the sheep flock.

Fencing costs
Most fences in western NSW require a substantial capital outlay to be made
goat proof. An electrified wire attached to the existing fence provides
adequate security.

Source of goats
Sufficient numbers of goats can usually be captured to adequately stock up to
500ha (12). Therefore the cost of obtaining goats has not been included in the
calculations below.

Benefits
Income from goats

The gross margin for a self- replacing goat meat flock stocked at 4 goats /ha
for six months is estimated to be $1.97 /dse (Appendix II). By comparison, the
gross margin for a Merino wether flock on woody weed encroached country is
$9.40 /dse (Appendix I) .

However, the gross margin /ha for Merino wethers is $1.57, while that for the
self -replacing goats is $7.90. It must be remembered that the stocking
strategy of 4 goats /ha can only be sustained for six months, at which time
most of the goats are redistributed to other paddocks or sold.

productivity increases

Differences in wool cuts (up to lkg of greasy wool), lambing percentages (25%)
and stocking rates (15 %) have been observed between woody weed infested areas
and open woodland (3). Similar increases can be expected using goats to manage
woody weeds. Additionally, further decline in land productivity by future
woody weed encroachment is prevented.

Mustering costs

Goats improve the visibility across a paddock, which is reflected in
substantial savings in labour costs.

Land value

Using goats to manage woody weeds enhances the value of land in two ways.
Firstly, land with good productivity is valued highly in the land market.
Secondly, capital improvements such as stock proof fences add to the market
value of properties.

The outcome

Assuming modest increases in land value and productivity (0.5 kg wool and
raising stocking from 1 dse /6 ha to 1 dse /5 ha) and small savings in mustering
costs, the internal rate of return (I.R.R.) is approximately 19% over a ten
year period (J Murphy, unpubl. data). Rural development projects with an
I.R.R. of above 20% represent a good investment. Therefore, under the price
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structure of these assumptions, goat stocking offers marginal returns as an
option to manage woody weeds. However, implementing a policy of integrated
woody weed management for follow up treatments will improve the I.R.R. by
further increasing land value and productivity.

Other considerations

Although the above factors (gross margins and IRR) provide a base on which to
make a decision on goat stocking, other issues of property management must
also be considered.

'Does the property have adequate facilities and labour to handle the goat
enterprise?

'How many other paddocks are suited to using goats in a programme to manage
woody weeds?

"Is there a ready market for goats at the prices used in the budget?

'Does the landholder have the financial infrastructure to afford initial
lending if it is required?

"What tax advantages /considerations are available with this enterprise?

"Will property development be reflected in increasing land values?

If these questions can be adequately answered, goat stocking may have a role
in woody weed management.

THE FUTURE FOR GOAT ENTERPRISES

Although goats have the ecological potential to manage woody weeds, the
adoption rate of goats has fluctuated since they were originally considered
several decades ago. This can be attributed to several factors:

'pastoralists are unwilling to acknowledge woody weed problems and implement
management programmes.

Many pastoralists traditionally regard goats as feral animals, and do not
accept that they can be profitably integrated into the enterprise.

"There is`.ack of detailed scientific data on which to base sound management
decisions for goat stocking.

'The profitability of sheep enterprises has fluctuated. Interest in goats may
once again increase with the current uncertainty in the wool industry.

'Markets and prices for goat products are unstable.

Some of these issues are already being addressed at the property level by
increasing the pastoralists' awareness of the woody weed problem and
management options. Further research effort will provide a sounder base for
goats in the rangelands. However, a stronger marketing framework for goat
products will also add confidence to the industry.

marketing of goat products,
goat meat

Approximately 75% of domesticated goats in western areas of NSW are classed as
meat goats (13), destined for export as chilled carcases or live animals, or
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for the domestic carcase market (14). These markets require a lean goat that
is typically derived from the rangelands.

In NSW in 1988 -89, nearly 130 000 goats (or 75 %) were slaughtered for the
export carcase trade (NSW Meat Industry Authority, pers. comm.), with major
buyers including Taiwan, Korea, Malaysia, Singapore, Fiji and the Caribbeans.
Processors find it difficult to fill orders because the supply of suitable
quality animals is inconsistent, but demand is also irregular and seasonal.
Export markets are sensitive to changes in exchange rates and the domestic
price of mutton, which can be used as a substitute.

Consumers within the domestic market include the ethnic community which
demands younger kid carcases, and the smallgood industry which requires larger
framed animals. Some goat processors have identified an expanding local market
that they are unable to fill (A Anderson, pers. comm). Live goats are exported
mainly to Arab states. It is a seasonal market, and operators are presently
experiencing difficulties in obtaining air -carriers.

For many years a primary restriction to the growth of the goat meat market has
been a lack of coordination between supply and demand (15). Often the producer
has not supplied the type of animal required by the trade. A system of carcase
classification (Aus -meat) has been introduced which will allow the buyer to
describe the product required, but this system is still being refined to suit
goats. Additional markets must be developed to reduce the seasonality of
demand. Producer cooperatives would also guarantee a more consistent supply of
quality goats.

Cashmere production

Gross margins for a pastoral goat enterprise are sensitive to income received
from cashmere (16). However, feral -based stock have low, variable cashmere
yields, and pastoralists usually select only the higher yielding animals to
shear. The impact on cashmere production of the low nutritional levels imposed
under woody weed control programmes is unknown. Marketing is well organised in
NSW, with increasing numbers of pools /year and cashmere prices.

Rides

Goat hides are an unexploited product within the goat industry (14). This
industry would be valuable in terms of generating export income while
replacing expenditure presently incurred when these products are imported.

Idve goats

The rangeland areas have traditionally been an important source of goats
introduced into higher rainfall areas for weed control and fibre production.
However, this market has disappeared in recent years since those graziers can
now obtain surplus stock from within their own region.

CONCLUSION

The goat's future in rangeland areas is based on its potential use in range
improvement. Its specific role is to reduce the density of palatable woody
weeds when conditions are unfavourable for management burning. The ecology of
various shrub and pasture species must be better understood to develop goat
stocking strategies that manage woody weeds and promote pasture growth.
Although goats offer a secondary benefit through generating income, they are
unlikely to be regarded solely as an alternative enterprise until the markets
for products, particularly goat meat, stabilise and prices improve.
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APPENDIX I: MERINO WETHER GROSS MARGIN - COBAR /BOURKE SCRUBBY COUNTRY

Variable assumptions: Qntv
-Wool cut (kg) 5.50
-Crutchings (kg) 0.25
-Gross buying price (hogget) $14.00
-Net selling price (c.f.a 6 years) 4.00
-Death rate ( %) 10.00
-Wool price (c /kg net) 361
-Crutchings price (net) 170
-Running cost /wether 5.95

Variable income: $

Wool (net) 5.50kg @ 361 c /kg 19.86
Crutchings 0.25kg @ 170 c /kg 0.43

$20.28
Variable costs:
Depreciation (Purchase price less sale
over 5 years)
Deaths - 10.00% of average value, plus wool not produced
Running costs

GROSS MARGIN:
Net return /wether
Variable costs /wether
Per d.s.e
Per hectare @ 1 d.s.e /6 ha

2.00
2.93
5.93

$10.88

$20.28
$10.88
$ 9.40
$ 1.57

APPENDIX II: GOAT MEAT SELF REPLACING FLOCK GROSS MARGIN - WESTERN N.S.W.
Variable assumptions:
Number of does 500
Number of ages in does 5

Buck ( %) 3

Sale price - wethers $ 9.00
- cull doe maidens $11.00
- does c.f.a $ 3.00
- bucks c.f.a $ 7.00

Buck purchase price 0.00
Kids weaned ( %) 90
Death rate - adults ( %) 8

- kids ( %) 20
Running costs ($ /head) 0.80

Variable income: $

Sales - wether weaners 178 1602
- doe hoggets 62 682
- does c.f.a 76 229
- bucks c.f.a 3 24

Total Variable Income $ 2537

Variable costs:
Running costs (does & kids) 760
Buck purchase 0

Total Variable Costs $ 760

GROSS MARGINS:
-Whole flock
-Per doe
-Per d.s.e
-Per hectare @ 1 d.s.e / .25 ha.
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THE FERAL GOAT - ITS IMPACT AND PRODUCTION POTENTIAL IN
MULGA SHRUBLANDS OF WESTERN AUSTRALIA

Myna-
W. Fletcher

Department of Agriculture
Kalgoorlie

ABSTRACT

The feral goat has demonstrated its suitability to W.A.'s mulga shrublands.
The potential to manage goats on poor quality mulga pastures was investigated
to assess animal productivity as indicated by reproductive performance, and
impact by changes in desirable plant populations and an estimate of the change
in desirable plant biomass. Comparisons were made with sheep grazing these
pastures.

Goats have no greater impact on this vegetation type than did sheep. The
reproductive performance of the goats, at 136% per kidding, was comparable to
reported performance elsewhere, and far superior to sheep on this pasture
type. The goats did demonstrate the potential for pasture degeneration at
high stocking levels.

INTRODUCTION

Feral goat population estimates in 1982 for Western Australia varied from
200,000 to 700,000(1). Goat harvest figures have been increasing over the
last five years to a figure of 150,000 in 1989 without any apparent reduction
in population(2). Given this level of culling, the population is likely to be
much greater than the 1982 lower 200,000 estimate. The feral goat is a
problem to the pastoral industry. Goats compete with sheep for forage, place
extra grazing pressure on pastures, and reduce the effectiveness of spelling
or regeneration programmes. The ability of feral goats to maintain population
levels under heavy culling demonstrates their suitability to Western Australia
pastoral environment. This obvious suitability has resulted in suggestions
that there may be a role for goats in a managed situation, particularly on
less productive or under- utilized pasture type.

Environmental damage due to goat grazing is usually a result of poor
management or overstocking (3, 4). Before any managed goat grazing enterprise
is undertaken, it must be justified that they can be grazed safely and that an
acceptable level of animal productivity can be achieved.

Reproductive efficiency is effected by environmental factors, nutrition, and
management (5), and reproductive performance should be an indicator of animal
productivity and nutritional well -being.

In 1986 the Department of Agriculture commenced a trial to investigate the
impact and productivity of feral goats on the poorer mulga pastures in W.A.
For the purpose of this paper, data collected on reproductive performance in
this trial, and a component of the data on the vegetation study will be used
to address the following hypotheses:

breeding goats can maintain a suitable level of production on poorer mulga
pastures.

goats have no greater impact on these pastures than do sheep at equivalent
stocking levels.
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METHODS

The trial was established on Yerilla Station, 150 km north of Kalgoorlie in an
area of dense mulga -wandarrie shrubland. The vegetation community consisted
of mulga (A. aneura 500 -750 /ha) and bowgada (A. ramulosa 250 /ha) with a shrub
understorey of cotton bush (Ptilotus obovatus), flannel bush (Solanum
lasiophyllum) and a range of Eremophíla species. Woolly butt wandarrie
(Eragrostis eriopoda) and broad leafed wandarrie (Monachather paradoxa) occur
as perennial grasses ( <50 kg /ha). Annual forage production is seasonal with
levels up to 150 kg /ha being recorded.

The trial paddock had not been used in the previous 15 years, but maintained a
population of feral goats and kangaroos. Paddock condition was good as
indicated by the density and vigour of desirable plant species. The initial
pasture condition and composition in each paddock was similar, and paddock
boundaries were located to include the major browse shrub types.

Feral goats were mustered on the station and female goats were selected for
trial paddocks. The population structure of the available stock was biased
toward young animals with 50% being less than one year old. Animals were
divided into their five treatment groups by stratified random allocation on
age and bodyweight.

Merino ewes were provided by the station as a mixed draft aged 21/2 to 41/2
years old.

Treatments consisted of five stocking rates of goats and one of sheep. The
range of stocking rates was effected by varying paddock size; each paddock was
allocated a similar flock of females. Stocking rates are shown as hectares
per dry sheep equivalents (ha /DSE) where a DSE is equivalent to a 45kg dry
sheep. The number of goats in each treatment is adjusted to account for their
smaller body size when compared with the sheep based on metabolic bodyweight
(W0.75)(6). The actual stocking rates were not constant due to birth and
growth of kids, presence of bucks at joining time, and occasional deaths or
disappearances of adults. The stocking rates reported here have been averaged
over the four years to include the presence of does, kids, lambs, bucks and
any intruding strays entering the trial. Stocking rates are shown in
Table 1.

Table 1:' Treatment Stocking Rates

TREATMENT STOCK PADDOCK SIZE AVERAGE STOCKING
(ha) RATE 1986 -1989

(ha /DSE)
1 Goats 48 3.1
2 Goats 96 5.2
3 Goats 192 10.9
4 Goats 288 15.7
5 Goats 384 21.3
6 Sheep 192 15.2

Initially each goat flock contained 20 animals, and the sheep numbered 14.
This was reduced to 17 goats or 13 sheep after 12 months to adjust for the
presence of bucks, rams, kids and lambs. Each year three or four older does
were culled and replaced with weaners. The same group of sheep were used in
1986 and 1987, and then replaced by a similar group of 31/2 and 41/2 year old

sheep from the general station flock in 1988.
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Males were introduced in March and parturition occurred from August onwards.
Two males per treatment paddock were used in 1986, 1988 and 1989 and one per
treatment in 1987.

Reproductive performance was measured by the number of offspring surviving to
November.

Under this stocking regime permanently located transects were assessed
annually, and individual plants measured for maximum width and height. By
locating each plant by co- ordinates, deaths and recruits could be identified.
Each treatment consists of six or seven transects for a total of at least 900
individuals per treatment in 1986. Exclosure fences were also erected and
transects located within to act as a control.

Plant dimensions can be related to available forage (7). In this study plant
dimensions, specifically the sum of maximum width and height, are recorded on
each plant plus any recruits occurring on the transect for each treatment.
The summed values of maximum width and height can then be totalled to give a
"plant score" for that species or group of species. Changes in "plant score ",
being a repeated measure made on the same plant population, should be a good
indicator of changes in plant biomass for a species or group of species,
reflecting both changes in biomass on individual plants and the effect of
recruitment and mortality on total available biomass.

RESULTS

All plant species occurring on transects have been classified as "desirable"
or "others ". The complete perennial species list and their classification is
shown in Appendix 1. The classification is arguable and by no means
definitive, but "desirables" are regarded as those likely to reflect grazing
treatments in this environment; 41% of all individuals fell into the
"desirable" class.

A summary of the vegetation recordings is shown in Figure 1 which shows the
percentage change in "plant score" over the four years versus stocking rate
for both "desirable" and "others ". A percentage has been used to account for
any variation in initial "plant score" that may occur between treatments.

The curve is plotted for the goat treatments, and the one sheep treatment is
also displayed. As expected, the "desirable" species are more responsive to
the treatments than the "others ".

Figure 2 shows the percentage population change of "desirables" and "others ",
with curves plotted against stocking rate. The sheep treatments are also
displayed. A similar trend to that in Figure 1 is seen.

To give an indication of the fate of new recruits into the community under the
various treatments, Figure 3 shows the mortality rate to 1990 of "desirable"
plants that were recorded as recruits after 1986. The linear trend shown for
the goat treatments (r =0.97) does not hold for the sheep treatment.

Figures 4 and 5 show percentage size change of species Acacia tetragonophylla
and Maireana villosa. The impact of sheep grazing on these two species
appears less severe than that of the goats.

The reproductive performance of the goats averaged over the years 1987 to 1989
is shown in Figure 6. The reproductive performance in 1986 was not included
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Figure 5
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due to the initial "haystack" effect of available forage, which did not
reflect the grazing treatments. The reproductive performance of the goats
shows a significant reduction at the highest stocked treatment (Chi sq = 10.5
on ld.f. p<0.01). The average of the other treatments over the four years is
136 %. Only one lamb was reared over 1987 and 1988. In 1988 a pregnancy
scanning showed a 60% conception rate, indicating a likely failure of lambs to
survive after birth.

DISCUSSION

Sheep reproductive rates can be as high as 85% in the mulga shrublands of W.A.
(8), however breeding ewes are normally run on the better pasture types. The
poor reproductive performance of the sheep on this pasture type was not
unexpected, as this country normally runs dry sheep. The major reproductive
losses appear to occur after birth when the greatest nutritional demands would
be placed on the ewe.

Feral does in South Australia can be expected to produce 1.61 kids per kidding
(9); 120% kidding rate can be expected from feral does running in
agricultural areas in N.S.W. (10). The animals in this trial are rearing 136%
kids to weaning, which compares favourably with the South Australian, and the
N.S.W agricultural area's figures. The kidding performance is particularly
good when compared with the sheep in the same environment.

Given that the animal can successfully reproduce in this environment, what is
the likely impact of goats on the vegetation under long term grazing. There
has been a decrease in the desirable component in the pasture under all
grazing treatments. This was expected, as prior to the trial the grazing
pressure was light. It is apparent from Figures 1 and 2 that the goats have
no greater impact on the desirables as a group. Using the changes in plant
score as indicative of changes in available plant biomass, the productivity of
the community under goat grazing will not be less than under sheep grazing.

Looking at a number of individual species it is apparent that goats utilize
some species such as the A. tetragonophylla and M. villosa more so than do
sheep. In the case of the former, a prickly acacia, though it is accessible
to sheep, it is not preferred. The latter species has a growth habit where it
is often hidden within other plants. It could be presumed that the sheep is
less adept at searching out these less accessible plants. If the goat does
browse a broader range of species, including some of those less desirable
species, the impact on the more preferred species is likely to be less.

Clearly from Figure 3, the fate of any recruiting desirable plants is going to
be less certain under a sheep grazing regime.

The impact on the desirable plants at the high stocking rate has been marked,
with "plant score" being reduced by 75 %, and in population of desirables by
40 %. The reduced reproductivity within this treatment is reflected in the
reproductive performance of the goats. At the 5.2 ha /DSE treatment, no such
reduction in reproductive performance occurred, even though there has been
quite an effect on the desirable plants. This indicates that the use of
animal condition to reflect appropriate stocking levels could result in
overstocking under a goat grazing system. Suitable vegetation monitoring
techniques should be the basis for setting stocking levels.
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CONCLUSIONS

Both hypotheses must be accepted: Goats can maintain a suitable level of
productivity on these poorer mulga pastures, and the impact of goats on the
vegetation is certainly no greater than that of sheep at an equivalent
stocking rate. There is some evidence that goats at a conservative stocking
level may have less impact than sheep, and further investigation of the data
is required.

At high stocking rates the impact of goats can be severe, but animal
productivity is only reduced at the highest stocking levels. Suitable
stocking levels for goats must be carefully chosen, considering pasture not
animal performance.
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APPENDIX 1

"DESIRABLES" "OTHERS"

Canthium lineare
Dodonaea rigida
Eremophila eriocalyx
E. latrobei
Maireana convexa
M. georgei
M. species
M. villosa
Prostanthera wilkieana
Ptilotus obovatus
Rhagodia eremaea
Scaevola spinescens
Sida calyxhymenía
Sida corrugata
Sida spp .
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Acacia aneura
A. kempeana
A. linophylla
A. ramulosa
A. tetragonophylla
Cassia nemophila
Dianella revoluta
Eremophila georgeii
E.forrestii
E. granitica
E. homoplastica
E. longifolia
E.punicea
E. glandulifera
Grevillea spp.
Hakea preissii
Maireana triptera
Olearia pimeleoides
Solanum lasiophyllum
Solanum orbiculatum
Spartothamnella teucriiflora



KANGAROOS - RANGELAND PRODUCT OR VERMIN

T. Marshall
Animal Products Technology Branch,

Department of Agriculture, Baron -Hay Court,
South Perth, Western Australia, 6151

SUMMARY

The potential for the establishment of a kangaroo industry in Western
Australia based on meat and skins was examined by assessing the likely
acceptability of the products of the industry and their market potential.

Available evidence indicated that kangaroo meat would be acceptable to
consumers from a nutritional and quality point of view. Markets for skins
are largely in the export arena and traditional markets are likely to be
constrained by the actions of the animal welfare lobby. There is some
potential for developing new export outlets for skins.

It is concluded that farming of kangaroos is unlikely to be viable in at
least the foreseeable future and that any industry, if established, will
be based on harvesting animals from the wild under existing management
programmes.

INTRODUCTION

Exploitation of kangaroos has taken place in Australia for as long as
there has been human settlement. Estimates (1) suggest that, prior to
white settlement, Aborigines killed up to 176,000 kangaroos each year for
food and clothing. Similarly the early white settlers utilized kangaroo
meat to supplement their meagre food supplies. In more recent times
kangaroo meat has been harvested for export for human consumption although
that trade has now all but ceased because of the actions of animal welfare
groups in importing countries. At the present time, apart from South
Australia where human consumption is currently permitted, the major use of
kangaroo meat is in the pet food industry.

Harvesting of kangaroos is carried out under the control of the various
state management programmes which set predetermined numbers of the various
species which may be taken each year. The quotas set under these
programmes are strictly enforced.

In recent years there has been growing concern among pastoralists in
Western Australia and some administrators that the current uses for
kangaroo products do not provide sufficient incentive for the annual
quotas set under the management programmes to be met. As a result, and in
parallel with a growing consumer interest in game and other exotic or
unusual meats, there has been an increasing interest in the development of
an industry based on kangaroo meat for human consumption.

This paper examines the potential of such an industry within Western
Australia and attempts to draw conclusions on its likely viability.

INDUSTRY POTENTIAL

The potential of any industry is determined by its production base and the
size and strength of its markets. It is likely that both factors will be
limiting in the case of kangaroos in Western Australia and probably the
whole of the country. A further factor, that of the animal welfare lobby
is also likely to be important in constraining the industry.

80



Production potential
The number of kangaroos which can be harvested each year is governed by
the conservation controls in place under the state kangaroo management
programmes. These programmes set annual quotas based on seasonal
conditions in the rangelands, the number harvested in previous years and
predicted future conditions. There are severe legal constraints under the
programmes which safeguard against the quotas being exceeded.

The annual harvest quotas and the numbers actually taken of Red and
Western Grey kangaroos and Euros under the Western Australian management
scheme for the past five years are given in Table 1.

Table 1. Western Australia kangaroo and euro quotas and harvest details,
1985 -1989.

Year

Species
Red kangaroo Grey kangaroo Euro

Quota Taken Quota Taken Quota Taken

1985 160,000 161,000 50,000 37,000 10,000 5,500

1986 180,000 154,000 50,000 37,000 10,000 6,000

1987 200,000 150,000 45,000 40,000 Nil Nil

1988 230,000 217,000 45,000 29,000 10,000 1,000

1989 290,000 185,000 45,000 28,000 10,000 5,000

Source: Department of Conservation and Land Management.

These figures confirm industry fears that current usage patterns of
kangaroos are not providing sufficient demand to ensure that quota numbers
are actually being taken each year. On this basis it could be argued that
unless demand for the product is increased then numbers of kangaroos will
continue to increase thus placing increasing pressure on the rangelands.

It is this scenario that led the Western Australian Government to decide
to investigate the potential of legalizing the human consumption of
kangaroo.

Product acceptability

Meat
Recent studies of the nutritional value of kangaroo meat (2, 3) concluded
that the meat was very lean and what fat it did contain was largely
polyunsaturated. As such it provided an ideal means of providing a low
cholesterol diet thus reducing important risk factors for cardiovascular
diseases.

Another study (4) examined, by taste panel assessment, the eating quality
of meat derived from male and female Red kangaroos ranging in age from 1.5
to 9 years. Details of this study are given in Table 2.
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Table 2. Summary of the taste panel assessment of the eating quality of
kangaroo meat in comparison to beef.

Age
(years)

Tenderness Flavour Acceptability¡

Kangaroo

7 -9 4.5 3.9 4.8
4 5.0 3.9 5.1

1 -3 5.2 3.8 5.3

Beef

2.5 4.1 3.9 4.9

t Scores range from 1 (very tough) to 6 (very tender).
ft Scores range from 1 (dislike very much) to 5 (like very much).

ttt Scores range from 1 (very acceptable) to 6 (very unacceptable).

A consumer survey (T. Marshall, unpublished) further investigated local
consumer reaction to the concept of human consumption of kangaroo meat.
This study involved mailing a questionnaire to 400 households in the Perth
metropolitan area chosen at random from the telephone directory.
Respondents were asked if they had eaten kangaroo, their opinions of the
meat, whether they were likely to purchase it regularly and what their
overall reactions to the legalization of human consumption of kangaroo
meat were. The results of the survey are summarized in Table 3.

Table 3. Summary of the results of a consumer survey of opinions on
aspects of the legislation of kangaroo meat for human consumption.

Question Response

Have you eaten kangaroo before? Yes 47%*

No 53%

If you have previously eaten kangaroo Favourable 74%
what was your impression of it? Unfavourable 36%

If kangaroo was readily available
would you buy it regularly?

Yes 38%

No 62%

What do you feel about legalizing Favourable 61%
kangaroo for human consumption? ' Unfavourable 39%

* Per cent of respondents to each question.

A factor of concern among consumers identified by the survey was that of
the hygiene status of kangaroo meat taken from the wild. A survey
involving in excess of 200,000 kangaroo carcases presented for inspection
prior to export for human consumption (5), concluded that provided
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established procedures for harvesting, transport and distribution are
followed, kangaroo meat presents little or no danger to human health when
compared to other forms of meat.

The investigations outlined above all suggest that kangaroo meat would
present an acceptable and nutritious alternative to other red meats if it
were made available for human consumption.

Skins
Kangaroo skins and leather have a variety of uses for souvenirs, sporting
goods and shoe and glove manufacture for which purposes the product is
ideally suited.

A recent review of the potential for processing animal hides and skins in
Western Australia (6) found that the vast majority of skins produced both
in this state and nationally are exported for final processing overseas.
Tanning of kangaroo skins in Western Australia is unlikely to be feasible
because of the relatively low volume of product and high cost structures
in comparison to other countries.

The review concluded that the future viability of the kangaroo skin
industry was dependent on exports-and therefore its long term future could
not be regarded as secure in view of the effects of the animal welfare
lobby in importing countries.

Potential markets
As noted above export markets for kangaroo meat for human consumption have
existed in past years. In 1980/81 some 1500 tonnes of kangaroo meat was
exported mainly to Germany. By contrast, the total exported for human
consumption in the three years 1985 to 1987 was 110 tonnes. This
reduction in exports has, in the main, been due to the activities of
animal welfare groups.

The kangaroo skin industry is largely dependent on the export market for
its survival. Again the animal welfare lobby has had an effect on skin
exports. For example during the early 1980s there was a total ban on the
importation of kangaroo skins into the USA which was one of the largest
markets for the skins. This ban is still in force in some parts of that
country today as are similar bans in a number of other potential importing
countries.

A consequence of the previous total ban on the importation of kangaroo
skins into the USA has been the substitution of other forms of leather for
kangaroo in the manufacture of specialty items. It would appear that most
manufacturers who have changed to alternative leathers are unlikely to
revert to the use of kangaroo leather.

It is unlikely that the influence of animal liberation groups will
diminish in the foreseeable future and exports of meat for human
consumption and leather to traditional markets are unlikely to regain
their previous importance. There are however, prospects of developing new
markets for skins in a number of Asian countries.

In the light of these factors it is likely that markets for meat are
likely to be almost entirely domestic. The ability to expand markets for
skins will depend on the ability to open new market areas.

Prospects for farming kangaroos
The feasibility of establishing a "farming" enterprise for kangaroos
depends on many factors including the availability of markets to sustain
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the enterprise, the potential net returns from the enterprise, the
availability of stock with which to start the enterprise and the ability
to compete with the field shot product.

The substitution of kangaroos for sheep and cattle in parts of the
pastoral areas has been suggested as a means of reducing rangeland
degradation (7). In essence, these animals would be "farmed" and would be
harvested to provide meat and skins.

The proposal has merit from the point of view of rangeland conservation
but there are a number of potential difficulties with it. These include
the ownership of the animals, the ability to harvest when and how the
landholder wishes and the potential profitability of the enterprise when
compared to existing uses of the land.

Under current laws kangaroos are the property of the Crown. Such
arrangements are unlikely to change in at least the foreseeable future.
Landowners have exclusive legal ownership of sheep and cattle which they
currently run. If they were to substitute kangaroos for their sheep and
cattle they would require guarantees of supplies of slaughter stock,
markets and the ability to determine the quantity and timing of harvest.
In addition kangaroos have lower reproductive and growth rates than sheep
or cattle (8) and therefore the value of their products would need to be
higher than those of sheep or cattle for farming to become a practical
alternative.

Part of the potential attraction of kangaroo meat to consumers is its
image as a game meat. Meat derived from farmed animals may lose this
image.

Human consumption of kangaroo has been permitted for some time in South
Australia. During 1989 approximately 160,000 carcases were processed for
human consumption although it is estimated that as little as 50 per cent
of these were actually utilized for this purpose (G. Meszaros, personal
communication). At best, prices for the meat sold for human consumption
equate to those of low quality beef while kangaroo skin prices are
comparable to those obtained for sheepskins.

CONCLUSIONS

Limited research to date indicates that kangaroo meat will be acceptable
to consumers in Western Australia and it is likely that a viable domestic
market for kangaroo meat could be established. Markets for skins are
largely dependent on exports and are likely to remain so. The industry is
most likely to be based on the harvest of animals from the wild under the
existing conservation programmes as economic and other considerations are
likely to preclude the development of a kangaroo "farming" enterprise.
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NON -PASTORAL USES OF AUSTRALIA'S RANGELANDS

John Holmes

Department of Geographical Sciences
The University of Queensland

As recently as 1970, land use options for Australia's rangelands were simple,
limited and founded upon self- evident truths. Pastoralism was the pre-eminent
use, given absolute priority to occupy all suitable lands, and capable of
being displaced only by a few "higher" (i.e. yielding higher returns) forms
of land use, notably agriculture, either irrigated or dryland, and mining.
The modest localised land demands of these two alternative uses posed little
challenge to pastoralism's way over Australia's arid and semi -arid
rangelands. Land legislation was framed to accommodate and encourage these
perceived land use options, with covenants on minimum stocking rates and
required capital improvements and with provisions for tenure conversion
towards "higher" forces of land use. Only one other resource use was covered
in the legislation, namely the reservation of timber (for commercial purposes
only) by the state.

Any other prospective uses, such as reserves for aboriginal peoples, need not
be in competition with pastoralism, as they could conveniently be relegated
to areas unsuited to commercial livestock raising, such as Arnhem Land, the
northern Kimberleys and the more remote desert regions. The earliest National
Parks and nature reserves were also on land of little pastoral value.

A modicum of land uses complementary to, or supportive of pastoralism could
be encouraged, the most important being hunting or trapping of "vermin ",
whether native macropods, dingoes or introduced species. A similar role was
granted to scattered, minor activities such as sandalwood cutting or bee-
keeping. Regarded as ancillary to pastoralism, these scarcely merited
official recognition as a form of land use, and could conveniently be ignored
in land legislation. Traditional aboriginal rights of movement and resource
use received formal or informal recognition, provided they were not a
"nuisance ".

Land legislation and administration conformed to these simple precepts,
having evolved by trail- and -error from the experience of over a century of
pastoral occupancy, within which the twin goals of resource development and
closer settlement had been pursued with vigour, if only with mixed success.

THE CHANGING CONTEXT OF LAND USE AND LAND MANAGEMENT

Only over the last two decades has this simple model of pastoral land use and
land management been subject to questioning, but the questions have rapidly
proliferated. So also have the alternative land use options, obviously
challenging the pastoralists' domain, particularly on marginal lands where
pastoralism's hold is tenuous. Significant new forms of alternative land use
include restoration of: aboriginal land rights, whether including pastoralism
or not; nature preservation; wide - ranging recreation and mineral exploration;
water catchments; defence and quarantine; locally focussed but widely
scattered intensification of land use, for tourism, mining, agriculture,
urban, defence, spaceport and other activities; and a growing incidence of
land held for speculative purposes.

Pastoralism's case as the "highest" form of land use has not been helped by
growing public concern about such outcomes as: land degradation; loss of
habitat and of native species; over -subdivision into non -viable holdings,
with consequent low incomes and increased demands for public assistance; and
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the mounting cross -subsidies needed to support enhanced services such as
D.R.C.S. telephones, S.W.E.R. electrification and improved roads.

While pastoralism continues to be seen as an appropriate use of Australia's
rangelands, there is a growing public recognition that its tenure should not
continue unquestioned. Two traditional related assumptions are under close
scrutiny. These are:

1. The paramountcy of pastoral production goals on lands under pastoral
occupance.

2. The priority of pastoralism to occupance of any tract of rangeland
with grazing potential.

Public opinion has markedly shifted in relation to these two questions. I
suggest that, two decades ago, the general response would have been strongly
supportive of the paramountcy of pastoral production and of its priority in
pastoral occupance. To -day, I suspect that there would be equally strong
negative responses or qualifications to these two assumptions. These changing
perceptions relate to a growing recognition of the alternative goals (or
uses) for pastoral lands, mentioned above. Their implications are clearly
recognisable.

The assumption of paramountcy of pastoral production
The developmental, output- maximising goal of pastoral production is
increasingly questioned, with growing recognition of the high sensitivity and
low resilience of most of our rangelands and of our limited capacity to take
remedial or restorative action. The public perception is that, not only
should pastoral practices ensure long -term sustainability, but, further, that
these practices should be compatible with preservationist goals, involving
protection of natural ecosystems and native species, where appropriate. This
applies not only to kangaroos and other macropods, but also to a widening
array of plant and animal species, considered under threat either nationally
or regionally. The acceptance of these goals thereby imposes an additional
non -pastoral use on these rangelands, namely the preservation of native
species and habitats. This use clearly infringes upon pastoral management
practices, which may be (and often are) voluntarily adopted by the
landholder, but are increasingly likely to be imposed by lease covenants or
other forms of regulation or prohibition.

Recreation is another use which increasingly infringes on pastoral
management, particularly in areas of high recreation intensity: attractive
waterholes and wetlands; major estuaries and shorelines; spectacular
landscapes; challenging 4WD routes; or lands in close proximity to population
centres. Landholders, willingly or otherwise, are forced to adapt their
management in areas of high usage. Attempts to reassert the paramountcy of
pastoralism by prohibiting access will only lead to a strong outcry from
these directly affected, supported by a wider public, concerned to maintain
the principle of open access on well -used routes. These issues, not
previously requiring the attention of land administrators, have recently
been addressed in the various state enquiries into pastoral land
administration, with the most comprehensive appraisals and policy
recommendations being those contained in the South Australian (1981) and New
South Wales (1983) enquires.

The assumption of priority on land occupancy:
The traditional view has been to allow, indeed encourage pastoral occupancy
of all land which might yield some return, however meagre, to pastoralism.
The momentum of pastoral occupancy ensured its entrenchment over all
available land, being displaced only by "higher" forms of land use. Just as
nature abhors a vacuum, so also have Australian land administrators. In
Queensland, for example, where vacant crown land embraces less than one
percent of the state's area, the declared policy has been to offer leases and
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licences generously over all available land, ostensibly for pastoral use, to
ensure that in all cases some person has a responsibility to "look after the
land ". On the most marginal lands pastoralism may well have been only a token
activity, with the land being held as a very low -cost , speculative
"investment ". Nevertheless, the occupancy could only be legally justified in
relation to its actual or potential pastoral use, as indicated in the
covenants attached to leases and occupation licenses.

Pastoralism's claim to priority in land allocation has been dramatically
undermined in the last two decades, with two major, distinct, powerful
political and social impulses emerging to challenge for control over major
tracts of Australia's rangelands.

The first of these impulses, with very strong national and international
foundations, is the growing public acceptance of the need to achieve at least
partial restoration of traditional aboriginal land rights. This has become an
issue of paramount public concern, entailing the creation of a series of
single -purpose major public enquiries, by- passing established administrative
practices in land allocation within the rangelands and leading to a
remarkably rapid transformation of systems of land tenure and land ownership
over major tracts of the Australian rangelands.

The second of these impulses is the much more diffuse, but very persistent
growth of a diversity of public interests relating to access, use and
management of Australia's pastoral lands. A multiplicity of public and
private interests, sometimes complementary to, but often in competition or
conflict with each other (and with pastoralism) have been rapidly emerging.
These interests are being met in part by the withdrawal of land from
pastoralism and its reallocation to National Parks, nature reserves,
recreation reserves and various other uses, and in part by a redefinition of
the rights and obligations of pastoral leaseholders vis -a -vis other
interested parties. Compared with aboriginal land rights, the policy response
to this second impulse has been gradualist, piecemeal and incomplete with the
policy shift largely occurring as a succession of ad hoc decisions in
response to specific issues. The main vehicle for overall policy review has
been the pastoral tenure enquiries undertaken or currently in progress in all
Australian jurisdictions with extensive rangelands. See: Western Australia,
Minister for Lands, 1979; Northern Territory, Minister for Lands and Housing,
1980; New South Wales Parliament, Joint Select Committee to Enquire into the
Western Division, Second Report, 1983; South Australia, Minister for Lands,
1981; Western Australia, Department of Premier and Cabinet, 1986. Further
impact into policy review has come from recent reports into two marginal
regions, namely the Kimberley District (Western Australia, Minister for
Regional Development and the North -West, 1984) and the Northern Territory
Gulf District (Northern Territory, Department of Lands, 1986; Department of
Lands and Housing, 1990; also see: Holmes, 1990. Currently a pastoral tenure
review is being undertaken in Queensland, the only jurisdiction in which no
public review had been undertaken in the previous decade.

LAND TENURE AND LAND USE DIMENSIONS IN THE PASTORAL /NON -PASTORAL CONTINUUM: A
CONCEPTUAL FRAMEWORK

Given the current very complex, rapidly -changing context with a diversity of
land tenures, land uses and jurisdictions, it is important to construct a
logical, consistent conceptual framework within which various combinations of
land tenure and use can be placed. I am indebted to Michael Young for
providing the first step in the conceptualisation, given below, by making a
distinction between multiple and joint use. According to Young (personal
communication) the term multiple use entails two or more uses where one
decision -maker has control over the type, intensity and combination of land
uses, whereas the term joint use is appropriate where no single decision -
maker has total control. As examples of multiple use, Young instances
pastoral and resort activities under one owner, or forestry and conservation
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under a single department. Examples of joint use include: pastoralism and
mineral exploration; pastoralism and open access; or pastoralism and
traditional aboriginal activities. The concept of joint use can be clearly
differentiated into contexts where two or more identifiable decision -makers
are involved, as with pastoralism and mineral exploration, compared with
contexts where one (or more) of the parties either is a surrogate user, as
with a trustee involved with public recreation access, or is not formally
identifiable, as with traditional aboriginal use or informal recreational
activities.

Table 1. Land tenure and land use dimensions to the pastoral /non -pastoral
continuum.

Land tenure/ Pastoral use
land use only

Multiple use:
pastoralism
dominant

Multiple use: Non -pastoral use
pastoralism (single or Multiple)
subordinate

Pastoral tenure 1. Unfettered
only monofunctional

pastoralism

Joint tenure:
pastoralist
dominant

Joint tenure:
pastoralist
subordinate

Non -pastoral
tenure

5. Monofunctional
pastoralism with
production- related
lease covenants

9. Grazing right or
occupation licence
on Crown land,
which is not used
for any other
purpose

13. Monofunctional
pastoralism on land
held under other
tenure (very rare).

2. Pastoralism with
one or more of:
recreation;
presentation;
speculation;
commercial hunting;
etc....all at
discretion of
pastoralist.

6. Pastoralism with
one or more of:
aboriginal use
mining or mining
exploration; public
access; covenants or
conservation or
preservation; or
other designated
non -pastoral uses.

10. As in 9. but
with a lower level
of non - pastoral than
pastoral uses:
recreation; camping;
water, forestry or
other reserve.

14. Pastoralism with
traditional
activities on
aboriginal land.

3. Pastoralism
subordinate to one
or more of
activities listed in
2 and also to
residential use...
at discretion of
land holder. Lease
held by mining
company.

7. As in 6 but with
pastoralism a
subordinate use by
decision of
landholder

11. As in 10 but
with a higher level
of non - pastoral
uses, also possibly
including
preservation.

15. Pastoralism
subordinate to
traditional
activities on
aboriginal land.

4. Lease either
destocked or with
unmanaged
unharvested
livestock, with one
or more of
activities listed in
3 and also unused
...at discretion of
landholder.

8. As in 6 but with
lease either
destocked or with
unmanaged,
unharvested
livestock.

12. As in 11 but
with inactivity by
holder of grazing
right or occupation
licence.

16. Aboriginal non-
pastoral lands;
National Parks;
nature reserve;
recreation reserves;
vacant Crown land;
etc.

This distinction between multiple and joint use can be used as a starting
point for a more comprehensive conceptualisation, in which two separate but
related attributes are linked, namely the ownership /control/ access /resource
rights attached to the land, here simply described as tenure, on the one hand
and the use of the land on the other. It is then possible to provide a cross -
analysis of a spectrum of land tenures (single or joint) with a comparable
system of land uses (single or multiple.)
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This cross analysis is undertaken in Table 1. This is a special -purpose
table, structured around the partitioning between pastoral /non -pastoral
tenures and uses. It is thus a special case from a generic cross -analysis
partitioning all possible combinations of tenures and uses.

It is suggested here that the nomenclature proposed by Young provides a very
useful first approximation to describe two sharply differentiated contexts,
but that it fails to provide a basis for encompassing the range of
combinations which currently exist.

It is further suggested that comprehensive reviews of land tenure policies
and land use strategies within Australia's rangelands cannot be effectively
undertaken as two separate exercises, but that they should proceed in a co-
ordinated way, recognising the close functional ties between tenure systems
and the preferred land uses, as indicated in the cross -analysis shown in
Table 1. This will involve a more systematic, rational, up -dated approach to
land tenure than currently exists in most states.

These issues will be touched upon in the summary reviews of aboriginal and
non -aboriginal tenures and uses, in the remainder of this paper.

ABORIGINAL LAND RIGHTS

The rapid public recognition of aboriginal land rights, together with the
formulation and implementation of public policies, largely through the medium
of high -level independent public enquiries, has created the most radical
shift in Australian land legislation since the New South Wales Robertson Land
Acts of 1861. Already there have been far- reaching consequences, most
strikingly in the transfer of land to aboriginal ownership, and, to a lesser
extent, in the clearer recognition of traditional aboriginal rights on lands
not under aboriginal title.

Aboriginal land title
There has been a speedy transfer of substantial land tracts to aboriginal
ownership, most notably in the Northern Territory and South Australia.
Equally significant has been the creation of entirely new forms of land
tenure which differ radically from the transferable proprietary titles which
were previously considered the only appropriate form of non -public land
ownership. The communally- owned, non -transferable freehold land title granted
in the Northern Territory by the federal government and also in South
Australia by the state government is a markedly different land title concept,
yet to be fully tested and with the long -term implications yet to be
determined. A wide array of issues has emerged, concerning land use and
access by °both aboriginals and non -aboriginals.

Aboriginal use and access
There are many questions, not yet fully resolved, about the land rights of
individuals and groups, particularly with conflicts over traditional
ownership versus residency criteria; over the restoration of traditional
resource use through hunting and collecting versus pastoralism; over long-
term goals of cultural survival versus economic viability; over land
management and the threat of over -use with aureoles of land degradation near
settlements and in well- frequented areas; and over decision -making
procedures.

A very high proportion of aboriginal freehold land is former vacant crown
land of such low resource potential that it is largely insulated against
misuse. Most of this land will remain "unused ". However, the progressive
transfer of pastoral leases with significant resource potential to aboriginal
ownership will accentuate issues of land title and use mentioned above. One
further problem arises from the misplaced assumption that these pastoral
holdings hold out the prospect of commercial viability, sufficient to support
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the resident population. There are two basic problems: firstly the intensity
of pastoral use and the level of income generated is likely to be lower than
formerly, particularly if pastoralism is treated as a subsistence supplement;
and secondly, the resident population is generally too numerous to be
effectively supported from the limited resource base.

There is a growing body of research into the economic and social structure of
remote aboriginal communities, but only limited attention has been given to
land uses which are culturally, economically and environmental sustainable.
To this writer's knowledge, the most comprehensive appraisals of land use and
resources on aboriginal rangelands is that undertaken by Cane and Stanley
(1985) and in the East Kimberley Project (see the various project reports and
also Coombs, McCann, Ross and Williams, 1989). At the behest of Coombs, the
Centre of resource and Environmental Studies at A.N.U. is initiating a major
project on sustainable use of aboriginal lands.

Many of these issues are inextricably linked to the nature of the land title.
Given the multiplicity of federal, state and territorial jurisdictions
existing in Australia, and the divergent attitudes to aboriginal land rights,
it is hardly surprising that there have been widely differing approaches to
the grant of aboriginal title and to the rights awarded to aboriginals under
various titles. In the Northern Territory the matter is further complicated
by the decision of the federal government, in 1976, to reserve to itself
powers relating to the granting of lands to aboriginals at the time of
territorial self -government. These powers were incorporated in the aboriginal
land rights (Northern Territory) Act 1976, which continues to have a decisive
role in land allocation and land use in the territory, much to the annoyance
of the territory government, which has pursued an independent policy on
aboriginal land rights, partly in conflict with, and partly complementary to,
federal land rights programmers. Conflicts embrace a wide array of issues,
but are mainly directed to the areal extent of freehold land grants, the
rights attached to freehold land (particularly restrictions on access and
negotiations over royalties,) the programme of excisions from pastoral leases
for aboriginal community living areas and the aboriginal claim to stock
routes and stock reserves.

The most radical land tenure changes have been implemented by the federal and
South Australian governments, with communal, non -transferable freehold title,
awarding rights according to traditional aboriginal law. At the other extreme
are the limited land rights, hastily awarded by the Queensland government
under the impending threat of federal intervention, using an existing land
tenure titled Deed of Grant in Trust to award trustee rights over existing
aboriginal reserves to the resident aboriginal communities. This title gives
scant recognition to traditional rights. Indeed, under the previous National
Party government, there was a persistent, though relatively unsuccessful,
move to "privatise" much of this land by award of rights similar to pastoral
leasehold to individual aboriginals who could supposedly demonstrate a
capability and establish a commercial pastoral enterprise. This limited -term
individual title was also made available for other purposes. It remains to be
seen what course of action the new Labour government will pursue in relation
to aboriginal lands in that state.

Non- aboriginal use and access

Equally problematic are questions relating to access and use by non- owners,
both aboriginal and non -aboriginal with the main policy issues relating to
the rights of non -aboriginal peoples and companies to gain access for
recreation, tourism, mineral exploration and mining. One further issue
concerns the preservation of significant habitat and endangered species.
Linked to these are questions of royalties, compensation and other payments.
The issues are complex, and, again, the emerging picture is confused by the
variety of jurisdictions involved. At one extreme has been the federal and
South Australian aboriginal freehold title by which access and use by non -

owners is gained only following very extensive negotiations in individual
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cases. Such negotiations have been needed to ensure the ongoing status of
Uluru and part of Kakadu as National Parks, following the award of aboriginal
title to these lands. Similar negotiations are needed between land- owners and
mining companies, in both the exploration and the operational stages of
mining ventures. Powers initially granted to landholders have proved so far-
reaching that the federal government has bowed to pressure for legislative
change which requires aboriginal landowners to follow an ongoing procedure of
negotiation with mining companies through to mine development once an initial
mine exploration agreement has been signed.

Aboriginal land ownership has become a major topic of ongoing research,
discussion and public enquiry, and is not pursued further in this paper.
However, one closely related issue deserves attention, namely the award of
certain usage rights to aboriginals on pastoral leases.

Aboriginal Rights on Pastoral Leases
Paralleling the award of aboriginal land ownership has been a revived
recognition of aboriginal rights on other lands, most notably on pastoral
leases. Three related developments should be noted:

1) The reaffirmation of long- standing rights of access to engage in
hunting, collecting and other traditional activities. These rights had
not been revoked, but had fallen into disuse in many areas. This
reaffirmation was a common recommendation in various pastoral tenure
reviews.

2) Of considerable importance has been the formal recognition and
declaration of sacred sites and other areas of significance to
aborigines. In some states, access to major sacred sites is now legally
under the control of traditional owners, even when on pastoral leases.

3) In response to federal pressure, the Northern Territory government
has legislated to allow for excisions from pastoral leases for
aboriginal community living areas. These excisions are not based upon
traditional ownership but on a current need to provide secure tenure for
small communities, usually historically tied to a particular pastoral
holding. Secure tenure will enable public investment in housing and
services. Following a strong reaffirmation of the underlying principles,
in the Toohey Report (Australia, 1983), excisions have been made or are
being negotiated on a large number of pastoral leases. Although the
excised areas are usually very small and inadequate even to support a
small "killer" herd, their significance on land use and management of
pastoral leases should not be underestimated. Freed from the historical
dependency ties on the pastoral lease, these small communities will be
able" to utilise adjacent pastoral lands for traditional and other
purposes, less fettered by the long -established constraints imposed by
dependency. Some pastoralists may well find it in their long -term
interests to negotiate arrangements involving joint use of pastoral
lands adjacent to excisions, including contracted rights to livestock
agistment or sub- leases for grazing or other purposes.

In all these cases the long -established paramountcy of pastoralism is being
abridged. Management will need to adapt to the pressures granted by these
alternative uses.

OTHER DEMANDS ON RANGELANDS

Of the non -aboriginal demands now being imposed on Australia's rangelands, by
far the most important and widespread are those arising from
tourism /recreation and from conservation /preservation. Where these two
interests converge, as in areas of high tourist and environmental value,
pastoralism is almost certain to be relegated to a subordinate role or
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entirely excluded. These conjoint uses are generating inexorable pressures
for a comprehensive, representative system of National Parks and nature
reserves across all biogeographical regions within Australia's rangelands,
even in the face of concerted resistance, indeed outright hostility, from
local pastoralist groups. The strength of this demand for land use change was
clearly demonstrated when, even under the previous rural- dominated Queensland
National Party government, a circuitous procedure was adopted to establish
the Thrushton and Idalia National Parks in the midst of mulga country, in the
face of persistent, strident local opposition, based upon the perceived
incompatibility between sheep raising and habitat preservation on adjoining
land, because of presumed threats from dingoes, feral animals, kangaroos and
other "vermin."

These mounting pressures, generating a multiplicity of major and minor "flash
points," clearly indicate that land policies based on status quo or laissez -
faire or even desultory review are not good enough. Such approaches were
adequate only when pressures for land use change were less persistent and
less widespread than is now the case, and policy- makers and land
administrators could rest on the comfortable assumption that there were
sufficient wide -open spaces in the Australian Outback to allow satisfactory
extempore compromises, involving informal arrangements for multiple land use,
with "give- and -take" between landholders and a small, irregular, reasonably
well -known group of other users. Given the enhanced mobility of Australians,
particularly using 4WD and other cross -country vehicles, the growing threats
to our native plants and animals and the attention to land degradation, it
can be predicted that the pressures on pastoral leaseholders to accept
multiple land -use goals and on other users to regularise their access to
pastoral lands, can only be properly handed by the adaptation of leasehold
tenures to these changing circumstances. This has been partially recognised
in the various pastoral tenure reviews, but only adequately addressed in the
South Australian review, and formalised in the Pastoral Land Management and
Conservation Act, 1989, which contains mechanisms to monitor and regulate
rangeland condition as well as to regularise procedures for public access to
rangelands.

Quite apart from the two major land uses, described above, there are other
pressures for land use change in Australia's rangelands. Most of these entail
localised intensification of land use and parallel conversion of tenure to
more secure title. Examples include: intensive agriculture; tourist resorts;
mining; urban growth; infrastructure requirements; and even spaceport
proposals. These localised developments lie outside the scope of this paper
but highly relevant to the present discussion is the speculative purchase of
pastoral leases in anticipation of windfall profits. The causes and
consequences of land "investment" are briefly discussed later.

Whereas land speculation can best be addressed by clarification of the
property rights attached to particular tenures, the demands being generated
by tourism /recreation and by conservation /preservation are much more
widespread and complex, requiring a combination of land use planning with
land tenure reform. As with aboriginal land rights, there is a need to
achieve a sensible balance between land transfer away from pastoralism to
other uses, on the one hand, and, on the other, the reform of land tenure
policies to facilitate and encourage an appropriate mix of land uses in
conjunction with pastoralism. These two strategies are briefly discussed,
below.

Conversion of Land to Recreation /Tourism and to Conservation/Preservation:

The conversion of land to these non -pastoral uses generally requires a strong
policy commitment by state /territorial governments, involving a reasonable
level of public support and collaboration between various government
departments. This is particularly the case in meeting the goals of
preservation, involving the retention of significant tracts of land in as
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pristine condition as is feasible, thus requiring the exclusion of
pastoralism. On the other hand, conservation, recreation and tourism can
often be accommodated with pastoralism in a multiple land use strategy.

The states /territory have been proceeding at markedly different rates in
establishing National Parks and nature reserves in their rangelands. The
initial stages are relatively uncontroversial, since they involve the
acquisition of land of high scenic attraction and tourist potential, as well
as high conservation status. Also, commonly, these areas have very low
pastoral value, Examples include Uluru and Kakadu in the Northern Territory,
Mootwingee, Kinchega and Sturt in New South Wales, Simpson Desert, Carnarvon
and Iron Range in Queensland, Lake Eyre, Simpson and Gammon Ranges in South
Australia, and Hamersley Range in Western Australia.

The task becomes much more complex and problematic at the stage of
acquisition of a comprehensive, system of parks and reserves, fully
representative of the ecological diversity within each biogeographic region,
while also ensuring the survival of endangered species. This must entail the
acquisition of some lands of much higher pastoral productivity where the
conservation values and tourism benefits to the local economy are not so
readily discernible, particularly to local landholders. Futhermore, the
sprinkling of these reserves throughout pastoral lands is sure to maximise
the scope for local opposition, on the grounds of land use incompatibility,
already mentioned. These local concerns are sure to present formidable
management problems, at some cost, to national parks services. In some cases,
the only solution may be to engage in a form of multiple land use, involving
grazing licences with strict limits on livestock numbers and with other tight
management provisions, as the only expedient solution to otherwise very
costly management methods.

An example of a comprehensive scheme is the proposal for a network of
fourteen nature reserves within the Queensland mulga country, from research
commissioned by the Queensland National Parks and Wildlife Service (see
Purdie, 1986). As already mentioned, the establishment of the first of these
reserves generated such conflict, that a persistent, determined governmental
commitment was needed to achieve success. Somewhat perversely, the
biogeographic regions within Queensland's rangelands have a smaller and less
representative set of reserves than do Queensland's more closely settled
coastal areas. This, in part, reflects the strong ongoing opposition of
pastoral landholders to establishment of reserves in their vicinity,
reinforced by an ongoing belief in the priority of pastoralism in all
rangelands.

Multiple Land Use: Pastoralism with Conservation /Preservation:

Of comparable importance to the assignment of land to
conservation /preservation uses is the pursuit of strategies to ensure that
conservation and preservation objectives are pursued in conjunction with
pastoralism.

The most basic conservation goal is coincident with ongoing pastoral land
use, and this cannot be considered as a separate land use. This is the goal
of sustainable pastoral land use, which also entails effective land care
programmes. The complex set of policy issues and programmes involved in
pursuing these goals lies outside the scope of this paper. However, it is
worth noting that New South Wales and South Australia have both implemented
land tenure reforms directed towards monitoring either stocking rates or the
impact of grazing to ensure that degradation is minimised. In both cases
there are penalties and enforcement provisions.

The adoption of conservation goals in leasehold covenants can be interpreted
as a possible prelude to further policies by which more avowedly
preservationist objectives may be pursued. These may well be directed towards
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preservation of remnant significant ecosystems in near -pristine condition, by
limitations on the intensity and timing of livestock grazing, thereby
establishing a system of multiple land use, entailing expansion of the public
involvement in a joint tenure arrangement. In its more modest form, this can
be achieved by revision of leasehold covenants. In its more radical form,
where preservation outweighs production goals, the tenure system should
reflect this relative weighting by having the land revert to some form of
public reserve, with pastoralism being pursued under occupation licence or
gazing rights with strict limitations. In either circumstance, compensation
for diminution of property rights would be due to the leaseholder. These
forms of tenure may well be appropriate for extensive areas of grazing lands
of low productivity and high sensitivity on the arid margins. They may also
be appropriate for many wetland areas, in both the arid zone and also in the
northern savannas, particularly adjacent to the coastline.

One very recent innovative land tenure, being used selectively in South
Australia, offers prospects for formalising a balanced multiple land use and
land management plan under a joint tenure on former pastoral leases which
have a high use value for native preservation or tourism or some other land
use. This new tenure is title Regional Reserve, and is initially conceived as
a lower -cost, more readily manageable alternative to a National Park. On the
initiative of the National Park and Wildlife Service, the two relevant
departments (Lands, and Environment and Planning) will negotiate an agreement
with the pastoral lessee by which appropriate areas are designated for
preservation or tourism purposes, with livestock excluded, and with
limitations on livestock numbers on the remaining pastoral area. The lessee
continues to have management responsibilities over the entire lease and has
the right to develop tourist facilities and activities, by agreement. The
lessee receives compensation for any reduction in pastoral capacity and also

. a reduced, incentive -related annual rental charge. Only select areas will be
designated as Regional Reserves, with the first two being Innamincka,
focussing on the wetlands of the lower Cooper system, and Arkaroola,
involving tourism and conservation in the Northern Flinders Range. The
Regional Reserve concept is a logical response to concerns about excessive
amounts of land being absorbed into National Parks which are then
inadequately financed and managed. As a joint- tenure, multiple -use system, it
can be classified under categories 6,7,10 or 11 in Table 1, according to the
relative balance in tenure and use.

ultiple Land Use: Pastoralism with Tourism /Recreation

As elsewhere, tourism and recreational activities have proliferated and
diversified in recent decades, with considerable further growth to be
reasonably expected. Although tourism /recreation typically is focussed at
major points of attraction, there is also a significant level of "free-
ranging" activity, much of which is strongly attracted to the rangelands
because of its combined sense of freedom and of challenge, with the
opportunity to venture into the "wide open spaces ", to experience
"wilderness ", to enjoy some spectacular and unusual scenery and because of
the availability of specialist recreational opportunities: hunting,
fossicking, cross -country 4WD ventures, safaris, working holidays on stations
and so on.

Recreation /tourism is not "land hungry ". It requires exclusive use of only
very limited tracts of land, most notably for capital intensive resorts and
related infrastructure. When properly managed, recreation /tourism can be
complementary to other land uses, including both pastoralism and
conservation /preservation, in a system of multiple land use. This offers a
challenge and an opportunity for rangeland landholders and administrators to
achieve an effective integration of these activities. Various problems and
possible solutions, particularly relating to controlled access and to
educating recreationists, have been addressed in the various pastoral land
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tenure reviews. South Australia's Regional Reserve tenure is certainly the
most innovative of various recent proposals.

On the more productive pastoral lands, particularly those controlled by large
stations, recreationists are regarded as a major nuisance, to be discouraged
in all possible ways. The large stations on the Barkly Tablelands well
exemplify strictly monofunctional land use and encapsulated, self- contained
life- support systems (see Holmes, 1984). On the more productive lands, with
capital improvements and tight herd or flock control, uncontrolled visitors
can create serious problems. Furthermore, the pastoral enterprise is so
specialised and substantial that pastoralists can see little advantage in
income -supplementation from recreation use.

It is an entirely different matter on the most marginal pastoral lands of low
productivity, with few capital improvements, few fences, relative
uncontrolled herds and low incomes. In this situation, many pastoralists
welcome the prospect for income diversification, but commonly are handicapped
by their isolated location, well away from major centres or routeways, and
largely visited by non -local, self- contained parties of hunters, fishers and
other recreationists in 4WD vehicles, yielding few income -earning prospects,
even where recreational opportunities are quite high. This is well
illustrated in the Northern Territory Gulf District where the recent proposal
to convert pastoral leases to multipurpose Crown leases may have little
positive effect, given that the income potential from tourism may prove even
more elusive than that from "harvesting" of semi -feral cattle. (see later).

One context which does provide significant opportunities for land use
diversification is in more accessible locations, most notably those adjacent
to major population centres or to well -frequented tourist locations. Near
major centres, such as Darwin, Broken Hill and Mt Isa, some landholders have
tried to turn to their advantage previously burdensome recreational pressures
from local urbanities. This has led to well- established informal agreements
such as exclusive hunting rights to a small group of identifiable individuals
at an annual fee. These hunters can then share with the landholder a common
interest in effective recreational /pastoral management.

Where significant capital investment in tourist facilities is undertaken,the
accepted procedure is to transfer the needed land from pastoral lease into
some other land tenure. Commonly the two land parcels remain under single
ownership, thus allowing a complementary form of land use, with managed
access to the pastoral lease. Where separation of ownership does occur, the
complementary relationship can still be maintained by negotiation, ensuring
continuing multiple use of the pastoral lease for a set fee.

Land Speculation and Prospective Land Use Change

A rapidly expanding form of land "use" within Australia's rangeland is the
speculative purchase of pastoral leases in anticipation of windfall profits
from prospective land conversion to more intensive uses. Endemic, low -level
land speculation is well entrenched on the most marginal leases which offer
very low entry costs and negligible "operating" expenses, as identified in
the Northern Territory Gulf Country (Holmes, 1990 a). This must be fairly
widespread, with the owner engaging in income -earning only sporadically and
optimistically, most commonly by an occasional contract muster of feral
cattle.

Since 1988 there has been an epidemic of speculative activity on Cape York
Peninsula, triggered by the spaceport proposal and a number of over ambitious
resort proposals, and fuelled by the customary over inflated anticipation of
benefits. Speculation has been greatly facilitated by the progressive
reinterpretation of the property rights attached to pastoral leasehold by the
previous Queensland government. This was achieved by over generous
Ministerial approvals of freehold proposals and by an over extension of the
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rights attached to leaseholders, and even to occupation licences. This writer
has made the following comments on the outcome of government policy:

"In recent decades, the state government has been abdicating its legislated
powers over Pastoral Leases and occupational licences. It is thereby also
abdicating its responsibilities to administer leased and licensed crown land
in the public interest.

In doing so, the government has conferred an over extended set of property
rights on holders of leases and licences, in many instances closely
paralleling rights of freeholders. These additional property rights are
rightly seen by land speculators as providing an excellent new land market
opportunity, to command land in strategic locations at very low entry cost,
relative to prospective final land value if development proposals reach
fruition. However, prices are disproportionately high relative to any current
use of the land. Also there is a powerful spill -over effect onto other lands,
grossly distorting the land market.

Intending bona fide pastoralists are priced out of the land market, further
undermining the already precarious status of the Peninsula pastoral industry.
Other prospective users, including land purchases for conservation,
aboriginal or tourist purposes will have to pay unrealistic prices to land
speculators.

This speculative land market can readily be extinguished by a clear
restatement of the public interest in these leased and licensed crown lands
and of the limitation of the rights of lessees and licensees to those related
solely to pastoral land use, thus quarantining pastoral land against
speculative influences.

An effective land use strategy for the Peninsula will need to be accompanied
by a sharp change in the interpretation of land tenure legislation, restoring
the powers and responsibilities of the government, particularly in the
context of land conversion to non -pastoral uses. Without an effective policy
on land tenure, any land use strategy will be very difficult to implement."
(Holmes in press) .

This divergence between recent Queensland practice and that generally applied
in other states is clearly indicated by reference to the 1986 Final Report on
Pastoral Land Tenure forwarded to the Western Australian Department of
Premier and Cabinet, which reaffirmed three basic principles:

Continuation of the leasehold tenure system, with no provision for
pastoral freeholding.

Provision for any future land use change to be by government resumption
and reallocation to other tenures.

Fair compensation, but based only on the assessed value for pastoral
production.

These provisions seem to be necessary if land use change within Australia's
rangelands is to be achieved without undue distortion of land markets and
consequent negative outcomes regarding land use options and land use
planning. Again, it is a matter of ensuring that the land tenure system, and
particularly the determination of individual property rights, is compatible
with land use requirements.

A REVISED MODEL OF LAND USE AND LAND TENURE FOR AUSTRALIA'S RANGELANDS

With the continuing growth in land use options and in opportunities for
competition, conflict or complementarity, so also will there be growing
challenges to rangeland administrators and planners. While land use planning
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may have seemed a needless activity until recently, it is clearly becoming
essential. This is well evidenced by the preparation of a draft land use
plan for the Northern Territory Gulf District (Department of Lands and
Housing, 1990), the proposal for a comprehensive land use strategy for Cape
York Peninsula, and the development of leasehold administration procedures
in New South Wales and South Australia, which provide powers equivalent to
normal planning provisions.

It can be argued that, in Australia's rangelands, the most appropriate
vehicle for planning is through reform of the system of leasehold tenure, by
development of an updated set of tenures and revised covenants more attuned
to current concerns about sustainable use, about access for other parties
and about effective procedures for land use change. The leasehold system can
provide much -needed flexibility, and adaptation at the individual -property
level, which is more appropriate in the rangelands, rather than rely on the
formal land use zoning procedures which are suited to more populated areas
with a multiplicity of small landholdings. This property -related flexibility
may well prove to be the most powerful reason for retaining the leasehold
system, and is currently being utilised, to an increasing extent, in the
N.S.W. Western Division (see Campbell and O'Shea, 1990).

This move towards property -based flexibility in the application of land
policies should be paralleled by land tenure reform to accommodate emerging
land use options and new imperatives towards land use planning. The old
imperatives underlying pastoral land tenure served well for a period of one
century. There were founded upon an assumed predictable progression towards
intensification of land use and investment, requiring a parallel progression
towards privatisation of land ownership by conversion to more secure
tenures, with land alienation to freehold as the final step. This was
founded upon a coherent philosophy of land development and closer
settlement.

This model of sequential change in land use and land tenure has long been
obsolete, yet it has not been replaced effectively by any alternative model
upon which a philosophy of land tenure legislation and administration can be
based. It is argued here that the new model can indeed be discerned, founded
upon a full recognition of the emerging land use options for Australia's
rangelands with a set of land tenures mirroring these options, more
effectively than currently indicated in Table 1.

A useful starting point is to examine the geographical contexts within which
land use change is occurring. Our growing knowledge of rangeland ecosystems
and productivity levels can be of considerable help in this task. The most
critical basis for land tenure differentiation lies in the broad zonal
gradients in land productivity and land resilience which can readily be
identified, even though these two attributes are only imperfectly connected.
This gradient is roughly paralleled by other zonal gradients including:

diminishing livestock densities and income per unit area;
lower land values and capital inputs;
a lower relative importance of pastoralism vis -a -vis other uses, if only

because of the diminishing value of pastoralism;
further enhancement of environmental compared with economic values, partly

from ecological fragility and partly from higher wilderness /habitat values;
greater attractiveness of the land for certain other purposes, including

recreation, conservation and, in some areas, aboriginal use.
accordingly, a strengthening of the accumulated public and outside private

interests relative to the private interest residing with the landholder.

It is argued that these recognisable, interrelated zonal gradients should be
examined as a possible basis for defining and delineating geographically
distinct sets of lease hold tenure systems, involving possible lease terms
as well as covenants.
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This model of geographically differentiated land tenure systems is founded
upon two major zonal pastoral productivity gradients, the first being
associated with increasing aridity, proceeding towards the desert margins,
and the second with lower pastoral productivity in the higher -rainfall
northern savanna zone. These zonal models provide only an approximation of
localised diversity in pastoral productivity, but, even within this
diversity, there generally persists an inverse relationship between pastoral
value and the value of the land for other purposes, most notably recreation
and preservation. This fortunate inverse relationship provides a very useful
basis for differentiation of recommended land use and related land tenure,
with the more secure pastoral tenure on the more productive land, as is
proposed in the Draft Gulf Region and the Development Study, 1990, described
below.

The most noteworthy exception to this suggested inverse relationship occurs
in the wetlands and adjacent frontage country in almost all contexts,
extending from northern estuaries and riverine tracts to the channels,
billabongs, swamps and ephemeral lagoons of the interior. These areas will
require carefully negotiated multipurpose tenures similar in character to
South Australia's Regional Reserves, to ensure effective complementary
multiple land use.

THE NORTHERN TERRITORY GULF REGION:. LAND TENURE REFORM FOR LAND USE PLANNING

The Northern Territory Gulf Region provides a useful context in which to
observe forces which are leading to land use differentiation, prospectively
facilitated by land use planning and land tenure reform. This region
contains some of Australia's most marginal pastoral lands. Cattle raising,
never securely established on these lands, is in retreat under the
unrealisable management and investment pressures exerted by the Brucellosis
and Tuberculosis Eradication Campaign. The Department of Lands invited this
writer to examine the viability of marginal leases and to identify
alternative uses for non -viable pastoral leases, (Northern Territory 1986;
Holmes 1990). Already two alternative uses have emerged, in an informal way,
on the most marginal leases. One use is an entrenched form of low -cost,
endemic land speculation, facilitated by a highly entrepreneurial Sydney -
based real estate dealer who arranges a steady turnover of five or six
leases, acting as agent for seller, for buyer and then agent "manager ".
These leases are not placed on an effective production footing, but are
subject to token investment and management. The second use is as residential
plus semi -subsistence blocks on a group of leases engaging in sporadic
mustering only when the pressure to pay outstanding bills becomes too great.

Within the Gulf Region there is a very marked productivity gradient from
with to north, but with considerable local variability, particularly in the
transitional zone between Barkly and Gulf ecosystems. This leads to a
definable mosaic of lands of varying pastoral productivity, which this
writer (with the assistance of Graeme Hockey, N.T. Department of Lands and
Housing) has delineated into core management areas for pastoralism, together
with areas suitable for ongoing bush mustering and finally, areas of no
pastoral value. Also, as part of the investigation, this writer examined
possible land use options for non -viable pastoral leases. This included the
delineation of prospective areas for National Parks, nature reserves and
wilderness preservation. While the report included preliminary discussion on
alternative pastoral tenures, these lay beyond the terms of reference of the
investigations.

However, it is significant that the Northern Territory Department of Lands
and Housing has used the Holmes Report as the starting point for a more
wide -ranging investigation into future directions for land use and regional
development in the Gulf Region, including recommendations for restructuring
land tenures, with an expanded use of Crown leases to encourage multiple
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land use, involving a mix of pastoralism, recreation and preservation uses,
similar to South Australia's Regional Parks (see Northern Territory, 1990).
If implemented, the recommendations of this report will lead to a mosaic of
land tenures and land uses, consistent with the environmental and pastoral
productivity mosaics identified in the 1986 report.

While the 1990 report is only a draft, released by the responsible minister
in June and now receiving public comment, it nevertheless is indicative of
the major new policy directions which will emerge in recognising the
relationship between land capabilities, land use prospects, land management
needs, land tenures and overall land use planning, which will become more
firmly established within Australia's rangelands, particularly in those
areas where pastoralism's loss of status as the prior and paramount land use
requires much more attention to future options.
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LAND USES ON ABORIGINAL LANDS IN SOUTHERN NORTHERN TERRITORY.

M.Burslem; J.Stoll; A.Kenyon.
Central Land Council

Land Management Section
PO Box 3321

Alice Springs NT 0871

ABSTRACT

Since the introduction of the Land Rights Act (N.T.) 1976 the debate over
land use has been very emotive. Historically, Europeans have been quite
single minded in their pursuit of natural resources and slow in their efforts
to accommodate the social and economic needs of Aboriginal people who are
directly affected. This paper shows that there need not be conflicts over
Aboriginal land if there is an exhibition of common courtesy and a respect
for Aboriginal culture.

The challenge presented in this paper is for Australian land users (and
funding agencies to Aboriginal organisations) to develop an understanding of
Aboriginal culture and priorities with regard to land use. The challenge is
also to understand the benefits of Aboriginal land to both Aboriginal and non
Aboriginal Australians. There is a need to develop social cost benefit
techniques that take into account and accurately quantify these non monetary
benefits.

INTRODUCTION

Prior to the European invasion of central Australia the semi -nomadic
Aboriginal people actively managed the land, basing their practices on
thousands of years of accumulated knowledge. Traditional land use revolved
around the society's hunting and gathering activities, and was founded on a
strong spiritual base. To a large degree the "traditional" Australian
landscape is an Aboriginal artifact, maintained in its "pristine" form by
conscious Aboriginal management(1).

The European occupation of the land, accompanied by the forced removal of
Aboriginal people to settlements, has resulted in a radical change in land
use. Present land uses are a result of conflict over the control of
resources and the relationship between the inhabitants' present needs and
their responsibility for future generations.

The introduction of the Land Rights Act in 1977 hallowed the official
adoption of the policy of self- determination. This gave Aboriginal people a
degree of control of their own lives and of what happens to a proportion of
their tribal lands. Suddenly land that non Aboriginal Australians didn't want
became potentially land that they couldn't have, a degree of control was
vested in the previously powerless, and the Land Rights paranoia began.

WHAT IS ABORIGINAL LAND?

In Central Australia traditional systems of tenure exist even where more
recent non Aboriginal systems of tenure have "come in on top ". However
traditional tenure has only been legally recognised since the Aboriginal Land
Rights (N.T.) Act came into effect in 1977.
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This Act has enabled groups of Aboriginal people of the Northern Territory
to claim portions of their traditional lands, provided that the land affecti
is owned by Aboriginal people or is still unalienated and is owned by the
Crown. Since all productive land had already been occupied by the European
settlers almost all Aboriginal land is, by western standards, useless.
However this does not imply that land that is now Aboriginal owned has not
been affected by European encroachment. The environment has been adversely
modified by mining, introduced animal species including rabbits, cattle,
horses, donkeys, foxes and cats and by noxious plant species.

Aboriginal people are therefore now faced with land management issues which
have developed as a result of non -traditional land use. They are faced with
the deterioration of the condition and the sustainability of the physical
environment, which in turn leads to deterioration of Aboriginal peoples'
individual life style and the health of the community.

In many cases Aboriginal communities link this deterioration of lifestyle
directly to the loss of a traditional values. People do not necessarily want
to return to a subsistence style existence, but they have experienced the
breakdown of their society following exposure to western values. Aboriginal
Land gives Aboriginal people a cultural breathing space to reassess the
breakneck speed at which their environment has changed over the last 100
years and gives them a greater ability to choose the direction of their
future.

WHAT IS LAND USE?

Putting the politics of power aside, the crux of this debate is the different'
attitudes of the Aboriginal and non Aboriginal societies to "land use ".
Non Aboriginal Australia generally judges land to be under proper "use" if it
is producing commodities of quantifiable value; agricultural products,
minerals, wood or tourist dollars. Non -use, in the sense of non -production
of a commodity is not seen as an acceptable land use. However, the entire
traditional Australian Aboriginal approach to land management is to maintain
the status quo. Spiritually Aboriginal people do not differentiate between
the land, the associated traditional management activities, the flora and
fauna and themselves. Thus merely living on the land can be for them an all
encompassing land use.

This is not to say that Aboriginal people of central Australia do not wish tc
obtain economic independence, something that they, particularly when living
in remote locations, have very few means of acquiring. They remain the
poorest sections of the Australian community. However, it is patently obvious
to all who can see that economic development in Australia over the last 200
years has not been sustainable in any sense of the word. Aboriginal people
who have had no control over events in the past should not be expected to
hurtle down the same blind alley now that they have an opportunity to select
the pace of change.

LAND USE AND CONFLICT

The implication that Aboriginal Land is a form of land use, and a form of
land use that may conflict with other land uses implies an enormous
misunderstanding of both Aboriginal people and their land use practices.
Land use patterns on Aboriginal land are at least as wide as on non
Aboriginal land and support a considerably larger population than on non
Aboriginal land of a similar quality.
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Consideration of all other types of land use is based on the spiritual
relationship that Aboriginal people have with the land, colloquially known as
"looking after the country ". This relationship is strictly defined along
hereditary lines and is very specific. In some cases the responsibility that
people feel that they have to the land, will totally preclude any other form
of land use.

Conflict over the use of Aboriginal Land principally occurs between the
Aboriginal land owners, and sections of the non Aboriginal population who
feel that they should have an input into the way that Aboriginal land is used
and managed. Perhaps they forget to look over their shoulders and see what
has happened to the land that they have been managing for the last 100 years.

Not surprisingly the priorities of the Aboriginal land owners, and those who
feel that they know better, differ. Aboriginal groups are still fighting for
the most basic of human rights that are taken for granted by the non
Aboriginal population. Consultation with most rural Aboriginal communities
indicates that peoples' primary concerns still relate to cultural breakdown
and to basic service provision, and while those needs remain unsatisfied
other issues will remain a low priority. Difficulties are accentuated by
cultural differences in the perception of method of satisfaction of those
needs, for example housing needs for Aboriginal communities differ radically
from those in non Aboriginal communities.

A primary factor in non Aboriginal land use is specialisation, which
automatically leads to competition between the conflicting interest groups;
land can be used for conservation s2.,t pastoralism ag, housing. However,
Aboriginal land is often used at a low intensity for all these purposes, and
Aboriginal people do not perceive them as conflicting.

When McLaren Creek pastoral lease was purchased destocked in 1985 the
Traditional Owners saw the station principally as a chance to move back to
their land and maintain their cultural integrity. The station supports about
150 residents in five separate locations.

The management of the pastoral resource has changed quite considerably since
the transfer of ownership. They have developed the station at their own pace
and now run a small herd that pays its operating costs. The low stocking
rates have allowed the regeneration of native plant species and have arrested
the soil degradation. The reduction of grazing pressure, combined with a

traditional fire regime, has led to a reduction in the woody weed problem.
The Traditional Owners also harvest the feral horses on the property for the
export market and own a small gold mine and two mineral claims.

Community members supply the local tourist trade with quality artifacts and
also harvest native plant seed for commercial use. The Traditional Owners
for the area are also custodians for the Devils Marbles, a local tourist
attraction.

While the ownership of the station has not allowed the community to become
totally economically independent (many cattle stations have difficulty in
supporting one family) both the social and economic benefits are potentially
quantifiable.

Although this example of low level utilisation of a number of resources in
tandem may not provide a pattern of land use that is compatible with non
Aboriginal interests, there is no evidence to suggest that Aboriginal
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custodians have had an unreasonable approach to development proposals on
Aboriginal land(2).

Work done by Cousins and Nieuwenhuysen(5) on the mining industry found "that
Aboriginal communities in their study do not generally seem opposed to mining
or economic development in itself. They want instead development which
respects their cultural traditions, in accordance with their perceived needs,
and in which they can share the benefits."

So far this year the Central Land Council (CLC) has entered in to four
exploration agreements covering over ten thousand square kilometres of
Aboriginal land, and many more are under negotiation. When the Tanami Joint
Venture representative, Patrick Hardford said: "The agreements represent a
sound commercial position for both the land owners and Tanami Joint Venture,
with the rights of both parties adequately protected "; he demonstrated that
there is no need for conflict over land use, only negotiation.

The hand over and lease back of Uluru National Park from the Commonwealth to
the Aboriginal Traditional Owners has been well publicised and documented and
is presently operating under an agreement which is beneficial to all parties
concerned. At Watarrka (Kings Canyon) National Park a controversial
agreement (in terms of national park management) was reached between the
Northern Territory Government and the Traditional Owners to establish
Aboriginal living areas in the national park. However, this agreement
seriously compromised the Traditional Owners who saw a national park
established on their land, receiving only small living areas in return. Thus

it should be considered that it was not a matter of "allowing" Aboriginal
people to live in a national park but of imposing a national park on
Aboriginal land (3).

It is difficult to argue that cultural conservation is a less worthy aim than
nature conservation. Cultural conservation, where the traditional culture has
strong land ethic, may in fact enhance the chance of nature conservation (3).

Some Aboriginal groups are now considering tourism as a possible economic
venture. Small family groups are establishing "tours" to explain Aboriginal
culture, bush foods and their country. However, tourism does have
environmental problems. One such problem particularly associated with
Aboriginal lands is the pressure placed on mulga (Acacia aneura). Mulga is an

economically important wood. The increased demand for artifacts, along with
rabbits and a changed fire regime, is placing this species under pressure.
Other species used for artifacts include the river gum E.calmaldulensis,
E.terminalis and E.microtheca (4),however these are possibly under less
pressure at present.

Land Rights and mining and other developments can be and are compatible
providing there is compliance with the Aboriginal Land Rights Act, that fair
agreements are negotiated and there is a respect for Aboriginal culture.
Similar methodologies can be used to implement successful land management
strategies on Aboriginal land.

RECOMMENDATIONS

1.Aboriginal people must be consulted to determine their perceptions of land
management and aspirations for land use at a local and regional level.

106



2.Aboriginal perceptions of land use are as valid as those formulated by non
Aboriginal land management groups and should be recognised as such and be
given equal status.

3.Research is needed to identify environmental problems and issues
threatening Aboriginal land.

4.Data from the above mentioned research should be used in consultation with
Aboriginal groups, and in conjunction with basic geographical, social and
environmental data to develop long term land use strategies.

5.Support and funding for community projects should have continuity.
(Economic development potential should not be the only criteria for
attracting advisory and financial support.)

6.Community and economic development programmes must be designed to continue
to operate in the absence of the donor agency. A failed programme more
usually reflects the inadequacy and inappropriateness of the design and
implementation of the programme, although the Aboriginal community that is
powerless to respond more often shoulders the blame.

7.The Land Councils have a statutory responsibility for land management on
Aboriginal land. In recognition of this both non Governmental and
Governmental bodies should use the broad based representation that the
Land Councils have to consult on various land management issues. In
addition Land Council technical staff, in consultation with Traditional
Owners, should continue to collate basic data and to work on the
development of general land management strategies for Aboriginal Land.

CONCLUSION

The continuing conflict over Aboriginal land rights has demonstrated that
Aboriginals and other Australians think about these matters in radically
different ways, in concepts which at times seems incommunicable to one
another. Aboriginal Land is not a conflicting land use and in fact
incorporates a multiplicity of land uses, including mining, tourism and
cultural and community development. This must be recognised as a reality and
this conference should recognise and recommend the need for a management
strategy that deals with this in a climate of cultural tolerance.
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REHABILITATION AND PROTECTION OF CONSERVATION AREAS IN THE ARID LANDS OF
SOUTH -EASTERN AUSTRALIA

John Cooke

Department of Conservation and Environment,
253 Eleventh Street, Mildura 3500

ABSTRACT

The rangelands of north- western Victoria were used for production of wool for
up to 150 years. They are now to be primarily used for nature conservation
and recreation. This change in use of the land has brought with it a need to
adjust management to protect the conservation and recreation values rather
than the values of its agricultural production. This paper covers the
conservation /recreation values that are to be protected, threatening
processes to those values and the means by which protection is afforded to
the land.

INTRODUCTION

In March 1990, the Government of Victoria accepted with some modifications
the recommendation of the Land Conservation Council (LCC) (1), and in so
doing indicated that the prime use of public land in the Victorian Mallee
will be for conservation and recreation. Some of this land has been grazed by
domestic livestock for up to a century and formed the core of some farming
units.

The protection and rehabilitation of the landscape to enhance the floral and
faunal, recreational, cultural and social values of the landscape are now the
prime tasks of the managing authority, the Department of Conservation and
Environment.

In this paper, I will identify the values to be protected, the processes
threatening these values and discuss the methods by which protection is
achieved.

VALUES TO BE PROTECTED

In the process of its review (2), the LCC commissioned a number of surveys
and assessments. Separate surveys of the flora and fauna of the Mallee were
undertaken by the Department of Conservation and Environment. These surveys
are purported to be the most extensive undertaken in the semi -arid zone of
south -eastern Australia. Of the 31 species of mammals that originally existed
in the area, five are extinct and a further 15 are rare or threatened (3).
Two birds are locally extinct and a further three are threatened. Certain
biological communities notably the Murray pine (Callitris preissii) /buloke
(Allocasuarina luehmannii) vegetation types were shown to be extensively
modified. There is virtually no actively regenerating pine /buloke community.
The woodland community, which is prized for its agricultural potential, and
hence cleared and alienated for much of its distribution, was the most
modified by activities of European man, namely grazing and harvesting for
forest products. The surveys provide powerful evidence as to the effect of
grazing on the conservation values of the land. On one hand, there were
perhaps 10 species threatened within this community, and on the other hand it
represented the principal grazing areas of a number of licensees. The
Government decided that the most prudent course of action was to remove
grazing of domestic stock in total, and has indicated its intent to reduce
the grazing impact of introduced pest animals, namely rabbits (4).

On the global scale, a number of issues relevant to the protection and
rehabilitation of arid -zone lands are important. The modification of a

108



vegetation community based on perennial deep- rooted species to one of annual
grasses, as has happened over large sections of the semi -arid zone, is likely
to have contributed to the greenhouse gases, namely carbon dioxide. The mass
or carbon stored as weed in vegetation and roots, and as organic matter in
the soil, is substantially reduced following the conversion from a forest to
grasslands.

Worldwide, wilderness values in arid and semi -arid landscapes have been
substantially reduced (5). Although there does not seem to be any literature
pertaining to the worldwide assessment of wilderness values in the
Mediterranean climatic zones of the world, it would appear that the Big
Desert and Sunset Blocks of the Victorian Mallee would rank high in any list
of remaining wilderness area (6) .

Some three or four individual species are known only from public land in the
Victorian Mallee, and it is the stated intent of both the Victorian
Government and Australian Government that further extinction should not
:occur. The public lands contain much of the remaining gene pool of some
native flora and fauna in the State of Victoria. For many species, this gene
pool is a major component of the total gene pool of the species.

on a local scene, the removal of deep- rooted perennial vegetation and its
replacement with agriculturally useful species such as shallow- rooted annual
medics and grasses, is the principal predisposing cause of secondary salinity
(1). The retention of a perennial component in the landscape, especially on
areas of potentially high recharge to the groundwater system, is an integral
part of salinity prevention. Land left bare through either over -cultivation
prover- grazing is often eroded by wind in the mallee environment. The
resultant dust not only contributes to a loss of capability of the land but
causes a public nuisance.

She arid -zone and semi -arid zone land provides extensive recreational,
aesthetic, photographic and other social uses. In a world of increasing urban
populations, these values are expected to increase in importance. The arid
and semi -arid zones of north -west Victoria are particularly relevant to this
anticipated growth, as it is close to two capital cities and is well serviced
by roads, rail and air transport. It is one of the few areas where there is a
substantial city (Mildura) serviced by a substantial river (the Murray) in
Om arid zone of Australia. This combination of values is attractive to
certain groups of tourists and holiday makers.

THREATENING PROCESSES

She principal threatening process to the conservation values of the region
was the clearing for agriculture and its subsequent alienation. Some two -
thirds of the total area of the Victorian Mallee is now used for wheat /sheep
production.

Of the remaining one -third of the landscape still held in public ownership,
most retains remnants of its native vegetation. The vast majority of this
Area has a high conservation status and shows very little impact of European
settlement. Still there has been a loss of native mammals from the area (2) .

Of those areas that are highly modified, the total grazing pressure exerted
by domestic livestock, rabbits and goats has had the most dramatic and
<ridespread impact of all activities since European settlement. There has been
loclearing of public land for the purpose of agriculture since 1973,
lthough some 20,000 hectares of vegetated public land was alienated in 1977
ndtherefore available to be cleared. For a long time there has been a

policy to not allow deliberate burning of mallee vegetation in addition to a
an on mechanical clearing since 1973 on public land.

grazing of domestic livestock on all of the area recommended to become
Stational Park will cease over the next five years. National Parks represent
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57% of the remaining public land, which equates to 22% of all land in the
Mallee (1). Grazing may continue under a proposed new management regime of
the remaining public land thereafter. Details of these new arrangements are
still to be developed.

Once domestic livestock is removed from the areas within the newly created
National Parks there is a need to undertake considerable and extensive rabbit
control programs. Although rabbits are recognised pests of both pastoral and
conservation zones, the tolerance levels of rabbits is very much lower in a
conservation zone. In the case of the Victorian parks, the intent is to allow
regeneration of woodland species. These species are highly sensitive to even
very low levels of grazing by rabbits.

The removal of the domestic livestock and a high level of control of rabbits
leads to a flush of growth of annual plants, in the years immediately
following the phase out of grazing. This flush of growth creates an increased
risk of fire in the dry summer months. Fire is both an aid and a threat to
the regeneration of native woodland species. It would appear that the tree
species such as cattlebush (Alectryon oleifolius) and sugarwood (Myoporum
platycarpum) regenerate more rapidly following fire. However, fire is a major
threat to the regenerating seedlings of these and other species. Following
the removal of grazing, perennial species either through regeneration or
expansion in size of suckering, will begin to again dominate the water
balance of the arid zone. As this occurs the annual species become a less
prominent component. This means that there is less fodder available for
rabbits and a lower fire hazard. Local experience would suggest that in the
case of highly degraded land, it could be as long as 15 years before
perennial shrubs are sufficiently robust to be able to withstand the impact
of grazing by domestic livestock.

The western grey kangaroo, which is native to the region, has also become a
pest animal in specific landscapes within certain conservation parks within
the region. In Hattah -Kulkyne National Park in particular, western grey
kangaroos have replaced sheep and rabbits as the major grazer. They are
exerting considerable environmental stress on the disturbed woodland
communities of that Park. They may also be placing a number of flora and
fauna species at risk. The reasons why the kangaroo population has rapidly
increased to such a high level in Hattah -Kulkyne National Park, and has not
done so elsewhere in the region, has not been identified. The problem is a
particularly difficult one, as the pest is one of the animals for which the
park was established to protect. The resolution of the problem would appear
to be limited to that of culling.

A considerable number of alien plants have invaded the rangelands of
Australia. Many of these plants pose no particular threat to either the
agricultural or conservation status of the land. The change in the intent of
the use of the land has brought about a change in the perception of which
plants cause concern. Weeds such as horehound (Marrubium vulgare) which were
considered noxious in grazing areas, as it has the potential to contaminate
wool, are now considered to be of less importance. Weeds such as caltrop
(Tribulus terrestris), which pose only a minor threat to grazing cause much
discomfort to campers, walkers and sightseers. The targets for weed control
programs therefore change when the intent of the use of the land is changed.

The Victorian mallee contains extensive and important Aboriginal cultural and
archaeological values. Canoe trees, burial sites and artifacts occur over
extensive areas of the mallee and the riverine environment. Many of the sites
occur on the sandy rises and lunettes adjacent to lakes and rivers, and these
areas suffer extensively from infestations of rabbits. Works aimed at rabbit
control, such as ripping and harbour destruction can have a substantial
impact on the cultural values of the landscape. The rip lines, especially
where they occur on hillsides, also reduce the aesthetic values of the
landscape. Rabbit control must not only be more thorough, so as to allow for
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the regeneration of native seedlings, but is more costly in areas where
conservation values are the prime value of the land. In conservation
reserves, measures aimed at reducing one threat must not be allowed to become
a threat to another value.

THE PROTECTION OF THE LAND

The State Conservation Strategy, released in 1987, clearly spells out the
intention of the Government to protect conservation and recreation values of
the State. In addition to this, the Government has also released strategies
on specific issues such as wetlands conservation and salinity prevention.

In each of these strategies, there is a strong commitment to involve the
community in decisions that affect the land. The major National Parks have
advisory committees made up of people with specialist knowledge and other
representing the wider community. The advisory committees help allay some of
the fears that may develop between neighbours who have widely different
objectives.

In all cases where the status or the use of the land has changed there is a
commitment of Government to involve the community in the decision.

The State Government also allocates extensive resources to educating the
community in respect to conservation needs of the State. This occurs through
the formal education system, the media, and extension services of the
government departments.

Under the umbrella of the strategies of Government, conditions of leases and
licences for occupation of public land can be addressed. These strategies
guide the direction and level of enforcement and extension aimed at the
protection of conservation values of public land.

It is the responsibility of the Department of Conservation and Environment to
manage this land and to this end there is a strong commitment to involve
community and conservation groups, and to undertake significant public
education and extension programs.
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NATURE CONSERVATION
AS A LANDUSE IN THE RANGELANDS

Helen Allison, Environmental Protection Authority, i Mount St, Perth,
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ABSTRACT

The two main aims of conservation, that is, sustainable development through
better land care, and maintenance of natural ecosystems and species
diversity through nature conservation, are distinct although complementary.
Nature conservation is justified, both on ecological and ethical grounds as
a valid landuse which is all the more important in a landscape modified by
other modern landuse practices. An outmoded philosophy that nature
conservation was not a legitimate use for land which had other economic
values has resulted in an inadequate nature conservation system. The formal
conservation estate must have as its basis representative ecological
systems, which are supported by other sympathetically managed areas. Through
cooperation at all levels of the community, a combination of formal
conservation reserves, local action to provide management over important
conservation areas and conservative landcare on commercially productive
areas will achieve the broad objectives of the State's Conservation
Strategy.

INTRODUCTION

The title of this session is other landuses. We believe that there is now,
throughout most pastoral areas, more recognition of conservation as a
legitimate and important landuse in the rangelands, and one in which the
wider community has a considerable interest.

We want to cover three main points relating to nature conservation as a
landuse. Firstly, we will define conservation, and point out how two
potentially competing aspects of that definition can be justified and made
complementary. Secondly, we will provide a brief history of nature
conservation in Western Australia- where we are and how we got here, and
finally how we might achieve our various conservation goals, particularly in
relation to the State's rangelands.

NATURE CONSERVATION- A LEGITIMATE AND ESSENTIAL LANDUSE.

Firstly then, conservation -what is it and why is it relevant to rangeland
managers?

The State Conservation Strategy for Western Australia, prepared via a
consultative process involving industry, conservationists and Government,
endorsed the following definition based on the World Conservation Strategy.

Conservation is "The management of human use of the biosphere so that it may
yield the greatest sustainable benefit to present generations while
maintaining its potential to meet the needs and aspirations of future
generations. Thus conservation is positive, embracing preservation,
maintenance, sustainable utilisation, restoration and enhancement of the
natural environment ".

This definition emphasises the interdependence of living resource
conservation and sustainable development, and essentially is concerned with
the inter -relationship between man and the environment. This concept is very
familiar to rangeland managers.
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The five objectives of the Conservation Strategy for Western Australia,
which have been accepted by the State Government, and which are based on the
definition above are:

1. to maintain essential ecological processes and life support systems;
2. to preserve genetic diversity;
3. to ensure the sustainable utilisation of species and ecosystems;
4. to maintain and enhance environmental qualities,
5. to optimise the quality of life for Western Australians.

The above objectives are not necessarily complementary; some can be achieved
without necessarily achieving others. For instance, highly modified
ecosystems may be capable of maintaining their ecological processes, even
though alteration of the ecosystem may have included a decrease in the
biological or genetic diversity.

The applied aspects of conservation are familiar to all pastoralists - that
is, maintaining soil, feed and water as the basic resources on which their
livelihood depends. In recent years it has become clear that different land
types on the same property may require very different management in terms of
rates and periods of stocking. With survey, mapping and advice being
provided by the Department of Agriculture, land -care (applied conservation)
can be practised by all pastoralists. With the influence of groups such as
the Land Conservation District Committees and the Rangeland Society, such
management should become the norm rather than the exception.

Nature conservation on the other hand is about maintaining natural
ecosystems, ecological processes, and the plants and animals they support
with as little modification as possible. Its value or relevance to the
rangeland manager is much less obvious, especially if it means that some
area of the property will not be used for productive purposes.

However, there are many good reasons why nature conservation, including the
maintenance of biological and ecological diversity, is important, both in
the pastoral areas and throughout the world. A selection of relevant
arguments is presented below.

1. Natural ecosystems and the species they support provide many largely
unseen ecological services to humans which include: the breakdown of
organic matter; the physical structuring of soils; the use of carbon
dioxide and emission of oxygen; pollination of flowering plants,
including ones beneficial to humans; pest control by predators,
parasites and pathogens; the provision of shade and shelter; and the
protection of soil and water quality.

The overall result of these services is the conditioning of Earth's
environment, especially soil and air, so that the planet provides the
resources to sustain human life.(2)

2. Not all physical factors, or all species, contributing to the provision
of ecological services exert the same influence in maintaining healthy
ecosystems. That is, there are key factors and "keystone" species which
may have a controlling influence. For instance, a relatively rare
predator may act as a "keystone" species, by keeping down the number of
large herbivores, which in turn may entirely control the growth and
existence of species of plants. In many cases, we have inadequate
knowledge to identify key factors or processes, or keystone species.
Thus, the maintenance of as much ecological diversity as possible can be
seen as a safeguard against inadvertent but major ecological changes.

3. Natural species are real or potential resources for direct human use.
This is very clear in the case of the pastoral industry, where
throughout most of its range plant species native to the area provide
the food resource for grazing animals. Given the increasing knowledge of
science and the power of techniques for genetic manipulation, there is
an almost infinite potential for particular products (e.g.
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pharmaceutical drugs) or characteristics (e.g. drought tolerance) of
specific species to be utilised. Many of these potential values may be
quite unapparent at present - they await changes in knowledge and
technology as well as in human tastes and lifestyles.

4. There is a myriad of ecological processes and interactions with other
species (many of which might be quite obscure) which supports the
survival of species which are already directly useful to humans, or
which have as yet unrecognised potential to be so. Thus, the loss of any
species may have effects on ecosystem function, species diversity and
upon potential human benefits, which it is impossible to predict.

5. Point 4 above can be generalised; as ecosystems become more diverse,
they provide more microhabitats and opportunities for more and more
species, i.e. diversity supports the generation of further diversity (3)
and the planet becomes biologically richer with time.

6. Because of the interdependence of species, the growth in diversity can
be slowed or reversed by species lost to ecosystems as a result of human
activities. That is, each species, in some way, is a resource for other
species, and its absence will affect those species, directly or
indirectly.

7. Extinction of each species is irreversible - "Those components of life
that vanish during the next few decades will be gone forever: those that
remain will provide future options for humanity "(4).

8. Allied with the points above is the fact that as species are lost from
an ecosystem, the possibility of significantly adverse effects becomes
larger and larger. That is, although the likelihood that the extinction
of any one species will have a catastrophic ecological result may be
minute, such likelihood increases greatly as more and more species are
lost.

9. There is little doubt that the trend to increasing global diversity has
been reversed over the last thousand or so year of human dominance. In
the Australian context at least 12 mammals (overwhelmingly in arid and
semi arid region), one bird and 97 plants are thought to have become
extinct since European settlement. At least a further 19 species of
vertebrates have undergone massive range reductions, and a total of 64
are considered endangered by Australian wildlife agencies (5) Further,
Leigh and Briggs (6) have identified 3 329 species of plants as rare or
threatened, with 209 species endangered ( "species in serious risk of
disappearing from the wild state within one or two decades if present
land use and other casual factors continued to operate ":6).

We have no figures for invertebrates and microorganisms which may have
been lost independently or as a result of the decline of the vertebrate
species. Nor do we have information on the present conservation status
of the vast majority of such species.

10. The ethical argument for nature conservation, especially the protection
of species diversity, is threefold.

(i) Each generation of humans has an ethical responsibility to leave
to future generations the same range of resources, options and
opportunities that they enjoy themselves.

(ii) "Humans have evolved in a world of other species with values
outside and above any practical or economic merit we may ascribe
to them ".(5) That is, in an ecological and evolutionary sense,
each species has its own intrinsic value.

(iii) Along with human understanding and power over our environment
goes the ethical responsibility to respect other species -
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organisms which we have not created, and which we therefore have
no specific right to eliminate. (4)

Applied conservation (in our context the good management of rangelands to
avoid degrading vegetation, soil and water) will go a long way towards
meeting the needs of nature conservation. Nonetheless, the setting aside of
representative areas for the express purpose of protecting natural
ecosystems, processes and species, is an important part of Western
Australia's strategy for protecting natural diversity, for the following
reasons.

1. Areas deliberately managed to protect natural ecological systems
act as important reference areas, against which to judge the effects of
other management practices on surrounding lands.

2. Vesting in the Crown is currently seen as the best way of
ensuring the purpose of nature conservation over the long term: it
provides a safeguard against altered land use resulting from changes in
ownership, attitude or economic conditions.

3. A patchy area, containing a variety of ecosystems at various
stages of development has greater total diversity than a more
homogeneously managed area, and will provide greater regenerative capacity
for over -exploited or depleted areas.

4. A special case of 3 above is that a representative reserve system
can act as a reliable source of seed and other propagating material for
natural regeneration and for deliberate reseeding.

5. A widely representative system of reserves, capable of being
managed specifically for nature conservation, may be an essential tool for
protecting ecological processes and species diversity in the light of
potential climatic changes. Such a reserve system should incorporate as
much linkage between protected areas as possible.

HISTORY OF THE CONSERVATION SYSTEM

In Western Australia the community made its first commitment to conservation
in 1894, when a reserve of 65,000 hectares on the Bannister River was set
aside for the Preservation of Native Flora and Fauna. At this time in
Western Australia the need for a representative system of reserves was not
considered. This was largely because the population was relatively low,
50,000- 60,000 in a state covering 2.4 M sq km, and the urgency of the
problem of conservation was not recognised. However, scientifically at this
time there was the beginning of an awareness of the need for such an
integrated system. One century ago, in his inaugural speech to the
Australasian Association for the Advancement of Science, von Mueller(7) a
prominent botanist, said:

" Choice areas, and not necessarily very extensive, should be reserved
in every great country for some maintenance of the original
vegetation, Such spots should be proclaimed for all time the
people's unalienable property, and every inhabitant or visitor of the
locality should consider himself the co- preserver of such areas, so as
to aid in preventing accidental invasion or casual ignition or
intentional spoliation."

However, it was not until the 1950s that a deliberate attempt was made to
select representative areas. In 1958 the Academy of Science caused a Western
Australian Sub -Committee to examine and make recommendations on the
situation of reserves in the state. It was their role to plan an integrated
system of reserves. The sub -committee presented it's report to the Academy
in 1962(8).

The delay between recognising the need to have a representative system of
nature conservation reserves and identifying them has had two unfortunate
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consequences. Firstly there has been a failure to incorporate into the
conservation system representative samples of those areas of land alienated
for agricultural and pastoral activities in the early days of settlement,
and those which have been considered of greater benefit for forestry, water
catchment, or urban and industrial use. Secondly there has persisted a
philosophy, or attitude of mind,that land for nature conservation should be
areas unsuitable for other purposes and which can be reserved without
economic loss or at no great cost to the community. Thus, the existing set
of reserves was not designed as a representative system. This philosophy is
now out of date. Nature conservation must be considered in parallel with
other interests and landuses.

We have been slow to protect representative "reference" samples of our
ecosystems, and now there is a greater urgency than ever to protect them
because of increased pressures from many different landuses.

To bring us up to date with the history of conservation in WA, in 1972 the
then newly created Environmental Protection Authority (EPA) established the
Conservation Through Reserves Committee. In their report (9) to the EPA they
reviewed and updated the 1962 recommendations of a sub -committee of the
Australian Academy of Science (W.A.) with respect to National Parks and
Nature Reserves of the State. Subsequently the EPA made its recommendations
to Cabinet who endorsed them, in what are now colloquially known as the 'Red
Books' (10) .

The Red Book recommendations are not definitive, and it was always intended
that they be reviewed, with increases in scientific knowledge. This has been
done for the Kimberley region by the Department of Conservation and Land
Management as a submission to the Kimberley Region Planning Study.

ACHIEVING A REPRESENTATIVE CONSERVATION SYSTEM

pdegjacy of the present system
The maintenance of genetic diversity, through the conservation of flora and
fauna, is one of the objectives of the State Conservation Strategy, but is
not sufficiently provided for in national parks and nature reserves at this
time. An essential requirement, therefore, is that the conservation reserves
system contains a representative sample of the State's many and varied
ecosystems. The variety of vegetation types found in Western Australia has
been described by Beard (11). Ideally each major ecosystem should be
protected in more than one reserve in case a natural or other disaster
should occur and seriously degrade a reserve.

In Western Australia the conservation system does not yet conserve even one
example of each major terrestrial ecosystem even though the CALM estate
covers 15.2M Ha which is reserved either as national park (4.834M Ha) or
nature reserve (10.419M Ha) (12) (Figure 1). This represents a total
conservation estate of 6.0% of the terrestrial area (252,550,000 Ha) of
Western Australia.

The Specht Report (13), which is a comprehensive study of the conservation
status of Australia's major plant communities (alliances), identified the
plant communities of the arid and semi -arid zone ( which includes the
rangelands) as having particularly poorly conserved. Sixty per cent (60 %) of
the structural formations and alliances in pastoral regions were not
represented in conservation reserves in 1974. Since then, there has been
little significant change.

The question of how much and how many areas are required for conservation is
always difficult because of the diversity of the ecosystems and the priority
species which are being protected. The assessment of the adequacy of a
reserve to conserve the communities of plants and animals it contains must
be largely subjective until long term ecological studies have been made on
each ecosystem.
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Curry and Hacker (14) report that after nearly a century of widespread over-
grazing the number of known possible plant extinctions appears to be only
two throughout the southern shrublands of Western Australia. However, plant
surveys in the early part of this century were not extensive and may not
have represented the full extent of the native flora by which we can compare
today's species complement, and therefore may under- represent the number of
known extinctions. Habitat disturbance caused by pastoral activity appears
to have contributed to a decline in the geographic ranges of many vertebrate
species. Burbidge and McKenzie (15) suggest that this can be attributed to
diversion of environmental productivity and resources to increasing human
populations.

Those species which are poorly conserved, although not extinct may be
endangered, vulnerable, or rare, and in many cases there is insufficient
information on which to classify their conservation status. In most cases
the identification and protection of whole, viable ecosystems is an
essential first step to the conservation of such species.

From our history of conservation it can be seen that although the need for a

representative conservation system has been identified for 100 years our
system is still not adequate. The challenge which faces us now is how to
achieve such a system. To date it has been assumed that if conservation is
necessary then it is the obligation of the Government alone to provide for
it. We question whether this is now a realistic expectation.

Options for management
There are four ways in which satisfactory protection of important
conservation areas can be achieved. They are:-

-reservation as national park or nature reserve;
-formal agreement between landholders and CALM;
-private action to protect areas of conservation value, and
-conservative landcare practices on areas outside reserve areas so as to
conserve the natural values of the area and to maintain the ecological
processes.

Formal areas for conservation
Adding to the existing formal system of reserves inevitably has the
constraints of competing landuses and restricted funding for acquisition
and management. Never- the -less, several mechanisms do exist.

Funds may be reallocated by Government as a result of public
pressure, or additional funds raised to buy areas as they become
available. For instance, in the United States, money for a Land and
Water Conservation (Trust) Fund is raised from the sale or lease of
non -renewable resources, primarily offshore oil and gas.

It is possible that this concept could be used to raise additional
funds from a variety of sources; for example, revenue for lands
leased from the Government; levies on mining operations and so on.

ii Under the terms of the previous draft amendments to the Pastoral
Land Tenure Bill, the Government had proposed that identified areas
of conservation value are acquired at the time that the leases are
transferred.

iii Additionally, pastoralists themselves may identify areas of
conservation value on their leases, possibly in conjunction with
the Department of Agriculture, and /or CALM. These areas could then
be excised and vested with the National Parks and Nature
Conservation Authority (NP &NCA) Through this mechanism, funds can
be made available from CALM to finance management of the area.

Agreements for the management of private lands.
The Conservation and Land Management Act under section 16 allows for
agreements to be entered into with the owner for the management of the land
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for a variety of purposes including nature conservation. Under these
agreements the land remains as part of the lease. There is no automatic
long -term commitment, such as a covenant on the title or lease.

This mechanism may be useful where there is multiple use of an area. For
example, both pastoral and recreational activity, particularly in coastal
areas. Pastoral activities may be continued and managed by the lessee whilst
CALM controls public access and manages the area for the conservation
values. The advantage with this mechanism is that the land remains within
the lease, and may be managed through a consultative process between CALM
and the lessees. On the other hand, little financial help could be given by
CALM if the land is not provided with some form of protection over the long-
term.

private Actions
Some leaseholders may wish to protect some areas of their property for
nature conservation, but maintain management in their own hands. Departments
such as CALM and WADA are pleased to provide information and advice to
assist landowners in such endeavours. However, as with the agreements
referred to above, some long term protection for the area, such as the
purpose being registered on the land title, would be required before
Government could contribute significant resources. This would apply to
fencing subsidies like those provided for remnant vegetation on private land
in agricultural areas. It may also be possible to pursue other incentives
such as taxation relief, for protection of these areas.

Informal -land outside conservation areas
Outside conservation areas land managers can help nature conservation and
the viability of their properties by observing the principles of good land
management promoted by the Department of Agriculture through the Land
Conservation District Committees. Ideally, areas outside and adjacent to
reserves should be managed sympathetically, as a buffer zone,with the
objectives of nature conservation in mind.

poolardy Open Country Paddock: an example
Degradation of the Murchison Catchment System has been obvious for many
years, accentuated by drought no doubt but also by a very generous and
accessible supply of water. The Murchison River catchment area has generally
a very shallow water table plus semi -permanent fresh water pools and creek
systems that feed the main river. The Murchison River itself is mostly a
saline water course, as described by Forrest's diary of his expedition of
1874. Even then scalded flats with saline perennials were abundant on flood
plain areas.

The creeks and drainage systems that flood into the Murchison River are
mostly fresh and grow numerous varieties of sweet herbage and perennials.
This country was being taken up for pastoral use from 1872 onwards and
before large -scale fencing occurred all semi -permanent pools in these
catchments were being shepherded, mainly with sheep. With the discovery in
the 1890s of the shallow water table, landholders expanded their flocks and
commenced their fencing programs in a big way. Much of the area was
beautifully fenced indeed, north, south, east and west by the compass.

In association with the Lands and Survey, and Agriculture Departments
leaseholders were made more aware of our degenerating land systems in the
mid 1980s by the revolutionary method of satellite monitoring, and a
technical process known as albedo change imagery, by which the condition of
vegetation could be determined.

During the Murchison Rangelands survey, which was once again a combined
effort of all Departments, an obvious piece of land on the south east corner
of Boolardy gladdened the heart of the survey team. This piece of country,
with some very attractive creek systems, was still in a virgin state in
comparison with anything else seen. It had been excluded by fencing from the
rest of the leases for two reasons. First, the abundance of Kite Leaf Poison
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growing in the area; this notable controller of feral animals was discovered
very early in the taking up of land. Secondly, the water table in the creek
systems was very saline and unpalatable and the creeks had largely saline
perennials growing along them.

CALM was informed of the conservation value of this area, and the survey
team members had the audacity to suggest that it should be excluded from
grazing and used as a reference for the area! The then Principal of Boolardy
was in agreement with this suggestion but definitely for scientific purposes
only.

The Boolardy leases changed hands in 1989 and the incoming Principals were
most interested in re- fencing Boolardy to land system boundaries after
seeing the badly eroded river and catchment systems by land and on maps. On
being told of the interest shown by the various Departments and the local
Murchison Land Conservation District Committee in the Boolardy open country
paddock, the new Principals were unanimous that part of the area could be
excised from the Boolardy leases to be used for Reference and scientific
purposes. Under this arrangement access by the general public would not be
encouraged.

Since then, and following meetings with staff from the Departments of CALM
and Agriculture, funds are being raised to assist in fencing the exclusion,
to eradicate any feral animals within it, and to carry out a biological
survey. The survey will help to determine the exact boundary of the excluded
area so that fencing can proceed according to the land systems on the
station.

Management generally will be by CALM but in close liaison with the
management of Boolardy and the Murchison LCDC. This arrangement gives the
great advantage of the input of local knowledge and continual surveillance
of the area, with little management cost to any individual, or department.
The LCDC would act as an advisory committee to CALM, so saving that
Department the task of establishing a new committee.

For the future of those involved in the Rangelands we see a united effort by
both the users and those that help to manage these areas that are so
fragile. By co- operation in ventures like the Boolardy example we can ensure
that these areas are kept as they are for generations to come.

CONCLUSION

In conclusion, we have tried to show that conservation, in its broadest
sense is about the inter -relationships between people and the environment.
It encompasses, on the one hand "applied conservation " which is about land -
care for sustainable development and on the other hand, nature conservation
which is about maintaining natural ecosystems and species diversity. The
arguments for conservation are both utilitarian and ethical. We have also
argued that Nature conservation makes an essential, often unrecognised,
contribution to land care, and that the two forms of conservation are
inextricably linked.

Our present conservation system does not represent the diversity of
ecosystems found throughout the rangelands. It is important that further
representative areas are set aside in perpetuity, through formal
reservation,.for the purpose of nature conservation. Also, through community
interest important additional areas may be identified and managed for their
nature conservation values. This provides the opportunity for pastoralists
to become personally involved both in the identification and management of
areas which will be beneficial to the long term maintenance of the rangeland
ecosystems.
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CONSERVATIVE RANGELAND MANAGEMENT IN AUSTRALIA
A PERSONAL VIEWPOINT

W.H. Burrows

Queensland Department of Primary Industries, Rockhampton 4702

ABSTRACT

Australia's rangelands are viewed as renewable natural resources which have,
in large part, deteriorated considerably since grazing commenced with
domestic livestock. It is stressed that this decline in pastoral value is
continuing and it is suggested that the situation has for too long been
glossed over by landholders and administrators, as well as rangeland research
and extension workers.

Some of the factors contributing to rangeland deterioration are discussed and
hopes for predictive modelling of these systems outlined. The danger of
adopting systems which purport to increase animal production through
increased stocking rates is highlighted, while monitoring our rangelands is
endorsed as a high priority. Finally, some prescriptive suggestions are made
for rangelands in this country within an overriding philosophy of more
responsible land management, with under -utilisation rather than over- use
proposed as the basic objective.

INTRODUCTION

The principal point of David Wilcox's address to the last ARS conference was
that "controls on land used for grazing in the rangeland areas of Australia
are best exercised by the land users themselves" (1). Since this has mostly
been the case since European settlement, one would have to say that, in large
part, land users have been unsuccessful in their management (cf. Caber -
Byrock area in New South Wales (2,3), Mulga zone and the Burdekin catchment
in Queensland (4), Mitchell grasslands converted to thorn scrub (5), Gascoyne
catchment in Western Australia (6), inter alia).

It would be very easy and convenient to blame the land users themselves for
this documented degradation (in terms of plant cover, composition and animal
production) but Wilcox (1) further notes a corollary to his principal point
viz. that landholders should be given, firstly, the guides which they can use
to direct their management practices, and, secondly, the objectives which
they can strive towards from time to time.

The provision of these aids to management is the responsibility of the
administering authorities for rangelands (who in most part are also the
landlords), their research staff and extension officers. If scientists and
advisers have the responsibility for supplying information in a form which
landholders can use (1) it may be concluded, from the present state of the
rangelands, that these professionals do not have the necessary information;
or they have transmitted it poorly, and /or it has not been accepted or
adopted by the end user. Any fair assessment would conclude that the major
fault lies with the provision and dissemination of information. For example
Queensland has by far the greatest area of rangelands (native pastures
grazed by domestic stock) of all the Australian states (7), and yet has not
one extension officer solely dedicated to giving management advice for its
native pastures!
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Our failure as a profession is a failure to be both predictive and
prescriptive. These are not unexpected traits in such a young science,
especially one operating in such a highly erratic and variable climate. But
time is running out. The nation is demanding sustainable use of its
renewable resources (8) and research, extension and administrative wise we
will have to deliver. What can be done?

MANAGEMENT PERSPECTIVES

Soil is the basic resource of rangelands. Vegetation is usually resilient if
the soil is unchanged, but a degraded soil lowers the productivity of the
system indefinitely (9). Soil is especially vulnerable to degradation where
the nutrient pool is concentrated in the surface horizon. Management of
rangelands hinges on the maintenance of the natural vegetation or its
augmentation /restructuring, rather than its complete replacement. The
persistence of the desirable perennial plants is a primary objective, since
mistakes with these species are not easily corrected. The overall purpose of
management is to preserve the rangelands, not to exploit them. No economic
argument justifies the known diminution of renewable natural resources. The
present and the future must be as one! (9). Emphasis must therefore lie in
the prevention of degradation, rather than its rehabilitation.

Managerial influence is greatest at those times when the environment is at
its most extreme. These are the times to seize the opportunities and avoid
the hazards (10), such as the rare confluence of high rainfall, woody weed
establishment, large fuel loads and the capacity to burn.

Rangeland management is based on an understanding of how the rangelands
function and on the flow of information on their status, so that management
can be informed and responsive to current conditions (9). The principal
determinants influencing the dynamics of rangeland systems are rainfall, soil
type, tree -shrub /grass ratio, herbivory and fire. Of these the most potent
tool available to the manager, in space and time, is the adjustment of
grazing pressure or stocking rate.

$tocking rate

In a remarkably astute observation the Icelandic parliament is reported to
have passed a law centuries ago that the farmer should place only that number
of animals on the land, such that the removal of one animal would not result
in increased production of the rest of the herd (11). If such a policy were
followed in our rangelands we would be carrying about half the number of
sheep and cattle as are presently grazed! It would also have an alarming
effect on our immediate balance of payments and could result in devastating
wildfires from time to time.In practice graziers have tended to determine
their stocking rates on the number of animals that can be safely carried in
the 'dry' season. This means that for much of the year pastures may be
considered understocked and much research effort has been devoted to
improving the quality of dry season feed (for example, by use of urea -

molasses or grain supplements, augmenting the pastures with legumes etc.) In
tropical areas such practices can have a major impact on the stability of
grasses by placing increased defoliation pressure on them as they recover in
the early 'wet' season (12,13). The use of native (for example, Acacia
aneura) or introduced ( for example, A. nilotica) fodder trees when pasture
quality declines has a similar effect in the drier rangelands. Other
husbandry practices such as provision of permanent water points and fencing
to confine stock to set areas contribute to unusually high grazing pressures
(number of animals per unit of feed) being placed on pastures at certain
times. Compounding all these influences is the dominating effect of climate,
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which alone can account for an eight to ten fold fluctuation in annual
productivity of some of our arid grasslands (14,15,)
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Fig. 1. Analysis of historic rainfall records for Charleville, Queensland,
for the period 1955 - 1980. Model output shows interrelationships between: (A)

rainfall, April - March and October -March ( ): (B) length of
October -March growing period (soil water balance output): (C) live herbage
biomass produced over the October -March period( ) and total herbage biomass
available at the end of this growing period (--- -) and (D) derived values for
annual stocking rate. Analysis based on a constant ground storey basal area of
2.5% and 20% herbage utilisation by sheep. (After Christie and Hughes (66)).

Thus any set level of stocking that attempts to achieve maximum production
will incur over -utilisation and heavy grazing in times of drought and gross
under -utilisation after periods of high rainfall (16, Fig. 1). Such
observations have led Savory and Parsons (17), inter alia, to claim that most
rangelands are "understocked and overgrazed" and to use this as one of their
sales pitches to promote short -duration grazing systems. In fact most
objective studies of such systems have failed to show that they give any
better animal production than continuously grazed systems at equivalent
stocking rates (see Box). Increasing stocking pressures under any guise, is
the antithesis of conservative rangeland management in Australia today.

What approach should be used? As the environment becomes harsher, the
philosophy of adjusting stocking rates to match the feed available becomes
more and more logical. Stock numbers should be determined by the amount of
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feed produced per unit area of land, not on the unit area of land (18).
Heady (19) suggests it is probably best, as a managerial expediency, to
combine fixed stocking of the nucleus herd or flock with flexible stocking of
other animals, to obtain the most rapid response during the favourable
seasons and the least damage in the poor seasons. This does not preclude
seasonal resting of certain paddocks to favour seed set of desirable species,
to encourage establishment of recovering or augmented pastures or to build up
fuel for managed burns.

Short-dllydtion grazing vs continuous grazing ins

(Conclusions of Bryant et al. 1989)* (67)

Short - duration grazing resulted in a decline in individual
animal performance.

Short - duration grazing did not improve diet quality of grazing
animals.

Short duration grazing did not appear to improve animal
distribution.

Short - duration grazing produced no positive influence on
germination or establishment of seeded or native plants.

Short duration grazing resulted in soil compaction.

Short - duration grazing did not improve range condition at the
same or higher stocking rates compared with continuous grazing.

Short - duration grazing did not increase grass or barb standing
crop.

Short - duration grazing resulted in an increase in animal yield
per unit area grazed if stocking rate was increased. This is true
regardless of grazing strategy.

Dramatically increased stocking was not feasible.

The level of economic input and management intensity required
to establish and operate a short - duration grang system is
excessive, except to increase the ease or flexibility of livestock
handling. The return did not justify the expense.

` Based on the research of Texas Tech. University with greater - than -
recommended stocking under short - duration grazing systems compared with
continuous, yearlong gr ' on sandy and sandy loam soils in semi arid
climates.
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The concept of adjusting stock numbers to the feed available is best
illustrated by the "take -half, leave -half" philosophy first popularised in
the United States of America. Variants on this theme have been proposed for
short grass prairie by Bement (20) and in Australia by Jozwik, Nicholls and
Perry (21). More recent Queensland based work (22,23,24,25) has determined
stocking rates from preselected utilisation levels for feed available at the
end of summer. Levels of utilisation chosen range from 20 -40% depending on
types of pasture and animals grazing them. Systems grazed at this level of
use will have the forage supply composed of new season's growth from rainfall
(an uncontrollable management factor) and carryover from the previous season
(a controllable management factor). Carryover is an important supplement to
the small amount of new biomass produced - should the succeeding growing
season be low in rainfall. As a general rule the higher levels of utilisation
are recommended with cattle, and for sheep on the more productive pastures,
while lower levels are advised on less productive sites - "cattle have the
decency to die when the grass does, but sheep do not ".

Pressland and McKeon (26) suggest that simulation models of plant growth can
be used to monitor pasture production and the number of domestic livestock
that can be supported. Calculated safe stocking rates (based on 30%
consumption of summer growth) for the ensuing year can be compared with the
actual stocking rate (Fig. 2) to indicate whether stock numbers and pasture
production are in balance. An example is presented for the Dalrymple shire
in the Burdekin river catchment in Queensland.
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Fig. 2. Actual stocking rates (D) of beef cattle in the Dalrymple Shire,
Queensland, compared with safe stocking rates ( +) estimated from the GRASP
model. Based On McKeon et al. (54).

The economics implicit in pastoral stocking rates were lucidly detailed by
Bill Holmes at the last ARS conference (27). He noted that maximum profit
occurs at a stocking rate somewhere between that which maximises gain /head
and gain /ha and that from a practical perspective this point may be ill
defined - so that near maximum profitability may occur over a comfortably
wide range of stocking rates (cf. 28). Despite these observations many
graziers continue to stock heavily and this is accompanied by ongoing
deterioration of our pastoral lands (29,30). While there are many cogent
reasons for this practice a very plausible explanation advanced by Danckwerts
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and King (31) is that the productive value of rangeland is relatively
insignificant when compared with its investment value. This argument appears
to have some substance in the Australian context (witness the rural outcry
against the introduction of capital gains tax in 1985) and, if it is
accepted, seriously challenges the raison d'etre of the range management
profession and the ultimate conservation of our rangeland systems.

Range assessment and monitoring

There is little dispute that excessive grazing pressure has led to the
decline of productive potential in much of this country's pastoral lands
since European settlement - but how that desirable potential (condition) can
be defined in a manner intelligible and acceptable to range managers (32)
remains a matter of some debate. Any assessment method must at least
establish whether the site is deteriorating or not, as a result of past and
current management (33).

Both ecological (climax) and productivity based methods of condition
assessment have been advocated in Australia. However the climax based
approach (for example, 34) does not cope with woodlands or shrublands where
the natural succession in the absence of fire is towards a woody state of low
value for grazing. Also 'pristine' reference sites have often borne only
tenuous relationships to the area being assessed. In chenopod shrublands
sheep productivity is little different in areas where the chenopods remain
dominant ('climax') compared with adjacent sites where they have been removed
by past overgrazing (35,36,37). No difference in beef production is
postulated when heavy grazing converts Heteropogon contortus dominant
pastures to Bothriochloa pertusa dominant systems in north -east Queensland
(R.J. Jones, pers.comm.). Thus there may not be a direct relationship
between change in species composition and change in production as assumed by
Dyksterhuis (38).

Measures which emphasise productivity have been canvassed by Christie (39)
and Wilson (40). Christie noted that in infertile Acacia shrublands grass
establishment was a slow, difficult process so that in these situations
maintenance of basal cover was more important than composition as a
determinant of range condition. He further demonstrated a direct
relationship between the basal cover of perennial grasses and pasture yield.
Vegetative cover is also a strong determinant of run -off and erosion hazard
(41). Unfortunately basal cover is difficult to measure with speed and
accuracy over large paddock areas.

In my experience range managers are more concerned about maintaining a
minimal basal cover on infertile, water shedding sites and more concerned
with promoting desirable plant composition on fertile, water absorbing sites.
Wilson (40) notes that an appropriate system for range condition assessment
is one which combines both resource value and range condition concepts. The
land use, production and conservation objectives for the land are used to set
the standard and the scale of departure from that standard.

The critical point of management interest is the initiation of long term
degrading changes in vegetation and soil. If a manager can detect such
changes before the undesirable trend has proceeded very far, it may still be
technically reasonable and economically feasible to deal with the situation
(16). To this end administrative and research groups responsible for much of
Australia's rangeland areas have initiated monitoring programs (for example
42,43,44,45). Queensland's monitoring program is expanding significantly but
remains essentially research based at this time.
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The sheer size and number of holdings in our rangelands limits our ability to
ground truth all paddocks or management units. The involvement of the
individual manager in the monitoring program in Western Australia is
therefore to be commended (46). For broader administrative purposes it seems
inevitable that more reliance will be placed on satellite remote sensing
incorporating soil or vegetation related indices in a GIS (47,48).
Nevertheless monitoring sites should be seen firstly as an educational and
only secondly as an administrative tool. They should be concentrated where
there is greatest risk of degradation (9).

I have some reservations with 'fixed' interval recording of monitoring sites.
Unless successive recordings are made under similar climatic conditions
misleading conclusions can be reached, especially with respect to the
herbaceous layer. Recordings which are related to 'unusual' perturbations
(for example, rainfall well above or below average, fire, significant change
in grazing pressures, mechanical disturbance etc.) are also likely to be more
enlightening than fixed interval samples.

Such event related data will give the manager the useful capacity to predict
and act upon trends, rather than simply documenting them after they have
occurred. This approach is convergent with the state-and -transition model of
rangelands (10) which depicts these communities as catalogues of alternative
states and catalogues of possible transitions between states. This model
seems especially pertinent to our rangelands where the tree /shrub -grass
balance often dominates management concerns.

Woody plants, grass and fire
Burrows et al (5) have recently examined the tree -grass continuum for three
major rangeland types in north -eastern Australia - eucalypt woodlands, mulga
shrublands and Mitchell grasslands invaded by the exotic Acacia nilotica. In
all these situations only two stable states appear to exist under grazing -
grass dominance or tree /shrub dominance. The grassland with many shrub
seedlings is considered transient (cf. Fig. 3). Burrows (32) concluded that
for mulga shrublands in this area the trend is now unidirectional towards
increased dominance by woody plants. Implicit suggestions that fire can be
used to convert a dense woody plant cover back to open grassland (49,50,4,10)
fail to take into account the extreme competitiveness of the woody plants
(51), the consequent insufficiency of fuel to carry a hot fire, the low
frequency of opportunity to burn (52), coupled with the large soil seed banks
of target species (for example, 53).

It is claimed that fuel loads of 800 -1000 kg /ha are necessary for ground fire
to carry under normal dry season conditions (5). Under such circumstances
change in shrub canopy from zero to only 10% can reduce the potential fire
frequency in mulga lands from 64% to 13% of years respectively (52).

These observations are not to gainsay the fact that fire can be an extremely
cost effective method of controlling shrub build-up in rangelands. However
we should concentrate on promoting the achievable, rather than the very
remote possibility of reducing thick stands through managed burns. Thus fire
should be seen as tool to be targeted at initial stages of invasion or
increase in woody plant populations - preferably when the plants are less
than two years old.

It is probably unrealistic to expect graziers to recognise and appreciate the
significance of the early phases of woody plant build -up. This certainly
appears to have been true in the case of Acacia nilotica, which germinated
and established over large areas of Mitchell grasslands in north -west
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Fig. 3. State -and -transition diagram for semi -arid grassland /woodland in
Eastern Australia with potential for shrub increase. States are detailed in
boxes with states II and IV considered transient. Based on Westoby et al.
(10) (q.v. for explanation of transitions).

Queensland, following the sequence of exceptional rainfall years in the mid
1970s. At this time grass was also abundant while the potential of the A.
nilotica plants to compete with the grass layer in the future (5) was not
appreciated. The effect of woody plant competition on grass and animal
production is less apparent in the good seasons (Table 1) and lulls the
grazier into a sense of complacency.

Table 1. Derived stocking rates (ha /adult beast) for Eucalyptus populnea
communities before and after tree removal. Data are presented for good
(pasture yield 3000 kg /ha in the open) and poor (pasture yield 2000 kg /ha in
the open) seasonal conditions and based on consumption of 30% of the annual
pasture growth. After Burrows et al . (5)

(i) Good season
"Treed"

"Cleared"*

(ii) Poor Season
"Treed"

"Cleared"

Basal area of trees
(m2 /ha)

Pasture yield
(kg /ha)

Derived stocking rate
(ha /beast)

15 1040 13
3 2050 5

15 260 50
3 1300 10

"Cleared" areas have 20% of the original tree population retained.

Monitoring sites referred to earlier and maintained by rangeland research and
extension groups can be seen in this context as important sentinels,
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providing the early warning of potential system 'flips' to new states
dominated by undesirable trees and shrubs. The state -and -transition model of
Westoby et al. (10) highlights the need to identify the 'triggers' which push
systems over thresholds into new stable states. Most such triggers are man
controlled (for example, sustained heavy grazing, removal of fire, regular
use of nutritional supplements, use of fodder trees during drought etc.) but,
while man cannot control the major overriding influence of climate,
encouraging developments in its prediction could impact significantly on
management options in the near future.

Rainfall, models and prediction
McKeon et al. (54) note that high annual variability in rainfall (55) and
temperatures (56) and the lack of understanding of the mechanisms causing
this variability have led Australian ecologists to a re- active, rather than a
predictive approach to ecosystem management. Meanwhile, Taylor and Tulloch
(57) have shown that a range of biological phenomena associated with
recruitment, distribution and survival, were strongly affected by extreme
rainfall events, approximately half of which were associated with extremes of
the Southern Oscillation. The Troup Southern Oscillation Index (SOI) is
calculated as the normalised pressure difference between Tahiti and Darwin
(58) .

Negative indices of the SOI (below -5 for example, half a standard
deviation), especially where they persist for several months, are associated
with ensuing low rainfall in Eastern Australia. The reverse applies when
strong positive indices are recorded. The ways in which such improved
climatological understanding can impact on management of rangelands are
comprehensively reviewed by McKeon et al. (54). They point out that decision
rules derived from short -term experiments (for example, stocking rate and
burning policies formulated in the 1950s, compared with the 1960s) should be
evaluated in the context of historical SOI recordings which are available for
more than 100 years of records. Such analyses are in accord with Westoby et
al.(10) who suggest that research emphasis needs to be placed on estimating
probabilities - frequency per year, per decade or per century - of the
climatic circumstances relevant to particular transitions.

Management decisions in rangelands have to be evaluated against a background
of uncertainty in seasonal climate (and price). One way this can be achieved
is to combine pasture production models with historic climatic data for
different zones to predict likely feed availability under different
management scenarios (5). For example, a simulation model has been developed
(25) to incorporate the effects of trees on forage production into a woodland
management strategy, evaluation package. A water balance and pasture
production submodel (59) estimates pasture production in the absence of trees
from soil data and daily climate, using empirical relationships from field
trials. Equations from Scanlan and Burrows (60) are then used to simulate
the effect of different tree densities on pasture production. Thus given
soil type, rainfall, initial tree basal area and grazing utilisation level,
it is possible to compare alternative development strategies for north-
eastern Australian eucalypt woodlands.

Pasture production models, once validated, remove the shackles of site
specificity from research and extension so they are certain to play an
increasing role in rangeland management. Coupled with the local knowledge and
considerable experience of landholders they will strongly contribute to
expert systems and related computerised decision support (for example,
Rangepack (8), Grassman (25)) for the 1990s and beyond.
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DISCUSSION AND CONCLUSIONS

In a prescient statement to the 1986 ARS conference Brian Walker suggested we
need to question the long -term objectives of rangeland production - Is it
simply to produce more meat or wool? If so, who wants it? (61). Such
questions would certainly find a sympathetic ear with Australian wool growers
in 1990.

I believe that the time has come for rangeland research and extension
professionals to be frank with themselves, landholders and managers,
administrators and the politicians who have the ultimate responsibility of
passing on the land as heritage from one generation to the next. And the
message is simply this - that for much of our rangelands we are presenting to
the next generation, land in worse condition than we received it from the
previous one. That where rangeland productivity has been maintained it has
resulted from technological and infrastructure developments outside of, yet
perhaps negatively impacting on, the 'health' of the land itself. That the
detrimental effects observed are not necessarily restricted to the poorer
land systems.

Take my own working life in Queensland. Here the mulga lands have continued
on their inexorable path to dominance by woody weeds (62) and it seemingly
matters little that we have a good understanding of the processes involved
(51,63). While it is easy to see in hindsight that this pattern was clearly
set, as early as the turn of the century (2), the same cannot be said of what
has happened to the Mitchell grasslands. Much of this range in north west
Queensland, described as 'treeless' in Orr's major review published in 1975
(64), is now converted to dense thorn scrubland dominated by Acacia nilotica,
as earlier outlined (see 5). To my mind it is undoubtedly the worst plant
invasion of our rangelands since prickly pear.

As if this were not enough we have managed since the 1970s to overgraze and
place at great risk the herbaceous layer of enormous areas of the Burdekin
river catchment (41). Finally, in all the regrowth control and woodland
clearing activities undertaken in Queensland (estimated at c. 500 000 ha
annually), very little is carried out with due acknowledgment of
environmental concerns - especially for the fragmentation of wildlife habitat
and maintenance of essential reserves etc. (65).

I have deliberately confined these observations to my own state, perhaps
presenting this litany of disasters as a self cleansing process? But I am
certain that there are on -going transitions in rangeland systems in all
states which none of us would be proud of. Is it because the range
management profession has such a close and necessary relationship with
landholders and managers that we tacitly accept the piffle that is so
regularly propounded by grazier organisations that "the owner /manager knows
what is best for the land ", that "he can be relied upon to do the right
thing "? Or is it that in not admonishing pastoralists for documented
deterioration we avoid having to sheet the blame home to the real culprits -

the range management profession and land administrators who have observed it
happening and not stood up to be counted?

The vast majority of Australia's rangeland remains as leasehold. What other
landlord would tolerate the deterioration of its assets such as do the
landlords of our rangelands?

When we come to terms with these questions, we will be in a position to act
on remedies and to base future management on prediction and prescription,
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rather than reaction. The promise of the future is that for the most part
our understanding of rangeland processes is now quite good - the gift of a
very young profession to its inheritors. What they require is the confidence
and the will to do what we have not. Some prescriptive suggestions follow,
based on the earlier part of this address:

Adjust stock numbers to the feed available, for example, base animal
carrying capacity at any point in time on the feed present per unit
area of land and not on the area of land. Do this by maintaining a
nucleus herd or flock with flexible stocking of other animals.

Limit utilisation levels to a maximum of 40% of feed produced each
year. Where this figure is consistently exceeded enforce legislative
controls. (By corollary, rainfall x soil x pasture production models
should be developed as a matter of high priority for all rangeland
types where they do not currently exist).

Avoid grazing systems which are claimed to maintain or improve animal
performance solely by increasing stocking rates.

Perennial species are the preferred pasture types in rangelands,
providing the environment is not inimical to their growth and
persistence. This is so even if animal production is little different
from ephemeral pastures which replace them.

*Be careful not to overgraze perennial pastures at the start of the
growing season or at the breaking of drought.

Spell pastures from time to time, if necessary, to allow seed set of
desirable species, to encourage establishment of recovering pasture or
to build up fuel for managed burns.

Management which contributes to breakdown of soil structure and
fertility should not be tolerated.

The desired primary combination of perennial pasture and soil surface
stability suggests that range condition assessment should be strongly
weighted towards maintaining a good vegetative basal cover, rather than
plant composition.

Permanent monitoring sites should be an essential feature of all
rangeland administration and research. The sites should be re- recorded
in response to known perturbations, rather than at fixed time
intervals.

Such monitoring sites should be of sufficient size to act as ground
truth to complete coverage provided by remote sensing systems.

* Historic climatic data should be used wherever possible to estimate
probabilities of obtaining results from set piece experimentation over
wider time frames.

*Greatest effort in woody weed control should be placed on limiting
expansion or thickening up of woody weeds, rather than attempting to
ameliorate the impact of existing dense stands.

Research and extension agencies should assume greater responsibility
in warning landholders of times when woody plants are significantly
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increasing in density so that fire can be considered as possible
control in the seedling phase, when it is most effective.

Regrowth control and woodland management should treat target species
'on a face' to minimise regeneration, but retain at least 20% of the
area as interconnected strips for shade, shelter, timber reserve (if
applicable) and wildlife habitats.

It has been beyond the scope of this review to delve into the very important
impacts that soil type differences and wildlife populations have on range
management in this country. However, a more complete set of prescriptive
suggestions for Australian rangelands, than presented above, has recently
been provided by Foran et al. (8). Such recommendations need to be adjusted
and modified to suit regional conditions. Where clear signs of degrading
systems are in place, with no apparent technological and economic remedy, we
should be prepared to exclude the land from pastoral use and to look at
alternatives. Included amongst these should be 'non -use'. After all this is
the present fate of about one third of Australia and was, apart from the
previous 150 years, effectively the condition for the previous millennia!
Despite initial appearances this is not a nihilistic view, but rather one
given with confidence. I believe that we now have the knowledge and
technical ability to manage our rangelands for sustained productivity - but
we do not have the administrative capacity at present to ensure that this
result is always achieved. Until this deficiency is overcome, under - rather
than over - use is the best alternative for the rangelands and Australia's
future.
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PUTTING THE 'T' INTO PROPERTY PLAN _S

R.G. Silcock

Queensland Department of Primary Industries, Toowoomba

ABSTRACT

A reasonable knowledge now exists about Australian rangeland species, soils
and climate. The herbaceous layer is the key to pastoral production, pasture
condition and potential land degradation. The herb plants, including
grasses, provide ground cover, fuel for fires and organic matter to the soil,
microfauna, wild animals and domestic stock. Prudent management of
herbaceous plants is á vital objective for property managers when formulating
long- and short -term property plans. Grazing research and limited property
data show, that instead of consistently maintaining stock numbers at levels
that historically have caused land degradation, a reduction by 10- 20é in
numbers should maintain long term profits via better pastures and better
individual animal production. Well presented extension material and
financial information should convince pastoralists of the value of
integrating better pasture management with reduced numbers in property plans.
Key points to be included are:

1. Strategic short -term spelling after good growing-season rains.

2. Complete spelling of some paddocks after a drought.

3. Preference by kangaroos for grass.

4. Plant morphology changes with season of growth.

5. Increased management flexibility when fodder reserves exist.

6. Some predictability of rainfall extremes in areas where the Southern
Oscillation Index affects regional rainfall.

WHAT'S NEW?

Australia has effectively ended its frontier era and image. This year has
produced the Decade of Land Care, the demise of many large corporate empires
funded by excessive borrowing and a realisation by most Australians that we
need to take stock and consolidate our position. Unacceptably high pesticide
residues in our meat exports, health' scares on live sheep exports and
numerous mortgage foreclosures by banks have added emphasis to the need to
plan and to have management flexibility to stay viable in the pastoral
business. The little Aussie battler without a realistic plan risks
alienation from lending institutions and rural lobby groups. Banks are now
much more strict in their demands for realistic budgets and credible
biological scenarios, from clients seeking loans.

The thing which has changed at the grass roots property management level is
the need for adequately developed plans, - about finance, animals, pastures
and management. I will address the one which is most commonly overlooked or
overrated, the grazing plants.

After the soil, pasture is the next most important property
asset. The health of key plant species must rate highly in any worthwhile
property plan. Top -class animals, fences and watering facilities count for
little without adequate pasture.

P Perennial grazing plants are the key to production and stability.

L Look after all your assets - soil, plant, animal and equipment.
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A Assess your carrying capacity at the end of each growing season.

N Nut out a long term property plan with care and outside advice.

S Spell paddocks strategically in response to rain and your plan.

PLANT GROWTH FACTORS WHICH WE CAN INCORPORATE IN A PROPERTY PLAN

1 - - - _

In Australia's tropical and subtropical rangelands, grasses generally seed
freely about six weeks after summer rain. Four to five weeks after rain,
grass seedheads are well elongated and stock generally ignore them,
preferring leaf to stem. Hence the period of spelling only needs to be short
if the objective is seedset by valuable perennial grasses. Such seed is
probably necessary once every two to three years for grasses such as buffel
(Cenchrus ciliaris) and mulga mitchell (Thyridolepís mitchelliana) if soil
seed reserves are to be adequately maintained (1). Short strategic spells
should also work for annuals and most true rangeland plants which do-not have
a photoperiodic control over flowering, for example, many saltbushes (2) and
shrubs (3) .

2. Complete spelling of some paddocks after drought or fire
Natural 'disasters' such as drought and bush fire place extra pressure on
pastures in the short term. This should not be inherently damaging in the
long -term but does require prudent post -disaster management. During a
drought, open all the gates' is a common policy but I suggest that often it
may be better to concentrate the remaining animals on a few paddocks at a
time, preferably those in good condition and which have been recently
spelled. In this way the animals are better monitored and any pasture damage
is confined. The stocked paddocks can be changed if storm rains bring enough
feed to other parts of the holding.

Debate continues on whether heavy grazing does more damage during or
immediately after a drought. No good data is available but I believe that
immediately after is usually the crucial time because the time of year when
the drought breaks greatly influences which species germinate or grow well
and flower. These parameters are all important in determining population
structures and animal grazing preferences. By contrast, during a drought,
browse forms a big part of the rangeland animal's diet, annual herbs are
virtually absent and key perennial grasses and herbs lose relatively few
important growing points under grazing which should be far less selective.

After a drought, those paddocks which were grazed most heavily during the
drought are the ones to be spelled immediately. So this decision is
predetermined by the overall property plan which was in force before the
drought began. Where fire destroys pastures, the length of spell needs to be
as long as is needed to allow the key perennial species to set seed and maybe
also to establish seedlings in the case of fire sensitive shrubs, for
example, some saltbushes (4).

3 preference for grass by kangaroos
Kangaroos are regularly blamed for eating out spelled pastures (5) and most
research shows that red and grey kangaroos prefer grass (for example, 6). If
you want to spell grasses you need to control the roos. There is no point in
admitting defeat without trying - patch up fences, allow shooters into that
area, check regularly for signs of kangaroo activity at watering points and
in timber belts. They will get the message to stay away from clearly
unhealthy' areas. The length of time for control measures is, again, often
quite short to allow seeding or crown expansion after good rain.
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If you are trying to encourage shrubs and saltbushes then encouraging
kangaroos into that paddock may be a good move as they prefer grasses.
Shrubs seedlings are very susceptible to vigorous grass competition (7).

4. plant morphology changes with season of growth
Many grasses and herbs alter their growth habit and turn more erect as they
come into head. If seeding is desirable then spelling at the early heading
stage can encourage seed set. Conversely heavy grazing of wiregrasses
(Aristida spp) and rough speargrass (Stipa scabra) as they are about to head
should reduce the number of seeds set. Unfortunately some more desirable
grasses like woollybutt (Eragrostis eriopoda) and neverfail ( Eragrostis
setifolia) may suffer in certain communities (8). Some grasses such as mulgt
mitchell, mulga oats (Monachather paradoxa) and greybeard grass (Amphipogon
caricinus) grow quite prostrate in wet winters even when they are flowering
(9). Thus you can graze fairly heavily in winter and not seriously reduce
the seeding potential of such grasses. Other species always flower at the
same time of year in any region, and can be spelled then to encourage them,
for example, around Christmas in south west Queensland for kangaroo grass
(Themeda triandra).

FEED RESERVES ALLOW FLEXIBILITY

Several publications from Queensland emphasise the value of assessing fodder
reserves at the end of each summer (10, 11) because on average about 90% of
total dry matter is grown during summer. On the basis of the assessment,
average carrying capacity until the next useful summer rains is calculated.
If lightening off is indicated, this can be planned but need not occur
immediately. However, the longer you postpone action the greater will be the
number of animals to be finally removed if no further grass growing rains
fall. You can gamble on winter rain or delay selling until after the end of
the financial year but must recognise the dangers in any such delay.
Importantly, a deliberate assessment has been done (Ron Hacker pers. comm.)
and a manager is aware of impending imbalances between feed supply and stock
numbers. I can't recall seeing an enterprise suffer badly by reducing
numbers early in a drought but I know of disasters which occurred when people
hung on to stock too long.

If feed reserves are more than adequate, then woody weed control using fire
could be considered in affected paddocks or some other use of the feed
planned, for example, prolonged spelling of an area burnt recently by fire or

damaged by severe flooding. Animal management may be modified, for example,
lower culling rates or buy in cheap wethers or stores.

LONG RANGE WEATHER FORECASTING

Many climatologists now believe that it is possible to predict some extreme
regional weather patterns in eastern Australia, based on the ENSO (El Nino -
Southern Oscillation) effect (12). While the usefulness of this data is
still being assessed, I believe every little bit helps. If a grazier thought
that a dry summer was coming and the long range weather forecast also
indicated a 70% probability of widespread drought next summer, I believe that
grazier would feel much happier to sell without worrying about whether it was
the right decision. Peace of mind is very much part of running a successful
business. You have more time to concentrate on the big current issues if
your subconscious mind is not wrestling with perceived past errors of
judgement.

SUMMARY

There are many ways in which plant biology can be incorporated into property
planning, despite the overriding effects of climate variability.
Pastoralists need to be committed to learning how their vegetation can be
modified and which plants are the 'goodies' and which the 'baddies'. Land
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Care Groups are a positive step in this direction and so too are pasture
guides. Any rehabilitation strategies must be planned and implemented as
part of a whole property management plan. If ignored or left till last, the
cost of reclaiming degraded land will eventually be much greater and probably
bequeathed to our children.
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GETTING AT RISK BEFORE IT GETS AT YOU

Barney Foran and Mark Stafford Smith,
CSIRO National Rangelands Program,

P.O. Box 2111, Alice Springs,
N.T. 0871, Australia.

ABSTRACT

Drought risk is one of the key risk factors facéd by Australia's rangeland
managers, yet is often the subject of emotive rather than objective
decision making. Using RANGEPACR Herd -Econ, a whole property planning
package, we examined examples of both strategic and tactical decision
making as they related to the financial risks posed by drought.

For cattle properties in central Australia we compared strategic management
options as follows: Average (pray for rain and subsidies), High -Stock
(stock heavily in good years, but destock quickly in drought) and Low -Stock
(resistance to drought by low stocking rates). Both the High -Stock and
Average strategies made better financial returns, but ran a high risk of
causing environmental damage. The Low -Stock strategy made a more constant
income, and never risked financial failure or rangeland degradation.

Following the failure of winter rains on a sheep property in South
Australia, we compared the destocking tactics of a 0 %, 20% and 40% destock
in early summer. Destocking gave better financial returns over a wide range
of product prices and climate scenarios.

We recommend that similar studies be carried out for more rangeland regions
throughout Australia. We highlight that the environmental effects of high
risk management strategies take long periods to show an effect on
production. Because of this economic analyses can ignore the run down in
land capital, and show higher economic returns in the short to medium term.

INTRODUCTION

Risk management is the current buzz word for all sectors of our community
from the high adrenalin foreign exchange dealer to the more relaxed
government clerk worried about the cost of insuring equipment against fire
and theft. Australia's rangeland managers have been in risk management for
a century or more. They have had to deal with one of the worlds most
variable and unpredictable rangeland resources, both in terms of its
rainfall and its markets.

Some managers have failed to measure and manage risk effectively. The price
of failure is usually seen as personal and economic hardship and forced
departure from the pastoral industry. However, landscapes, native animals
and vegetation may also be casualties of the failure to manage or avoid
risk, and the realisation of this has stimulated "The Decade of Landcare",
and its hope to roll back the environmental backlash.

As rangeland scientists we have deliberated on the topic of riskiness,
decisions and outcomes, and how they might affect our rangeland resources
and the production therefrom. The philosophies of risk management within
the Australian Rangeland Society have been led by case studies from the
risk avoiders, the Nicholson brothers in South Australia (1), Bob Purvis in
central Australia (2) and Rodney O'Connor here in the West (3). In
examining the scientific justification for lower stocking rates as a prime
input to risk avoidance, QDPI led the way with the Augathella work on
Mitchell grasslands (4,5), followed by the Carnarvon work on chenopod
pastures (6) and the CSIRO work on mulga lands in NSW (7).

For all this, industry does not seem very interested in being good "risk
avoiders ". A recent study in Queensland (8) has shown that the stations
with higher stocking rates usually make more money in the short term i.e
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the negative effects of degradation have not yet been felt. Many managers
would like to work at lower and more sustainable stocking rates and agree
with them in principle. However there's always a debt to service, a child
to educate, or a set of circumstances which accumulate into a 'one off'
crisis.

During the past decade the realisation has developed that short term crisis
management must be replaced by long term strategic planning, and that short
term setbacks do not necessarily mean abandoning long term strategies. It
is difficult to separate out long term trends in a highly variable
environment, especially when unpredictable specific events can have a large
effect. Thus the recent floods in the western Queensland and New South
Wales or the next big drought could cause more damage than the mob kept in
the paddock for an extra three months. For all of this uncertainty, we
can't rule it. However we can understand the punting odds, and prepare for
the inevitability that the probable will happen. When it does happen we can
manage to lessen the impact of the immediate crisis, but keep the long term
strategy well in view.

The recent Federal Government inquiry (9) into drought policy served as a
focus for wide and varied submissions from all sectors of the pastoral and
the environmental industries. For the CSIRO RANGEPACK project and its
emphasis on decision making in pastoralism (10,11,12), it stimulated a
study on the risk of drought for the cash flow of pastoral enterprises. In
particular it focused on the long term strategies of enterprise size and
stocking capacity, and the shorter term tactics of levels of destocking at
the onset of drought.

METHODS

The studies used RANGEPACK Herd -Noon (10), a whole enterprise computer
package which combines the biology and business aspects of pastoral
enterprises. This is one of a series of computer packages which have been
developed to aid with decision making in livestock industries. Herd -Econ
has been designed to allow for the variability between years, in our
terms...Good, Okay, Poor and Bad. Using biological rates for a herd or
flock that are appropriate to these types of years allows the enterprise
and its management to be studied under sequences of variable climate
typical of Australia's rangelands.

The long term strategic aspects of stocking capacity were examined for
three beef enterprises in central Australia, termed Average, High -Stock and
Low -Stock. These are based on real properties in the region but corrected
to the same nominal resource base with a long term carrying capacity of
3000 large animal units (AU's). The Average property, typical of the area,
carried 3000 AU's and had no definite attitude to drought risk save to pray
for rain and lobby for drought subsidy. The High -Stock property carried
4000 AU's, and destocked by 50% during the first dry summer. It is a very
efficient producer in both business and livestock production terms. The
Low -Stock strategy carried 2000 AU's and was very averse to drought risk,
maintaining low stocking rates and continually reclaiming country with
water ponding and plant introduction.

The short term tactical aspects of how many to destock were examined for a
Merino property with 14,600 sheep in the Port Augusta region of South
Australia. Three destocking rates of 0 %, 20% and 40% were compared. These
took effect in September /October on the assumption that winter rains give
the dominant growing season in the region. If they fail then drought is
probable, although summer rains can provide a less reliable growing season.

The climatic scenarios which drove both the drought strategy and the
drought tactics studies were based on all 59049 possible combinations over
a 10 year period, of years of good, average and poor biological quality. In
addition, the historic rainfall records of a 100 year period from 1886 to
1985 from Alice Springs and Port Augusta, were used to select the
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biological rates of the herds and flock for separate and independent 10
year periods i.e. there was no flow on effect from one decade to the next.

RESULTS

Drought Strategies for Cattle in Central Australia

The full probability distributions for the cash surpluses resulting from
all possible sequences of good, average and dry years is given in Figure 1.
The highest mean cash surplus, herd number and herd valuation are obtained
by the High -Stock strategy. The mean expected 10 year accumulated cash
surplus is $2.28 million for High- Stock, compared to $1.89 m and $1.34 m
for Average and Low -Stock strategies respectively. The superior result for
High -Stock is achieved because this management style allows its breeding
herd to grow in a series of good years, and thus reaps the economic
benefits of higher stocking rates. By contrast the average strategy is
restricted on the positive side of the distribution because lower branding
rates and management preference restrict the opportunities in good years.
The Low -Stock strategy shows a cash surplus distribution that lacks both a
positive and a negative tail i.e. the compensation for the lower mean cash
surplus is a much reduced variance in income (a s.d. of $0.12 m versus
$1.42 m for High -Stock and $0.62 m for Average).
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Figure 1. Distribution of the estimated financial returns (10 year
accumulated cash surplus in $m) obtained from all possible combinations of
good, average and dry years in 10 year periods for (a) Average (b) High-
Stock and (c) Low -Stock management strategies.

When individual decades of the 100 year historical sequence were used to
assess the three management strategies, High -Stock gave a better result
with a mean for the ten decades of $2.25 m compared to $1.79 m for Average
and $1.28 m for Low -Stock (Table 1). It is notable that the last two
decades are amongst the best on record in their ability to generate cash
surpluses based on the assumption of constant prices. By contrast the
previous decade was the worst. In three of the ten decades examined, Low-
Stock achieved a higher cash surplus, and thus met its management goal of
constancy of income and resilience in the face of drought risk. When the
full 100 year sequence was run without restarting at the beginning of each
ten year period (i.e. the flow on effect was allowed) the 10 year means
were $1.56 m, $1.47 m, and $1.25 m for the High- Stock, Average and Low -
Stock strategies respectively. Thus the ordering of economic success
remains the same, but the differences were much diminished.
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Table 1. Accumulated cash surplus ($ million over a 10 year period) for the
Average, High -Stock and Low -Stock management strategies for historic ten
year sequences between 1886 and 1985.

Management Strategies

Decade Average High -Stock Low -Stock Year Sequence

1886-95 2.32 2.13 1.34 adagaadggg
1896-05 1.41 1.17 1.25 aaddadggdd
1906-15 1.46 2.09 1.34 adgdaaaaaa
1916-25 2.35 3.01 1.36 adaagaaagg
1926-35 0.54 0.56 1.17 dddaaaadaa
1936-45 2.40 3.21 1.37 aagadaagaa
1946-55 2.36 2.69 1.39 ggadadgaaa
1956-65 -0.03 -0.48 0.80 dadddddddd
1966-75 2.48 3.17 1.36 aaadagaggg
1976-85 2.64 3.93 1.46 agadaggaaa

Mean 1.79 2.15 1.28

Note (i) Strategies were started again for each new decade.
(ii) a= average rainfall year; g =good; d =dry.

The effect of interest and taxation rates on the above results is a complex
issue, which we have dealt with somewhat simplistically by looking the last
40 years of the historic sequence. If the three management strategies pay
income tax at the current company rate of 39 %, the Low -Stock strategy gains
a slight advantage over the other strategies. Accounting and taxation
practices usually reduce this marginal rate of taxation. The High -Stock and
Average management strategies regain their monetary advantage at a taxation
rate of between 25% and 30 %, which is well within the realm of normal
business practice. Low -Stock would realise a significant advantage if High-
Stock and Average paid interest on negative yearly cash flows during the
long drought in the 1956 -65 period. Equally, cash surpluses accumulated
prior to this decade, or government subsidies, may have lessened the
financial effects of drought on the production system.

This analysis of strategic management options highlights the quandary of
properties using the drought evasive "Low- Stock" strategy. Their outcomes
are more predictable and less erratic, and they seldom have to make
decisions during a crisis. By contrast both the High -Stock and Average
strategies may achieve better financial results by a mixture of efficient
business practices, government subsidies and luck. The biggest and most
predictable risk faced by the High -Stock and Average strategies is that of
landscape degradation. Financial hardships caused by deficiencies or
mistakes in their management strategies can result in large numbers of
drought stricken stock on fragile landscapes. Degradation is then
inevitable.

Drought Tactics for Sheep in South Australia

The drought management tactics of either a 20% or a 40% destocking in
early summer following a dry winter were notably better than the no action
tactic for all possible year sequences (Figure 2). They gave ten year
accumulated means of $0.986 m and $0.822 m for the 20% and 40% destocks
respectively, compared to $0.552 for the no action tactic. The 40%
destocking had a slightly worse expected return overall, mainly due to it
being disadvantageous in the most common form of dry period which only
lasts one year.

Over the past century, but with today's prices and production levels,
destocking in the face of drought would have been better in all decades but
the first (Table 2). In five decades it would have been better to approach
drought by immediately destocking by 40 %, and in only four by 20 %, but
overall there is negligible difference between the two tactics. No action,
which was probably a more common tactic on this type of property in earlier
years would have been financially disadvantageous, regardless of the
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environmental consequences.

Percent
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Figure 2. Frequency diagrams of accumulated cash surplus at the end of 10
years for all possible combinations of dry, average and good years for the
three drought management tactics on a sheep station. Solid triangles mark
the mean of the distribution for each strategy (left to right: no
destocking, destocking 40% and destocking 20 %).

Table 2. Results of running the three drought management tactics through
each decade of the historic weather sequence from 1886 -1985. Results are
expressed as mean annual cash surplus generated over ten years, with the
property starting each new decade in the same initial condition.

Mean Annual Cash Surplus ($'000s)

Decade
No

Destocking
20%

Destocking
40%

Destocking
Year
Sequence

1886-95 192 192 192 aagagaagag
1896-06 35 43 46 aaaaadddaa
1906-15 101 128 130 aagaggdadd
1916-25 159 177 173 agaaagaagd
1926-35 -67 -34 -33 aaddddgaad
1936-45 -14 32 - 27 adgaaddgdd
1946-55 85 126 103 aaadgagada
1956-65 -25 24 22 aadadaddaa
1966-75 3 37 48 addgaaadgg
1976-85 22 38 54 addgagadaa

Overall Mean 49.1 76.3 76.2

Note: Year sequence, a= average, g =good, d =dry

Obviously the result depends on the price of wool and the price of the
sheep which are removed. However an analysis of the sensitivity of the
results to this showed that the destocking was always worthwhile, with only
the precise balance between the 20% and 40% options altering.

DISCUSSION

Short term risks are right now, and have to be dealt with immediately. That
is why most managers focus on them ... compare the uptake of animal health
technologies with those in the land rehabilitation area. However even short
term decision making can be very poor and non -objective. The destocking
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tactics studied here illustrate how managers can make decisions which are
more economically objective and sensible in the short term, when a
sufficiently complete view is taken. For the particular property concerned,
this results in substantial destocking being advocated, regardless of the
longer term environmental implications.

In reality though, this is merely the first step to a more complete costing
of the options, which must include the longer term implications. Recent
studies (13,14,15,16) and normal farm practice (8) indicate that economic
optima may require higher stocking rates than those considered "normal" or
sustainable for a particular area. More importantly though, these studies
all noted that the cost of resource damage or degradation have not been
included in the farm production equation, and that such effects occur over
longer time spans than those included in normal economic analysis.

That past resource damage has been hidden by expanding water supplies,
genetic gains in livestock production capability and improved farming
technologies, is now becoming apparent. Past investment has concentrated on
fences and waters rather than any attempt to maintain landscape production
per se. Even the greenest of agricultural technologists, have had
difficulty in perceiving a reduction in forage utilisation levels, as being
an investment in long term pastoral productivity. They are supported in
this by an economics industry which emphasises immediate returns at the
expense of those sometime in the future. In the longer term context we have
to learn how to cost the land resource, and any decline in its
productivity, in an objective manner. If strategies such as High -Stock and
Average diminish their land capital, then they must be suitably penalised
in both economic and social terms.

As rangeland scientists we are obviously biased towards the risk evading
strategy. There is always the vision of landscapes in good heart, herds and
flocks seldom under stress, moderate and constant incomes, and green places
to take visiting environmental dignitaries. We are not the first to
highlight that taxation systems and various forms of government assistance
prop up higher risk management strategies. At best these management
strategies could become less erratic in their production systems if they
took a more moderate view towards grazing intensities. At worst, many high
risk management strategies have damaged their productive base. The taxpayer
is now being called to pay the price of "Landcare ". Some say...yet another
subsidy.

The one generalisation that may be made from this study is that there
should be more of such studies. Each region in Australia has its own set of
climatic risks, landscape nuances and highly individualistic rangeland
managers. Destocking once the rains fail seems to be a must, both for
dollars and degradation. Tools such as RANGEPACK Herd -Econ now exist to
allow such destocking strategies to be tailored to each property, and the
cash flow implications detailed for the next decade.

That we talk in decades means that we must also plan in decades. If
pastoralism is to remain a major landuse on Australia's rangelands, then
managers should be rushing towards the implementation of whole property
plans which balance the resource, the animals and the dollars. Plans should
be by preference, rather by statute and obligation. Witness the rush to the
chartered accountants office when new tax laws are imminent. If only the
land resource stimulated an equal enthusiasm.

These studies were a response to landholders problems, and their
willingness to measure risk, and to face change. We personally have learnt
a lot from our hours at the keyboard. There is much 'on property' wisdom
that has to be spread around. We need the input from managers about the
'when' and 'why' of their major decisions, how risk affects those decision,
and we need good records of their production systems.

Working together we can probably do better than working separately I
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ABSTRACT

A Land Management and Conservation Award was presented in April 1990 to the
Queensland grazier best demonstrating sustainable land use, assessed on
criteria of:

land use for sustainable production;

management techniques;

property planning; and

habitat management.

The United Graziers' Association of Queensland (UGA), a voluntary union of
graziers, conducted the Award.

This paper discusses the Award and how it was structured, outlining
techniques employed by the six regional winners in achieving conservative
management practices on their individual properties.

Conclusions are drawn on common management techniques employed by the
regional winners. The paper indicates how the information derived from the
Award can be used to build on the community interest that it created.

INTRODUCTION

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 UGA conducted a Centenary Land Management and
Conservation Award to coincide with its centenary in 1990. The Award was to
demonstrate publicly and positively the conservative, practical and
economically viable land conservation and livestock practices currently being
used by graziers. It was recognised that graziers need to demonstrate these
practices on a district basis.

A follow -up program is being developed, aimed at informing other graziers,
the urban community and decision- makers of these practices.

THE AWARD

A working party consisting of UGA representatives, officers of the Queensland
Department of Primary Industries, the then Department of Environment and
Conservation and other producer organisations (Cattlemen's Union and
Queensland Graingrowers' Association) refined the original UGA concept of the
Award. Sponsorship from government and business was obtained.
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Assessment criteria for the competition
Criteria were framed to cover all aspects of conservative property
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.

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.

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.

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.

Entries were restricted to any property in Queensland which the entrant
considered to be a viable living area and which derived the majority of its
income from grazing. The UGA's desire was to encourage graziers on both
small and larger properties to enter, recognising that those on smaller
properties might be undertaking practices to achieve a standard of living
acceptable to them but not to others. Entrants were encouraged to submit
either written reports, audio or video cassettes, or simply maps with
supporting notes on the assumption that not all graziers would feel
comfortable submitting a detailed written entry.

Initial judging was carried out within boundaries of the UGA's six district
associations (Map) by local judging panels consisting of a UGA
representative, Queensland Department of Primary Industries (QDPI)
officer(s), and a representative of either the Cattlemen's Union or
Queensland Graingrowers' Association. Judging panels were each provided with
a checklist to facilitate judging consistency. A statewide judging panel,
consisting of Mr Mac Drysdale (then President, UGA), Dr Brian Roberts (Head,
Land Use Study Centre, University College of Southern Queensland) and Mr Don
Henry (Director, World Wildlife Fund (Australia)) assessed six regional
winners to determine a statewide winner.

REGIONAL WINNERS

Award regional winners are located in the districts of Winton, north -west of
Longreach (statewide winner), of Tambo, north of Charleville, of Cunnamulla,
of Dysart, north -west of Rockhampton, of Injune, north of Roma and
Chinchilla, north -west of Toowoomba.

Notable features of regional winners
Winton. The property is approximately 24,000 ha, considered marginal

in size for that area. It normally carries approximately 7,000 sheep and
1,000 head of cattle.
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Topography varies from highly productive Mitchell grass 'downs' to rocky
spinifex jump -ups. The owner concentrated his grazing enterprise on the
better soils, leaving range areas in their natural state as an infrequently
used drought reserve and wildlife habitat.

Approximately 25 years ago the owner commenced a water -damming and ponding
system, based on the 'keyline principle'. He has gradually developed a
system where water from the ranges is collected (using earth banks) and
channelled to holding dams. He noted that water held against the banks for a
time increases pasture growth on clay pans which occur on the property.
Buffel grass was planted on these areas, increasing carrying capacity.

Water is thus held in strategically located dams and used at critical times
to irrigate improved pasture in small paddocks (totalling approximately 80
ha). Livestock can be placed on those pastures for 'finishing', or purchased
at low prices and fattened for resale at higher prices.

Further dams are planned and other improved pasture areas will be developed
to take advantage of the water resource. The owner says, "Water has been
controlled for irrigation and soil development, growth of trees and pasture,
stock watering, rehabilitation of degraded areas, visual appeal and
watercourse protection."

Other noteworthy property management aspects:

- Paddocks, fences, watering points and tracks have been laid out for ease
of maintenance and to suit topography, thereby reducing soil erosion.

- Noxious weeds and tree regrowth have been controlled as necessary.

- The owners operate a 'sideline' tourist enterprise, actively promoting
the land ethic they have developed. Practical results of this ethic are
explained to visitors.

Tambo. One of a family group, this property specialises in breeding
and fattening, while others breed commercial cows and bulls and finish cattle
on pasture and crop, or in feedlots. The properties are geographically
scattered, allowing cattle movement between properties in times of drought or
to suit other stock management programs and market requirements.

Sandstone escarpments and ranges occur on the property. Soils vary, from
highly fertile to poorer sandy soils. Property management to date has
focussed on the most fertile soils. A program of clearing and regrowth
control is underway with the aim of blade -ploughing the most productive land,
initially, and planting with crops and improved pastures to improve carrying
capacity and allow cattle fattening.

Legumes are being tested and, together with native pasture, will have a role
in maintaining fertility and better quality feed. Blade- ploughing is used,
where possible, to control erosion by enhancing water infiltration. Contour
banks are planned.

During development, natural vegetation is specifically retained in shade
clumps, particularly around watering points, along watercourses and on stony
ridges and ranges.
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Shade clumps are preferred to shade lines because of difficulties in stock
handling. Native shrubs are recognised as being useful in livestock
foraging.

Dams have been constructed and bores sunk. These are located strategically
to avoid heavy livestock concentrations and minimise walking distance to
water. Paddocks are planned to include a percentage of both productive and
less productive soils.

Livestock production concentrates on meeting market specifications. Maximum
conservative stocking rates have been identified for the different land
types, according to varying seasonal conditions. An assessment of likely
returns and probability of erosion governs the extent of development of
particular land types. Livestock management concentrates on using trap yards
located at watering points for any cattle work.

The owner says, "My plan is to improve inferior country with established
(improved) pastures so stock can last longer because of the higher protein of
the introduced pastures. The same number of stock can then be spread over a
larger improved area."

Cunnamulla. Originally, this block was excised from a larger property
for 'closer settlement'. It was considered at the time to be the 'worst' of
the blocks in the district and too small to be viable. The owner adopted
frugal living standards and innovative techniques to make it a small but
viable living area for his family.

The underdeveloped state of the property was used to advantage by recognising
all property characteristics when preparing an initial property plan. The
new owner, who had tried to 'draw a block' for 25 years, assessed the
productive capability of his soils and the available water supply as his
major considerations.

Water sources for the property are artesian supply, flood water and rainfall.
Soils were identified as highly productive alluvial flood plains, clay pans
or 'scalds' and sandhills.

The owner noted that levee banks caused water to 'stand' on clay pans and
that regrowth of native pasture occurred there, .. so he commenced a program of
levee bank construction. He also subdivided the 11,800 ha property into 30
main paddocks and 14 lanes and holding paddocks.

The levee bank system was developed to allow controlled flooding of certain
areas of the property and to retard rainfall runoff. Records showed that
there was a 75% chance of an annual flood of the Warrego River, so valves
were placed to allow flood waters onto the property. Two main check banks
raise the water level so that water can be directed onto some of the higher,
less productive soils. As a result, approximately 30% of the property can be
flooded.

This system of levee banks and trapped water has been used to flood- irrigate
the clay pan areas in particular. It has promoted increased pasture growth
on otherwise unproductive or less productive soils, resulting in a several -
fold increase in the natural carrying capacity of the land. The owners are
able to use flood water to grow pasture when local drought conditions apply.
This system increases subsoil moisture, with resultant rapid pasture growth
when rain falls.
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Various grasses and legumes have been tested. Buffel grass has been the most
successful, but grazing relies primarily on native grasses.

The owners recognised that with the small size of their block, they must
achieve maximum production per animal. They consider that the accepted
district standard carrying capacity is too high and have adopted a lower
property standard. Originally, good quality sheep were purchased. Emphasis
is placed on maintaining and improving that base with the purchase of
particular rams to meet their 'ideal' requirements. Few sheep have been
brought onto the property since that initial stock purchase.

Other notable aspects:

- Although weed seed comes onto the property with flood water, the owners
have managed, through diligence, to keep it relatively weed -free.

- Flooding has caused increased eucalypt seedling regrowth, which is
regularly controlled. Large scale clearing of vegetation is not
considered necessary and adequate wildlife habitat is retained.

- A rotational grazing program operates to spell paddocks, allowing
seeding and pasture regeneration.

- Surplus sheep are sold early in the financial year, making the major
portion of income available for accurate budgeting for the remainder of
the year.

- There are 12 sets of stock yards, two being fully equipped for all
livestock management activities.

- In summary, the property development program emphasises not increased
stock numbers, but improved returns from existing stock numbers. The
owners' major initiative is determining the most efficient and effective
use of all available water.

Injune. Located in the sandstone Carnarvon Range, this property has a
varied landscape. The ranges provide natural shelter for livestock, wildlife
habitat (because of their largely natural state) and picturesque scenery.
Belts of natural vegetation 20 -60 m wide have been retained around the
property, along creeks and rivers for watercourse protection and as stock
shelter around dams and stockyards. Fodder plant species have been retained
and also planted as a drought reserve for stock.

The property has been subdivided into 36 paddocks, with two main and seven
minor sets of stockyards, to minimise handling and stress on cattle. Each
paddock has a major dam and minor dams to ensure that cattle need walk no
more than 800 -1,000 m to water.

Silver- leafed ironbark has been largely cleared to reduce cattle deaths
associated with ingestion of sawfly larvae. This has resulted in a selective
clearing program leaving fodder trees, shade trees and trees of commercial
value. Regrowth of silver - leafed ironbark is allowed for up to 12 years to
encourage nutrient cycling, prior to further control. The sandstone soils
are recognised as being highly erodible and water spreading is considered a
high priority.

Improved pasture species were introduced, a water pondage system developed
and the owners are seeking a legume to suit their requirements.
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Optimum stocking rate has been identified as 80% of carrying capacity.
Pasture condition is regularly monitored and stock numbers are modified.
Phosphate deficiency has been identified and supplementation used to
advantage as a mustering tool. Other livestock management practices include
a disease control program, use of growth promotants on steers and bullocks
and a culling program to remove both cows not rearing a healthy calf annually
and stock with poor temperament.

A cross -breeding program testing many breeds has been undertaken to improve
herd characteristics. The owners have introduced a new breed of cattle into
Australia, known as Bi -Aus -Beef, which they believe will give additional
survival traits to their herds.

Other points of interest:

- Fire is a major management tool.

- Spear traps are used around dams for semi -automatic mustering an ease
of cattle handling in difficult terrain.

- The owners are loathe to use chemical control on weeds or feral animals.

- Vehicles traverse the whole property road width to avoid erosion caused
by wheel -ruts.

- Opportunity feedlots and 'early weaning' are drought strategies. Grain,
hay and other supplements are purchased regularly as drought feed.

- Wildlife corridors are retained and no further development occurs
without considering wildlife conservation and ecological balance.

- The owners are keen naturalists.

Dysart. The present owners purchased the undeveloped property 20 years
ago and sought considerable government advice while preparing their
development program. Their aim was to develop the land responsibly and
within its capability.

The property has been divided into 13 paddocks, with one set of centrally
located stockyards. Ample vegetation, acting as shelter for livestock and
wildlife habitat, was retained in all paddocks. Most watering points are
fenced off for ease of mustering. Over 200 km of contour banks have been
constructed on this 5,500 ha property.

Shelter belts of retained natural vegetation were surveyed through the
property to ensure that water flow from contour banks was not impeded.
Natural vegetation was left along all watercourses and drainage lines to help
prevent erosion. Areas of natural vegetation are protected by firebreaks to
ensure that they.are not inadvertently destroyed by wildfire. The owners
believe that this mosaic of vegetation has ensured that no species of
wildlife or native plant has disappeared from the property.

To control the continued regrowth of native tree species, some paddocks are
cultivated and share -farmed for 10 -12 years and then sown to improved
pasture. Paddocks already sown to pasture are spelled for three months
annually while cattle graze crop stubble. This has been effective in
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allowing pasture species to seed, controlling cattle ticks and minimising
chemical use generally.

Specific markets have been identified for livestock production and cattle are
produced to particular specifications. Breeding cows are culled annually to
remove those which do not produce a calf or demonstrate calf- rearing ability
and those with an unsatisfactory temperament. A stud has recently been
established to produce bulls to improve the quality and productivity of the
herd. Normal calving percentage is 90 %. Specific weaning programs have been
developed.

This property has been particularly well planned with integrated waterways,
contour banks, cultivated areas and pastures. Wildlife conservation and
preservation of examples of the original vegetation has been successfully
combined with a highly productive cattle herd and stud.

The owners consider that "development of this kind is time -consuming and more
expensive than other less responsible forms of development, but the time and
expense will be repaid many times over in the form of sustained long -term
productivity."

Chinchilla. Presently under the control of the third generation of the
family, this 4,900 ha property has experienced several development phases.
The owners now concentrate on consolidation of developments through a soil
conservation program, increasing the number of stock watering points,
rationalisation of paddock layouts and fencing, pasture improvement and
cross- breeding trials.

As the property was developed, land was used within its productive capacity.
The present owners have clearly defined varying land types, their optimum use
and how to achieve that use.

There is a current program to relocate fences according to topography, soil
type and livestock management requirements. Paddock subdivision has occurred
to simplify mustering, control stocking rates and allow rotational grazing
and paddock spelling.

Electric fencing has been successfully used to confine bulls to paddocks and
ensure neighbouring cattle do not introduce disease and interfere with
breeding programs. Laneways have been extended to facilitate stock
management.

Water shortage has been a consistent problem. Dams and diversion banks have
been constructed to increase catchments. Pipelines have been installed to
take water to specific stock watering points. Shade clumps have been
retained for stock shelter, to ensure even grazing of paddocks and contribute
to wildlife habitat.

Herd recording has been routine practice and characteristics of increased
growth rates, milking ability, fertility, temperament and resistance to eye
cancer have been selected for increased herd productivity. Cross -breeding
has been tested to improve those characteristics and to both increase weight
gain and improve carcass characteristics. Steers, purchased for fattening,
are run on the best quality country, while the breeders are run on lesser
quality land. Steer purchase is in spring, with the aim of spelling parts of
the property in winter when pasture productivity is lower. Attention is paid
to disease control and vaccination.
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Pasture management is based on improved pastures and native grasses. A
number of pasture species have been tested with varying success. Some grass
seed is harvested for sale. Weeds are not a serious problem, but control is
maintained by chipping, spraying and avoiding overgrazing.

Contour banks have been installed to minimise soil erosion. Fencing has been
used to exclude cattle from watercourses. Regrowth control by chemicals and
cultivation continues.

Wildlife corridors exist along watercourses and fencelines. Four large areas
of natural vegetation have been retained. One represents the now uncommon
brigalow -belah vine scrub vegetation association. Others were not cleared
for economic and land capability reasons. As well as wildlife habitat, they
provide commercial timber which can be harvested in times of poor cattle
prices. Feral animals are controlled by shooting and poisoning.

The owner says, "Every effort has been made not to ask too much of the good
country while still making adequate use of the poorer classes of country. It
is our goal that the property will [continue to] be productive in 50 -100
years time."

COMMON FEATURES OF WINNERS' MANAGEMENT PRACTICES

Livestock markets and Qenetic attributes
Assessment of the most suitable animal able to be produced on particular land
types is successfully combined with identifying the appropriate market
opportunity. These graziers are continually reassessing their success in
particular markets and revising livestock programs to better meet those or
other market requirements.

14vestock management

Most recognise the need to minimise distances travelled by livestock.
Livestock characteristics of good temperament, etc feature strongly in
breeding programs designed to produce livestock that meet market
specifications. Management techniques are often innovative, providing some
disease control or other local advantage over other district graziers.
Disease and parasite control feature strongly as requirements for producing
the best possible animal from the property.

$tocking rates and land caoabilit

These graziers are achieving a higher than average return per beast. Due to
an awareness of their land's capability and ability to produce their
preferred product, they are conservatively stocking their land, generally
below the district 'standard'. Most are concerned that overstocking might
lead to loss, in times of drought, of breeding stock they have developed.
Combined with their desire to avoid land degradation and their conservative
approach to land and livestock, they are able to avoid (other than in
exceptional conditions) the worst consequences of droughts and reduced
commodity prices.

Role of introduced and native pasture

Most are testing new varieties of pastures or using innovative techniques to
increase their return from native pastures. Water ponding, flood irrigation,
etc have been successfully used where conditions permit. Most acknowledge
the important role of suitable legumes and fodder trees in their management.
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property planning

While most have a formal property plan, all have a definite vision of how
their property development must proceed. Such a plan incorporates all
criteria considered in this Award, with the relative weighting depending on
their specific circumstances. Livestock productivity, livestock management,
knowledge of markets, pasture management and production, wildlife and soil
conservation all play a role, as does a genuine desire to preserve the
natural beauty and productivity of their properties. Most minimise the use
of pesticides, herbicides and poisons and recognise the dangers of overuse.

gole of native vegetation
All have achieved a balance between clearing native vegetation, controlling
regrowth and producing from their land. Shade clumps, belts of vegetation,
wildlife corridors and wildlife habitat are integral features of these
properties. Vegetation is generally retained along watercourses and on less
productive areas. Shade clumps or belts are sited to avoid overgrazing of
paddocks and in proximity to water points. In some cases, timber production
is used to augment property income.

Wildlife conservation

Some formally develop or retain areas for wildlife, others consider it a
secondary issue. Some are keen naturalists, others have limited knowledge
but genuine interest. All those affected by high kangaroo numbers undertake
some control, emphasising humane methods. Feral animals and weeds are
recognised as a particular problem, with specific control methods adopted.

SUMMARY

The Award has provided specific practical information on conservative grazing
and land management practices in Queensland.

An opportunity now exists to inform graziers of these practices and
demonstrate to the wider community that the grazing industry is encouraging
conservative land management. The follow -up program is being developed to
optimise this opportunity.

The Award has attracted widespread interest., The UGA considers it important
that the follow -up program includes the urban community and decision- makers
to create the widest possible awareness of the initiative, which has been
welcomed by the grazing industry, government, business and conservationists.
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IMPACT OF SOIL EROSION ON AUSTRALIA'S RANGELANDS

G. Pickup

CSIRO Division of Wildlife and Ecology,
Centre for Arid Zone Research,

P.O. Box 2111, Alice Springs, N.T., 0871

ABSTRACT

Soil erosion is a natural process which can be intensified by grazing,
leading to substantial losses in pastoral productivity. It affects plant
growth through reductions in soil moisture and nutrient availability, initial
plant community condition prior to rainfall pulses, and changes in species.
Erosion may involve both loss and redistribution of soil. Erosion patterns
include grazing gradients, hillslope- stream network structures and erosion
cell mosaics. Relict erosion patterns resulting from superfloods may also be
present. The location and intensity of erosion varies with climate.
Hillslopes are often more active during droughts while valley floors and
channels are scoured in wet periods. Erosion assessment techniques need
improvement if the "convenient myths" which allow people to ignore land
degradation are to be laid to rest. There are four ways of dealing with
erosion: information, education, legislation and risk management techniques.

INTRODUCTION

Soil erosion involves the detachment of particles or aggregates from the soil
surface, their transport by wind or water, and their deposition at some other
location either within or outside the property or drainage basin. This is a
natural process which has varied through time, even under natural conditions,
but it can also be greatly enhanced by the grazing and trampling activities
of stock. For example, studies of erosion rates near Broken Hill (1)
indicate that the average sediment yield for the period 3000 BP - 1859 AD was
0.037 m3 /ha /yr but after European settlement, the introduction of pastoralism
and the rabbit, it increased by a factor of 50.

The factors which lead to soil erosion can produce other forms of land
degradation. Erosion is therefore often associated with soil compaction,
loss of nutrients, build -up of toxic minerals, increased runoff, diminished
plant growth and an increase in the proportion of unpalatable species. This
makes it preferable to assess the effects of land degradation as a whole
rather than to try and isolate individual processes such as soil erosion.

The costs of land degradation are significant as studies of the mulga lands
of southwest Queensland have shown (2). This area suffers from soil loss,
nutrient loss, increased runoff and the encroachment of woody weeds. Thirty
per cent of the country is eroded and has experienced a loss in pasture
productivity of 84 %. Twenty per cent of the area has a canopy cover of more
than 10% of woody weeds and here pasture productivity has declined by 64 %.
The value of lost production of meat and fibre could be as high as $32
million which is about 1/3 of the present total.

This paper presents an overview of soil erosion in the rangelands. It deals
with effects on plants, types of erosion pattern, including both active and
relict ones, and the episodic and spatially variable nature of the process.
Some comments are also offered on problems of erosion assessment and how
erosion might be dealt with.

THE IMPACT OF SOIL EROSION

In the arid and semi -arid rangeland, plant growth is intermittent and occurs
in a pulse after each rainfall. Soil erosion affects the magnitude and shape
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of these pulses, and through them, the supply of forage. Three separate, but
often related effects on the vegetation pulses can be identified: the soil
moisture /nutrient limitation effect; the initial condition effect; and the
plant composition effect.

The soil moisture /nutrient limitation effect occurs because eroded areas have
a lower infiltration rate and smaller moisture storage capacity leading to
greater runoff than stable or depositional areas (2). Furthermore, eroded
soils usually have a lower nutrient content than stable or depositional areas
because organic material and fines (with sediment -bound nutrients) are
preferentially transported (3). The result is that when a vegetation pulse
occurs in response to a given rainfall, it will be smaller in eroded
landscapes than that of a stable area and larger where there is deposition
(Fig. la).

The initial condition effect occurs when plant response is a function of the
state of the plant community immediately before rainfall. Where the
community is dominated by ephemerals, plant response to rainfall is dependant
on growth from seed stocks. In eroded areas, these stocks may be small
because of limited growth response in previous events or because seeds have
been transported elsewhere. The subsequent vegetation pulse will therefore
be smaller than in stable or depositional areas (Fig. lb). A similar effect
can occur with perennials because fewer survive in eroded areas than in
stable or depositional sites and the total number of plants may be smaller
anyway.

The plant composition effect may be a result of erosion or it may occur when
species change has resulted from some other factor. It arises because the
shape and magnitude of the vegetation pulse varies with vegetation type and
the proportion of ephemerals, perennials and tree /shrub species which make up
the community (Fig. ic). In general, the largest and most rapid response to
smaller rainfalls comes from communities with a large number of perennial
grasses. Where ephemerals dominate, and plants must grow from seed, there
may be no response at all. As rainfall becomes larger, perennial grasses
still have the fastest response but differences in the amount of biomass
produced become less. Where tree /shrub species dominate, the vegetation
pulse may be smaller and much slower than with either ephemerals or
perennials. The relationships between plant cover and composition and
erosion and deposition are complex (Friedel and Pickup, this volume). For
example, in some areas of central Australia, eroded areas are dominated by
unpalatable perennial chenopods which produce relatively small increases in
biomass in response to rainfall. Perennial grasses are more common in
depositional areas and tend to produce much larger increases in biomass after
rain although this response may be damped if there is a substantial
tree /shrub cover which is often the case.

SOIL REDISTRIBUTION AND RECOVERY

Soil erosion does not occur uniformly across an area, especially at the
paddock scale. Instead, a complex spatial pattern results, some areas losing
soil, others gaining the eroded material, and other showing no activity at
all. The extent to which soil is lost to the system or merely redistributed
within a paddock, coupled with associated changes in runoff /runon patterns
can be an important determinant of future biological productivity. Loss of
soil is greatest where there is a well -developed drainage network. Erosion
also usually involves increased runoff so plant production is reduced by both
water and nutrient losses. Redistribution involves changes in the relative
proportions of eroding and depositional country (4) and is the dominant
process in flat areas with distributary drainage systems and erosion cell
mosaics. Normally, as erosion intensifies, the size of the eroded area
increases more rapidly than that of the associated depositional area where
sediment is progressively buried. Forage production is then reduced by a

160



a > o

E
ro

de
di

1(
a)

 S
O

IL
 M

O
IS

T
U

R
E

 /N
U

T
R

IE
N

T
LI

M
IT

A
T

IO
N

 E
F

F
E

C
T

In
ta

ct
 s

oi
l

"W
.,

.0
1.

1

a > o U

1(
b)

 IN
IT

IA
L 

C
O

N
D

IT
IO

N
 E

F
F

E
C

T

1(
c)

 S
P

E
C

IE
S

 E
F

F
E

C
T

m
ow

 O
M

.

E
ph

em
er

al
s

P
er

en
ni

al
 g

ra
ss

es

.
'

...
..

...
..

W
oo

dy
 s

hr
ub

s

T
im

e

F
ig

ur
e 

1:
 E

ffe
ct

s 
of

 e
ro

si
on

 o
n 

pl
an

t b
eh

av
io

ur
.

T
im

e



decline in total plant production as well as adverse species changes in both
eroded and depositional areas.

Removal of soil by erosion can have severe consequences for future
productivity. Some of the most vulnerable soils in the rangelands consist of
thin clay -loan or sandy loam veneers of aeolian or fluvial origin over
ancient clay sub -soils. Much of the plant -available moisture and the
nutrients are held in the veneers which are not being replenished under
current geomorphic processes. Once they are gone, there is little potential
for recovery except, perhaps, during "superfloods" (see below). Information
on the amount of soil loss and soil redistribution is therefore vital in
assessing the resilience of different parts of the landscape under grazing.

SPATIAL PATTERNS OF SOIL EROSION

Active patterns
Spatial patterns of erosion and deposition have not been studied for long in
Australia but three distinct types have been recognised: the grazing
gradient; the hillslope- stream network pattern; and the erosion cell
mosaic. These patterns are frequently overlaid to varying degrees producing
a set of composite structures. We are only now beginning to recognise these
structures and to disaggregate them into their component patterns (4, 5),
thereby showing how some very complex spatial structures can result when
grazing- induced erosion is added to natural patterns in the landscape.

Grazing gradient or piosphere -based erosion patterns are circular or star -

shaped and are centred on waterpoints. They occur because the intensity of
grazing and trampling increases towards water, reducing vegetation cover and
increasing the amount of material detached from the soil surface and
available for transport. The simplest grazing gradient involves a gradual
decrease in the amount of erosion away from the waterpoint and survives
because the factors which govern sediment transport capacity (i.e. the
ability of wind or water to move available material) are either uniform
across the area, which is unlikely, or well in excess of the sediment supply.
The spatial pattern of erosion which then develops is largely a function of
the spatial distribution of the factors which determine sediment supply.
Circular grazing gradient patterns develop in areas of uniform vegetation.
Star -shaped patterns occur where several vegetation types occur and some are
more palatable than others. Distinct corridors of activity then develop as
animals move between waterpoint and the areas of more palatable vegetation.

Pure grazing gradient erosion patterns are probably more a function of wind
than water erosion and so develop on fine -grained soils and in areas where
catchment size is relatively small or where local runoff is limited. They
are common on gibber plains once the stoney layer is disturbed by trampling
and on low tablelands with fine calcareous soils. They are less common in
sandy areas where the material is too coarse for extensive wind transport
under present levels of vegetation cover. It is then more common to find
them overlaid on an erosion cell mosaic or a hillslope- stream network erosion
pattern. Where this is the case, the grazing gradient may intensify the
natural pattern of erosion and deposition, making it very difficult to say
what erosion is due to stock and what is natural without computer -based
procedures such as those of (5).

Hillslope- stream network erosion /deposition patterns occur in the steeper
parts of Australia's rangelands. They develop where there is a well -
established tributary draining network fed by runoff and sediment from
hillslopes and have been studied in more detail than any other spatial
pattern (e.g. 6, 7). The spatial distribution of erosion and deposition in
these patterns depends on the relationship between sediment transport
capacity and sediment supply, both of which are related to topography.
Sediment transport capacity is a function of slope and the amount of runoff
which is determined by drainage area. Sediment supply consists of the
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material already eroded from upstream (and hence, a function of sediment
transport capacity) plus the material available for transport locally. In
some parts of the drainage basin, transport capacity exceeds supply producing
erosion, while in other parts, supply is greater than transport capacity and
deposition results. The precise location of erosion and deposition depends
on many factors including two -dimensional slope convexity or concavity, the
shape of the relationship between runoff and sediment transport (which can
vary with slope and sediment particle size, for example), the infiltration
rate and the distribution of vegetation cover (7). This produces a myriad of
possibilities made even more complex by the fact that erosion may involve
sheetflow, rilling or gullying, each of which produces a different sediment
transport rate for a given set of runoff, slope and sediment conditions (8).
It is therefore normal to treat hillslopes and channel systems separately
when modelling hillslope- stream network systems even though the two are
coupled.

In spite of the complexity, there are some common patterns of erosion and
deposition. Erosion on hillslopes tends to increase from upper to middle
sections, reaching a maximum once rills become well -developed. As slope
decreases in lower, convex sections, erosion may give way to deposition.
This pattern may weaken, intensify or shift up or downslope depending on the
rainfall event or the amount of vegetation cover present. In rangelands,
where both vary, hillslope erosion can therefore be expected to be a highly
erratic process. Sediment from hillslopes accumulates in valley bottoms
which often have wide shallow channels characterised by low flow velocities.
Where valleys are steeper or small catchments drain into a larger river,
valley floors may act as transfer zones rather than sinks so channel systems
are better developed (9). Erosion may occur at any location on the channel
system depending on the relationship between transport capacity and sediment
supply. It may also shift both upstream or downstream over time. In an
expanding drainage network, activity is concentrated at the advancing stream
head and along the higher order streams with deposition lower down choking
channels and causing overbank flooding. Erosion in middle reaches may
produce continuous scour and channel expansion but more frequently, it is
expressed as a series of waves of alternating erosion and deposition as slugs
of sediment are gradually shifted downstream by intermittent and short -lived
floods.

Erosion cell mosaics probably cover a larger proportion of the rangelands
than hillslope- stream network patterns although it is sometimes difficult to
determine a cutoff point between them because one merges into the other.
Erosion cells develop on flat arid lands with distributary drainage system
sand where the dominant process is sheetflow. In the hillslope- stream
network pattern, the major determinant of erosion and deposition is slope.
In the erosion cell mosaic, the effects of slope are minor and the pattern of
erosion and deposition is more a function of the amount of vegetation present
and the strong feedback that exists between soil gain or loss and the ability
to produce more vegetation. This means that areas of soil accumulation grow
more vegetation which traps more sediment and runoff which further encourages
vegetation growth. The processes of erosion and deposition therefore become
self- enhancing.

An erosion cell mosaic (10) consists of a set of overlaid and interlocking
erosion cells at a variety of spatial scales. Each erosion cell consists of
a source zone, a transfer zone and a sink. Source zones actively shed eroded
soil, seed and nutrients and are areas of sheetwash, wind erosion, rilling
and gullying. Transfer zones occur downslope of source zones and are areas
across which soil travels intermittently. There may also be temporary
storage of eroded material in localised deposits. Sinks are areas of soil
accumulation such as fans, floodouts and floodplains. Erosion cells occur at
scales of tens of metres to kilometres and not all of the zones may be
present. The configuration of erosion cells may vary. In flat country,
cells occur in many shapes and appear randomly distributed. In slightly
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steeper country, a composite pattern showing some topographic effects may
occur, with source zones on slopes and watersheds while the sinks develop
along the watercourses and occur as floodplains. The vegetation growth -
erosion /deposition feedback is, however, still the main process affecting the
spatial distribution pattern.

The development of an erosion cell may involve the removal and deposition of

only a few centimetres of soil but this can be sufficient to produce major
changes in vegetation. When a grazing gradient pattern is added and the
landscape becomes more degraded, erosion cell mosaics intensify. This
produces larger erosion cells and a greater proportion of the total area
experiencing either severe erosion or deposition (9). The landscape is
therefore increasingly partitioned into areas of bare ground and heavily
vegetated sink. Also, there will be changes in the response of the landscape
to rainfall. Where the erosion cell mosaic is well -developed, the increase
in cover after rain will be much more spatially -variable than that occurring
in a more stable landscape (4).

While erosion cells develop through the transport and deposition of eroded
soil, they also produce changes in the pattern of runoff, infiltration, and
runon in the landscape. This involves increased runoff and reduced
infiltration in source zones coupled with increased runon in sinks. Where
soil degradation rather than soil erosion occurs (e.g. compaction, crusting
etc.), features similar to erosion cells may develop from runoff
redistribution rather than soil movement. These features are common in mulga
lands and occur because reduced ground cover resulting from shrub increase,
grazing, trampling, and reduced infiltration capacity due to associated soil
structure decline produce higher runoff on slopes and interfluves. The
increased runoff means increased moisture supply to shallow washes and creeks
where very high densities of woody shrubs develop.

Relict patterns
Not all erosion and deposition in Australia's rangelands is associated with
currently active geomorphic processes. Many floodplain and alluvial fan
systems show extensive areas of apparent soil loss which are not associated
with existing grazing gradients, hilislope- stream network patterns or erosion'
cell mosaics. There may also be very large depositional structures without
any connection to contemporary drainage patterns. The eroded areas are often
attributed to high stocking densities in the early days of pastoralism even
though they are well away from natural or artificial watering points. The
depositional structures are usually explained as relics from past climates
yet they show little weathering and obviously post -date major climatic shifts
in the Holocene. They can also be an order of magnitude larger than
contemporary depositional systems which is too much to be explained by recent
climatic change.

Recent studies on the Ross and Todd Rivers in central Australia have shown
that some of these erosion and deposition patterns resulted from two enormous
floods which probably occurred during the last 2,000 years (11). These
floods probably stripped sediment from hillslopes and mountain valleys and
deposited a number of large sand threads often in the form of sequences of
huge bedforms in narrow ribbons out from the mountain ranges. These threads
now provide some of the most productive pastoral country in the area. At the
edges of the sand threads and downstream from them, not as much sediment was
available for transport and a series of wide, shallow channels were cut.
These channels often contain sets of giant ripples up to 100 m across with
what are now scalded surfaces between them. Many of the modern erosion cell
mosaics occur within these channel systems.

It is highly likely that these "superfloods" play a major role in soil
replenishment in areas close to arid zone mountain ranges. Currently active
alluvial fans occupy a narrow band at the base of the ranges and there is
little evidence of much sediment transport onto the plains beyond that band
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except on the larger creeks and rivers. The superfloods occupied very large
areas and provide the only means by which soil can be transported to and
deposited on many areas apart from by wind. After each superflood, these
areas became isolated from the main sediment sources in the mountain ranges
and a process of local sediment redistribution in erosion cell mosaics
becomes dominant where sediment movement does occur. Where local runoff is
insufficient to allow redistribution, the area effectively becomes inert
although there may be loss of finer sediment through wind erosion,
particularly if a grazing gradient develops.

SOIL EROSION THROUGH TIME

Many studies have shown that erosion varies inversely with vegetation cover
but at an exponential rate. A small reduction in cover may therefore produce
a substantial increase in the rate of soil loss (8). This means that erosion
rates tend to be highest during dry times when cover is at its lowest. The
reduction in cover also increases runoff so even though there is less
rainfall, sediment yield remains high. For example, studies carried out for
a dam on the Todd River indicate that total sediment discharge may be ten
times higher during a drought than in a wet period.

The effects of pastoral activities on erosion rates is also likely to be at
its highest during dry times. In the Alice Springs district, for example,
short term climatic variation produces a series of wet periods followed by
droughts. Historical evidence shows that cattle numbers begin to increase
during major wet periods but reach their maximum during the subsequent dry
period (12). Grazing pressure therefore tends to be at its highest when the
landscape is in a relatively erosion -prone state.

Erosion rates may not be at their highest everywhere during dry times. There
is growing evidence from a number of areas in Australia to suggest that
hillslopes and channel systems do not operate synchronously. During dry
periods, erosion on hillslopes is at a maximum but flows are not great enough
to move the resultant sediment down the channel network which becomes choked
(11). In wet periods, hillslopes revegetate,. cutting down sediment supply
to channels which are then scoured out by large floods causing channel and
drainage net expansion. Alternating wet and dry periods appear to be a
normal feature of Australia's climate (13) leading to the suggestion that
sediment movement operates like a "jerky conveyor belt" (14) with different
parts of the system active at different times.

PROBLEMS OF ASSESSMENT

The complex nature of erosion and the high level of seasonal variability in
Australia's rangelands make it genuinely difficult to determine what is going
on. In particular, the effects of degradation appear relatively minor when
compared with seasonal variability. This has lead to a set of "convenient
myths" which allow both the grazing industry and compliant government
agencies to avoid accepting that erosion and other forms of land degradation
are a problem. They myths include statements like: "The country always
comes back ", (some of it does but, as a general rule, this statement is quite
untrue); "the degradation occurred in the early days when stocking densities
were higher ", (much of it did but some can be shown to be recent); and, for
shrub increase, "the next big drought will thin them out ", (it hasn't in
areas that have had a shrub problem since the 1900s). If attitudes to land
degradation are to be changed, and the problems recognised, the convenient
myths must be laid to rest. This will require better methods of assessment
and monitoring.

The conventional approach to rangeland degradation is to treat it as a stable
system disturbed by grazing. Degradation is then defined as the extent to
which present conditions deviate from the stable state. This approach is, at
best, a gross oversimplification. Rangeland systems vary extensively in both
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time and space (5), and for many areas, there is no single condition which
represents stability. A better approach is to use the resilience of the
system which might possibly be defined as the efficiency with which rainfall
is converted into forage over a particular sequence of rainfall events.
Degradation then becomes a loss of resilience. It is also better to define
resilience in terms of a frequency distribution of responses to rainfall for
an area such as a paddock or property to allow for the spatial variability
inherent in rangelands (5, 15). Ground and satellite -based degradation
assessment techniques which fulfil these criteria are available already ( *)

or are under development ( *).

The techniques for measuring degradation are also deficient. For example, a
key problem is to separate human- induced change from natural spatial and
temporal variability in the environment. The usual way of making this
separation is to identify benchmarks, attributes, sites or areas which have
not been adversely- affected by activities such as grazing, assume that they
represent "natural" conditions, and then compare them with conditions in
supposedly degraded areas. These benchmarks are often selected in a crude
and arbitrary manner with disastrous results. Examples known to the author
include: the assumption that gullies always result from human activity,
selection of "excellent" range condition sites without reference to local
runoff /runon conditions, and the placement of exclosures without reference to
the distribution of grazing activities. There are also problems associated
with the use of point sampling schemes. Virtually all degradation assessment
methods measure attributes at a few locations and assume that their results
are representative of larger areas. This is frequently not the case (4) and
the problems of spatial variability need to be treated much more seriously.

Many of the limitations imposed by conventional land degradation assessment
methods can be avoided by combining ground surveys with multi -temporal remote
sensing. It is increasingly evident that simple spatial and temporal models
of vegetation cover dynamics can be used with remotely- sensed data to extract
degradation signatures, to distinguish human - induced change from natural
variability, and to remove the effects of season (5, 16, 17). Monitoring
agencies have responded poorly to these new approaches, sometimes through
inertia, sometimes because they are seen as a threat to existing procedures,
and sometimes because they fear the results.

DEALING WITH SOIL EROSION

Few pastoralists deliberately stock at levels likely to produce soil erosion.
Most of them also realise that land degradation, in general, and soil
erosion, in particular, reduce productivity and are expensive and sometimes
impossible to reverse. Why then is degradation so widespread and why does it
continue to occur?

In the author's experience, there are three main answers to these questions.
First, there is ignorance. Some graziers simply do not realise that they are
carrying too many stock at particular times in particular areas. Convincing
these individuals that their stock are having an adverse effect is
particularly difficult because seasonal changes produce large and rapid
shifts in the amount of vegetation disguising the slow underlying trends
associated with degradation. Some of them also do not want to know and take
refuge in the convenient myths described above. A second cause of
degradation can be financial pressure. Some properties may be too small or
have debts which are too large to reduce stocking densities. While these
properties may continue to operate in the short term, they are not
biologically or financially sustainable in the long term without changes in
management procedures and some may not be sustainable at all. There are also
situations where managers realise the problems of land degradation but are
prevented from addressing them by absentee owners demanding a financial
return on their investment. A third reason for degradation occurs because
pastoralism is a risky business with uncertain rainfall and market conditions
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and mistakes about stocking pressure are almost inevitable. Degradation risk
also varies quite substantially within a paddock because neither grazing
pressure nor susceptibility to degradation are spatially uniform. It is
therefore quite possible to undergraze some parts of a paddock while
overgrazing others. To deal with these issues, we have four main tools: -
information, education, legislation and risk management techniques.

Good information on the state of the landscape at regular intervals is a key
element in judging the performance of different stocking and management
procedures. At the property level, exclosures and fixed photopoints will
show a manager how the landscape changes over time and are far better than
relying on memory. At the government level, agencies should have a
responsibility to monitor the state of leasehold land using ground -based
networks or the new satellite -based remote sensing techniques. Whatever the
procedure, a baseline needs to be established and techniques used which are
capable of filtering out true degradation from seasonal and other types of
short term variability. Once this information is collected and reliable
methods of assessment are established, there are strong arguments for making
it publicly available, particularly where leasehold tenure is involved. At
present, government organisations tend to keep their monitoring information
confidential and, in cases known to the author, have quietly shelved reports
which contained unpalatable conclusions. Reduced information flow is not
conducive to the development of sustainable pastoral management and agencies
responsible for it are not helping their pastoral clients in the long term.

Effective education programs should raise community awareness of land
degradation, should equip pastoral managers with tools to reduce degradation
risk in their operations, and should provide a cadre of trained advisers in
the extension agencies. These programs should also be aimed at changing
attitudes and developing a land ethic. Federal and State Landcare programs
address these issues and rely, with varying success, on peer pressure and
community -based organisations. There are, however, not enough trained
advisers to support regional landcare groups and educational institutions do
not provide enough short courses to improve the expertise of group members,
particularly in rangelands. These institutions are also proving slow in
developing courses to retrain advisers and extension officers in new
technology and modern methods of dealing with land degradation.

Legislative and regulatory powers to deal with land degradation exist in a
variety of forms but it is rare to see them invoked for a number of reasons.
First, because of the complex technical issues involved, cases may be
difficult to prove so agencies are reluctant to launch prosecutions. Second,
there is an aversion to the "big stick" approach among government agencies
partly because of the controversy it would generate but also because it might
compromise the "gentle persuasion" approach those agencies prefer. The use
of legislative and regulatory powers should continue to be a last resort but
these powers will not act as a deterrent unless they are occasionally
invoked. It may therefore be appropriate for land management agencies to
adopt a more aggressive approach in extreme cases where there is clear
mistreatment of the land.

Risk management techniques involve the use of paddock layouts and stock
management techniques which reduce the risk of land degradation to an
acceptable level. At the design stage, these techniques may be incorporated
into property plans and include land capability studies, erosion risk
assessment, and waterpoint siting to produce a more even grazing
distribution. At the operational level, risk management can include
techniques such as the maintenance of minimum acceptable levels of vegetation
cover, spelling and stock buying and selling strategies during and after
drought. Many of these technical fixes have been developed already. Others
are at the post- research stage and require operational testing. All need to
be more aggressively marketed and adopted more widely.
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RUNOFF AND SOIL LOSS FROM FOUR SMALL CATCHMENTS IN THE MULGA LANDS OF
SOUTH WEST QUEENSLAND.

Miles, R.L. and Johnston, P.W.

Queensland Department of Primary Industries, Charleville Pastoral Laboratory,
P.O. Box 42, Charleville. Queensland. 4470.

ABSTRACT

This study investigates the relationship between pasture production, runoff
and soil loss from four small catchments in the mulga lands of south west
Queensland over a three year period. The mulga lands of south west Queensland
are degrading under current land use practices. In areas that are over -
utilized as much as 80% of a storm can be lost as runoff. Losses of this
order cause severe erosion and place the area in an artificial drought
situation.

A positive linear relationship has been found between soil loss and rainfall
and a dependent negative cubic relationship between soil loss and vegetation
cover. Landholders within the mulga lands could theoretically reduce
infiltration losses to 10% of the average annual rainfall compared to the
current 40% by doubling the residual vegetation canopy cover after grazing.
By doubling the residual vegetation canopy cover soil loss would be reduced
to one tenth of that currently experienced. The infiltration losses
estimated to be occuring in the mulga lands equates to potential production
losses of dry matter of in excess of 400kg /ha. The implications of the
relationships derived by this study for management are discussed and the
relationship modelled. Losses of preferred plant species through overgrazing
were negligible for the three years of the trial.

INTRODUCTION

The mulga lands of south west Queensland have been grazed by domestic
livestock for just on 100 years and concern has been expressed for the
gradual yet constant decline in productivity (Gasteen, 1986). Rainfall in
this area is both spatially and temporally variable (Fleming, 1978) and
economic productivity is dependent on maximising the benefit from each
rainfall event. Declining vegetative cover levels have resulted in major
changes in the surface hydrology of the area with exponential increases in
stream flows recorded for the Paroo River since 1960 (Miles, 1988). Drought
records indicate that one of the major shires in the mulga region (Paroo) has
been drought declared 75% of the time since 1964. Rainfall records show no
major shift in rainfall pattern to account for this (Miles, 1988). Surface
runoff appears to be correlated.

The understanding of surface hydrology in the semi -arid rangelands of
Australia is limited. This understanding given the spatial and temporal
variability of rainfall in semi -arid environments is critical to the
development of sustainable land use practices.

Runoff and soil loss investigations in the mulga lands have been largely
limited to a few rainfall simulations on small plots (Pressland and Lehane,
1982; Pressland, 1976; Glanville and Mills, 1987; Miles and Glanville, 1990)
with a few infiltrometer studies (Gifford, 1978, Miles and Glanville, 1990).
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Generally point infiltration has been shown to increase with vegetative cover
using rainfall simulation (Thompson, 1968, Wood and Blackburn, 1981).
Pressland and Lehane (1982) reported that biomass levels of > 2000kg /ha are
necessary to reduce runoff below 60% in small simulation plots in the mulga
lands of south west Queensland. Reductions in sorptivity and hydraulic
conductivity on red earths in the northern territory were found by Bridges et
a1. (1983) to be correlated to heavy grazing pressure.

This study recorded total runoff and soil loss on an event basis over a three
year period from four small catchments in the mulga lands of south west
Queensland. Both vegetation cover and composition along with antecedent soil
moisture were recorded. Two catchments were located on hard stoney red
earths (hard mulga) and two on soft loamy red earths (soft mulga), in an
attempt to provide some understanding of the relationship between rainfall
duration /intensity, vegetation cover, runoff and soil loss in the mulga
lands.

MATERIALS AND METHODS

Site description.

Four hillslopes were selected on both hard and soft mulga land systems
(Dawson, 1974) in the mulga lands west of the Warrego River, south west
Queensland. The hard mulga hillslopes were located on Croxdale station 15km
west of Charleville and the soft mulga hillslopes were located on Mayfield
station 47km west of Charleville. The four hillslopes were surveyed with a
dumpy level on a 5m grid pattern and 1.0 to 1.2 ha. catchments identified on
each site.

Soils of the hard mulga catchments range from shallow to moderately deep (30-
60cm), acid, loamy red earths with ironstone gravel throughout the profile.
Textures grade from sandy /clay loam at the surface to light clay at depth (Gn
2.11, Gn 2.12; Northcote, 1965). Soils of the soft mulga catchments are
moderately deep ( >60cm), loamy red earths with ironstone shot throughout the
profile, textures grade from sandy clay loam at the surface to light clay at
depth (Gn 2.11, Gn 2.12 (Northcote, 1965). All sites were of uniform relief
with slopes of less than 1 %.

Equipment.

The catchments were bordered by a 30cm high earth mound to eliminate possible
runon and runoff induced by the channelling of water by sheep pads when
grazing. Each catchment was equipped with two 50 metre V shaped earth
trenches coated with bitumen draining through San Dimas flumes with
dimensions calculated to accommodate 100% runoff from a greater than 1 in 100
year event using rainfall intensity duration data provided by the Australian
Bureau of Meteorology.

The San Dimas flume uses lateral contraction plus a 3% slope in its floor to
create supercritical flow. Head measurements are made in supercritical flow
in the throat and critical depth occurs upstream. Because of this discharge
ratings are independent of upstream and down stream disturbances. Variations
in approach conditions have little effect on the ratings. The flumes were
constructed with two stilling wells equipped with a capacitor -frequency
height recorder and a clock driven float and chart manual height recorder.
Pluviometers were used to record rainfall intensity duration.

Five metre Gerlach troughs were also installed on each catchment draining
through tipping buckets and equipped with a vertical profile suspension
sampler and weir for bed load measurements. The capacitor frequency height
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recorder, tipping buckets and pluviometer were coupled to an 1802 data logger
calibrated to a 3 minute recording interval. All sites were serviced with a
network of standard 6" rain gauges.

Data collection and analysis.

Data collection commenced in January 1987 for the hard mulga sites and in
June 1987 for the soft mulga sites. Data collection ceased in April 1990 for
all sites and records were collected for 51 separate rainfall events on the
hard mulga catchments and 37 on the soft mulga. All sites were serviced
weekly and the capacitor frequency height recorders cleaned with hydrogen
peroxide and re- calibrated to minimise recording errors due to organic
residue. After each event loggers were down loaded with an Epsom HX20 and
data transferred to an IBM PC for analysis. Height recorder charts were
removed and digitized. Calibration for the San Dimas flumes was based on the
general equation for free flow.

Q = 6.35W1.04 H1.5-N

where

Q = cubic feet per second
H = height of water (ft)

W = width of flume (ft)

N = 0.179 W.32

Gravimetric soil moisture (expressed as % OD) was measured 24 hours after
rain followed by three days, seven days then weekly on a continuous basis.
Soil moisture was sampled in 10cm depth increments to bed rock on the hard
mulga sites (30cm) and 60 cm on the soft mulga soils with three replicates on
each of the four sites. Bed load and suspension samples were oven dried and
weighted. Moisture content of the total soil profile was measured to study
the dry down phase and the retention of moisture in the lower horizons.

Penetrometer readings and soil surface temperatures were recorded at 1.00pm
daily in vegetated and non vegetated areas for three months of summer at the
outset of the trial only. Three replicate measurements were taken at each
recording. These measurements were taken to determine changes in crust
strength and soil surface temperatures in the post event period between areas
with a canopy cover of grass and bare areas.

Vegetation basal area, percentage cover, biomass and species composition were
recorded using both dry weight rank techniques and step point methods
(Tidmarsh and Howenga, 1955). Recordings were made on a three monthly basis
and 4 -6 weeks after a major rainfall event. Dry weight rank measurements
were based on 100 x 0.25m2 quadrants per 1.0 - 1.2 ha site. Vegetative cover
was assessed using 3000 step points per catchment and was defined as the sum
of the projected foliage cover and litter.

Catchment condition and use.

Catchments were selected on the basis of condition and geomorphic uniformity.
The catchments were copsidered comparable in terms of their topography. One
catchment on each soil type was regarded as in poor condition i.e. low levels
of biomass and minor woody weed invasion while the remaining two sets were
considered to be in better condition with higher coverage of grass. The
events recorded on each catchment covered a range of conditions such as
antecedent soil moisture and vegetation cover levels. Grazing of the

catchments was managed such that the range of conditions could be obtained.
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The strategies ranged from overstocking to spelling and native animal grazing
and control programmes.

The catchments were identified as Croxdale good /poor and Mayfield good/poor.
The catchments called poor were managed with stocking rates that typified the
upper regional stocking levels with native animal grazing (kangaroos) while
the catchments called good were either conservatively stocked or spelled.
Some native grazing control was employed though only when the grazing by
kangaroos was seen as significantly affecting cover levels.

RESULTS.

Vegetation.

Vegetative cover on the four catchments ranged from five percent canopy cover
in November, 1988 to 53 percent cover in April, 1987. Cover generally
increased during the summer wet season and declined through winter. Basal
area similarly fluctuated from 0.2% to 4.8 %. Basal areas below 2% are
extremely difficult to measure accurately and therefore should be regarded as
approximate only. Cover levels on the conservatively stocked and spelled
catchment never fell below 22 %. On the heavily grazed catchments cover
levels never exceeded 24% (Table 1).

Table 1. Vegetation cover levels and biomass for eight catchments on the
soft and hard mulga land systems of south west Queensland.

YEAR

1987 1988 1989
Condition

maintained in GOOD POOR GOOD POOR GOOD POOR

1.Hard Mulga Min Max Min Max Min Max Min Max Min Max Min Max
(Croxdale) Apr Sept Sept Apr Nov May Nov May Jan Mar Jan Mar

Biomass 724 726 38 113 502 726 35 51 620 703 37 127

(kg /ha)

Cover( %) 38 53 18 21 37 44 5 10 40 33 6 11

area( %) 2.75 2.8 0.60 2.25 2.8 3.4 0.2 0.4 3.0 2.6 0.3 1.8

2.Soft Mulga

(Mayfield) Apr Sept June Sept Nov June June Nov Jan Mar Jan Mar

Biomass N 740 N 367 564 659 240 253 400 405 120 133
(kg /ha)

Cover( %) N 39 N 24 32 36 16 23 22 22 16 17

Basal

area( %) N 4.0 N 2.2 2.0 1.8 0.2 0.8 1.3 1.4 0.3 1.6

* N = no data as site recording started mid year.

Plant species composition varied considerably dependent on climatic
conditions and time of year, however pasture assessments showed no
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discernible changes to species composition either between catchments or over
time (P> 0.05) .

Runoff.

Runoff varied considerably between catchments and was noticeably higher on
the heavily grazed catchments. On the hard mulga sites monitoring of runoff
commenced on January, 1987. Since that time the runoff, on the heavily
grazed catchments with an average cover of approximately 18 %, has represented
46% of the total rainfall. Runoff from the conservatively stocked
catchments represented only 9.6% on the hard mulga. The results on the soft
mulga while only available from late 1987 are not significantly different
from the hard mulga on the conservatively stocked areas (9.9 %, P >0.05) and
slightly lower on the poorer area (36 %, P <0.05). The difference in runoff
from the poor catchments on soft mulga areas is probably a function of
slightly higher average cover (20 %) and greater soil depth (< 2m).

Comparison of the multiple regression analysis of runoff from the four
catchments for the factors antecedent soil moisture, plant basal area,
percentage vegetation canopy cover, rainfall intensity, duration and quantity
showed no differences (P>0.05). Pooling the data and using multiple
regression provided a simple insight into runoff and the factors which
strongly influence it. A model was defined using vegetation canopy expressed
as a percent cover, soil moisture expressed as percent oven dry, amount of
rainfall in millimetres and the duration of storm in minutes. For the
analysis data was transformed by taking the arc -sine square roots of

percentages to ensure the data was continuous and normally distributed. The
model accounts for 87% of the variation of the dependent variables with an
adjusted squared multiple R of 0.72.

The model has the following form :

Where
Y = 0.402*R - 0.010*C2 + 0.084*D - 2.6035*S

Y = runoff (mm depth)
R = rainfall (mm)
D = duration of storm (minutes)
S = antecedent soil moisture (OD%)
C = vegetation canopy cover ( %)

A limitation of the model is that it describes runoff conditions on loamy,
red earths Gn 2.1 for catchments with average slopes of < 1% bulk densities
between 1.44 to 1.55. These soils represent the major soil type and slope
characteristics of the mulga lands.

Storms with peak rainfall intensities greater than 73mm /hr generated as much
as 80% of the rainfall as runoff on soils with less than 20% cover. Whereas
soils with greater than 40% cover lost less than 10% of rainfall as runoff
(Figure 1.).

When soils were below field capacity (i.e. 12% gravimetric water content)

peak rainfall intensities of approximately 7mm /hr generated runoff on the
poor catchments (approx. 20% cover). On the catchments in good condition
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CROXDALE FIELD STATION

RUNOFF SITE

MICROGRAPH EXAMPLE

SITE: Croadsle

CATCHMENT: Good

RAINFALL: 55.5 Rm

COVER: 400

AREA OP
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RUNOFF MM DEPTH: 4.908 mm

PEAK DISCHARGE: 14.10 mm /hr
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Figure 1. Runoff hydregraphs of a single storm for two 1.2 hectare
catchments, demonstrating the effect of vegetation cover on runoff in
the mulga lands of south west Queensland.
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(40% cover) peak rainfall intensities of > 21mm /hr were required before
runoff occurred.

Soil moisture.

Field capacity and wilting point expressed as gravimetric soil water content
( %) were found to be 12 and 4% respectively for the catchment soils. Average
soil moisture after each rainfall event was consistently higher on the

catchments with the greatest grass cover (Figures 2 and 3). However, soil
moisture declined at a greater rate in the catchments with higher cover
levels (40 %), possibly due to higher levels of evapotranspiration. The rate
of change in soil water levels is also reflected in the depth of soil with
the soft mulga sites (with deeper soil profiles) having lower rates of
decline particularly on catchments of lower cover levels.

The number of days in which average soil moisture exceeded wilting point for
the catchments maintained at 20% and 40% cover was; for Croxdale 240 and 345
days out of 780 respectively and for Mayfield 322 and 349 days out of 570
respectively. The cooler months of Autumn and Winter account for the major
period of time in which soil moisture exceeds 4% (Figures 2 and 3).

The rate of decline of soil moisture is reduced in the catchments once soil
moisture falls below 4% (Figure 4). This supports the laboratory
determination of 4% gravimetric soil moisture as wilting point for these
soils.

The relationship between soil depth and soil water with time (Figure 4)
indicates that the first ten centimetres responds rapidly to
evapotranspiration. The response curve is similar on all sites. Below ten
centimetres depth soil moisture declines less rapidly in the sites of lower
cover than in the sites of higher cover levels. This suggests that the areas
of higher cover are experiencing greater losses from transpiration. The

plant roots appear to be effectively tapping the soil moisture to a depth of
at least 50cm.

The effect of transpiration on soil moisture is governed by the density of
plant material and this needs to be considered in the prediction of growth
periods from available soil moisture. Areas of high cover receive greater
infiltration and rapidly utilize this available soil moisture. On the other
hand lower levels of cover are associated with lower levels of infiltration
and the lower plant biomass means that available soil moisture is maintained
for longer periods due to differences in total transpiration loss per unit
area.

Soil loss.

Soil loss varied considerably between the catchments with total annual losses
exceeding 3.57 tonnes per hectare from the hard mulga sites with 20% cover
and 0.37 tonnes per hectare on the site with 40% cover and on the soft mulga
2.38 tonnes on the site with 22% cover and 0.63 tonnes on the site with 40ó
cover. Differences between the sites are due principally to rainfall patterns
and cover levels at the time of events. Soil loss was most strongly
correlated with rainfall (P< 0.01) r =0.72) and negatively related to cover
(P<0.01) r= 0.68). Variables such as intensity of rainfall and soil moisture
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were also positively correlated while duration of rain was negatively
correlated (P <0.05).

Multiple polynomial regression was used to define a model to predict soil
loss combining both hard and soft mulga. The model defined includes only
cover and rainfall, while other variables improved the fit they failed to
significantly (P >0.05) improve the model. Model improvement through the
inclusion of the additional variables was of the order of 5 %. The model has
the following form.

where

Y = 8.098R - 0.228C2 (SE=73.29)

Y soil loss (kg /ha)

R = rainfall (mm)
C = grass canopy cover ( %)

The model accounts for 83.9% of the variation in soil loss experienced on the
catchments since 1987 with an adjusted squared multiple R of 0.683. Over this
period of time peak storm intensities never exceeded 72mm per hour on the
catchments. The model is not valid for falls of less than 10mm, which
generally produce very little or no runoff. From the data set no differences
were evident between the soft and hard mulga sites for similar cover levels.
Losses of suspended sediment were 44% of the total soil loss. These values
are consistent with the particle size analysis with silt and clay
representing 46% which indicates that soil erosion caused by water is not
particle size selective.

The highest loss recorded was from a 55.5mm fall with a 67mm peak intensity
and duration over three hours 17 minutes on the hard mulga site with 5%
cover. 288.25kg/ha were recorded for suspended load with 297.89 kg /ha of bed
load. The peak discharge from a rainfall event was substantially attenuated
by increasing cover levels. High vegetative cover levels reduced runoff
velocity which in turn reduced energy levels of the runoff water and lowered
its ability to carry sediment. While cover reduced peak discharge it also
extended the duration of discharge (Figure 1).

Surface temperatures and penetrometer readings.

Surface temperatures on bare soil were recorded as high as 65 °C in the first
centimetre of soil at 38.5 °C air temperature. For the same air temperatures
under the grass canopy cover the temperatures of the first centimetres of
soil was only 31 °C. At these temperatures seedlings on the bare areas were
rapidly burnt off and died while on the grassed areas they persisted and
established to maturity.

Surface crust strengths provided little insight as to the differences in
infiltration between the catchments relative to cover. Drop cone penetrometer
readings showed an increase in surface crust strength with time since
rainfall (P <0.05), though variations between and within different types of
cover prohibited any meaningful interpretation (P >0.05).
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DISCUSSION

The results have quite clearly shown that both runoff and soil loss increased
with lower levels of vegetative cover. The implications of this from a
productivity point of view are important. Not only is there reduced soil
moisture content for plant growth with lower levels of cover but the erosion
has the potential to drastically affect productivity through lost nutrients.
Recent findings of Miles and Baker (in press) supported by Charlie and

Cowling (1968) and Friedel (1984) indicate that minor soil loss in lateritic
red earths is critical to plant growth. In the mulga lands of south west
Queensland 70% of the soil nutrients are found in the first two centimetres
and 90% are accounted for in the first three centimetres (Miles and Baker, in
press). Soil loss from the catchments with 20% vegetative cover are of the
order of 0.5mm per year however much of the mulga lands of western Queensland
have cover as low as 2% for the majority of the year. These are predicted by
the model to give soil losses of 0.8mm year. While these levels are still
relatively low the rate of soil loss is sixteen times that experienced in
areas of good cover (40 %).

The soil loss coupled with runoff means that styles of management that
create low cover have also reduced productivity through limited available
soil moisture and reduced nutrient status. Potential soil moisture is
reduced by 40% on 20% cover whereas 40% cover realizes only a 10% loss of
infiltration through runoff.

If we assume no loss of nutrients due to runoff then the work by Rickert and
McKeon (1982) provides a comparison of the potential loss of plant growth
through rainfall. The relationship for a mulga community, between rainfall
and primary productivity of the pasture if assumed linear, is equal to 2.04
times the rainfall (kg /ha). Charleville receives a 500mm average rainfall
the maximum potential plant growth for the 40% cover site would therefore be

922 kg of dry matter production annually, given the 10% loss due to runoff.
On the site with low levels of cover the potential production based on the
40% loss of rainfall is 520 kg /ha of dry matter production. These are based
on the assumption that there are sufficient plants to exploit the available
soil moisture. Basal areas of 4% represent the basis of the model. The
basal areas of the runoff sites were 3.4% maximum on the Croxdale good
catchments and 4.0% maximum on the Mayfield good catchments. The biomass
measured at the end of the growth period (March)(Christie and Hughes 1983)

was 726 and 740kg /ha respectively. At the same time the dry matter yields
were 367kg /ha for the Mayfield poor catchment with a basal area of 2.2 and on
the Croxdale poor catchment 35 kg /ha for a 0.2% basal area.

Domestic and native animals on the catchments had consumed some of the
biomass before the end of summer measurement was taken for this comparison. A
small part of the vegetation dry matter recorded, particularly on the good

catchments, was seasonal carry over material. Considering these anomalies the
example adds support to the pasture production model of Rickert and McKeon
(1982) .

Based on this information stocking conservatively to maintain vegetation
cover at levels of 40% or better will provide a more sustainable and higher
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level of productivity than higher levels of stocking where vegetation cover
is reduced below 20 %. The differences in productivity through higher rates
of infiltration alone is 77 %. The additive and possibly multiplicative
affect of soil and nutrient loss would widen the gap between the productivity
of these two grazing strategies. Preliminary results of a pot trial by the
author assessing the effects of soil loss on plant growth in the mulga lands
indicate that a lcm loss of soil reduces by half above ground production.
The trial is based on a non limiting water supply and undisturbed soil cores
of soft mulga soil. Previous studies by Pressland and Cowan (1987) in the
mulga lands used two levels of soil removal, five and ten centimetres, to
predict the effect of soil loss on productivity . Their data suggested a
linear relationship existed between productivity and soil loss, and a total
above a below ground reduction in productivity of 50% for the 5cm soil loss.
That study however was based on disturbed and mixed soil material. Such an
approach influences the distribution of soil nutrients.

The lateritic red earths of the Mulga Lands are inherently self sealing. The
removal of vegetation rapidly results in a collapse of the soil surface and
sealing. The exposed surface is rapidly colonised with cryptogams and this
further reduces infiltration and impedes soil loss (Greene and Tongway 1988).

This characteristic is possibly principally responsible for low soil losses
in areas of low cover. The question that this raises hinges on the role of
natural erosion. Do geomorphic factors outweigh the influence of man's
activities ? Pickup and Chewings (1987) report that the mulga lands comprise
of a series of erosion cell mosaics and that the cells comprise of
deposition, transition and erosion areas. Pickup and Chewings (1987) suggest
that the size or proportion that each cell represents in an area changes with
time. The data of Mills, Cattabiano and Turner (1989) suggest that the
erosion cells are increasing in size with pastoral activities and that the
deposition areas are declining. Work by Miles and Campbell (in press) using
the radio active isotope Caesium 137 to measure erosion over the last 30
years in the mulga lands of south west Queensland suggest that erosion

products are generally removed from the catchments and not relocated within
the catchments. On the basis of this data and the comparisons between the
good and poor catchments it is evident that man's activities are accelerating
the erosional processes and that careful management can prevent this.

On the basis of the findings reported here it is apparent that the
maintenance of vegetation cover is a critical factor in maximising production
in the mulga lands. More importantly it is the maintenance of cover that will
lead to the sustainability of that production. At present graziers in the
mulga lands of south west Queensland make extensive use of browse trees
(Acacia anuera) in dry times to maintain stock numbers (Mills 1986). This is
at the expense of the grass cover. When droughts break stock numbers are high
and cover levels low.

This results in high levels of grazing pressure on re- establishing pastures.
New seedlings are damaged and older grasses are eaten off before they have a

chance to set seed. As a consequence soil seed reserves decline and basal
area diminishes with time (Dawson and Boyland, 1974). If graziers are to
maximise and sustain production by reducing runoff and erosion then changes
in current management strategies are required. There is a need to develop
education programmes which will demonstrate the importance of flexible and
conservative stocking strategies. This paper has clearly demonstrated the
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importance of cover in minimising runoff and erosion and the substantially
high levels of productivity that it provides. Unless changes in management

strategies are adopoted that will minimise runoff and erosion there is little
point in attempting to reclaim the extensive degraded areas of the mulga
lands as reported by Mills (1986) and Mills et al. (1989).
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HOW EROSIONAL HISTORY AFFECTS THE DEVELOPMENT OF PASTURE AND SCRUB - A
CENTRAL AUSTRALIAN CASE STUDY

M.H. Friedel, G. Pickup and D.J. Nelson
CSIRO Division of Wildlife & Ecology
PO Box 2111, Alice Springs, NT 0871

ABSTRACT

We investigated the vegetation of two active floodplains and associated
stable landforms over a period of seven years, paying particular attention
to the types of soil surfaces on which the plants grew. Long -lived trees
were established on stable surfaces laid down in 700 -year -old superfloads
and during much older activity. Less stable surfaces supported shorter -
lived trees and shrubs, while the most active surfaces were entirely
treeless.

Many pasture species also showed preference for particular erosional
surfaces. For example, the presence of Sclerolaena bicornis distinguished
active floodplains from stable sand sheets, while S. divaricata separated
severely eroded from less damaged floodplains. The dynamics of pasture
composition over the seven -year period were also different for contrasting
surfaces. Interestingly, erosion of stable surfaces did not change
pasture dynamics until the subsoil became exposed. Regardless of surface
type, changes in species composition brought about by major rainfall
persisted for several years. We could not detect any impact of grazing
cattle on pasture composition over time, despite independent evidence of
grazing patterns in the area.

INTRODUCTION

The process of soil erosion creates a diversity of soil surfaces. Not all
of them will be equally suitable for plant life. Some surfaces are
created by past activity and are now relatively stable, while others are
currently active. In an active and relatively flat arid -zone landform
such as an alluvial fan or a floodplain, runoff water and sediment from
one area will accumulate temporarily on their way to a sink in another
area. These three components - the source zone, transfer zone and sink -
together form an erosion cell (1), which is repeated many times to form a
mosaic or a set of alternating waves of erosion and deposition along a
floodplain. In steeper country, similar patterns develop but with sinks
along incised watercourses.

These patterns are not fixed in time. Depending on the size of an
erosional event, sediment will shift down the transfer zone but may
temporarily accumulate. Movement will be intermittent because rainstorms
large enough to cause erosion are infrequent and transient. Any grazing
effects will be superimposed on this shifting pattern and might be
expected to vary systematically with distance from water.

Erosion cells can be as small as a few centimetres but, for practical
management, cells of the order of tens of metres to kilometres are
important because each zone is large enough to support distinctive
vegetation. If an erosion cell mosaic is to be monitored to determine the
impact of grazing, it will be necessary to identify vegetational response
to the underlying erosional pattern as part of the procedure.

We report a study of two floodplains with a mosaic of active erosion
cells, and some of the more stable landforms which border on them. We
wanted to determine whether there were predictable associations of species
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or functional groups of species with particular erosional surfaces, and
whether the impact of grazing cattle at nearby watering points could be
detected.

METHODS

Two floodplain systems were selected on Kunoth Paddock, a typical central
Australian paddock of 170 sq km, northwest of Alice Springs in the
Northern Territory. Of the five watering points in the paddock, two, both
dams, were located within the area studied (Figure 1).

While the mean annual rainfall is 263 mm and 70% falls in summer (October
to March) on average, variability is the norm. Over the period of this
study, there were four successive years without effective summer rain, and
several major rainfall events when a large proportion of the annual total
was received within a single month. One of these occurred in winter
(Table 1).

Table 1. Rainfall (nearest mm) during the experimental period; 1982 -6
figures are for Alice Springs, 1987 -8 figures are for Kunoth Paddock.
Major periods of rainfall are underlined and sampling times are indicated
by *1 to *9.

Year Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann

1982 5 185 49 4 - - 3 - 17 3 - 26 292
*1

1983 23 1 357 68 - 12 - 22 19 46 548
*2

1984 105 1 1 28 - - 25 6 29 32 4 58 289
*3

1985 - 17 26 1 1 17 1 3 - 31 22 3 122
*4

1986 13 - - - 8 81 144 13 - 37 78 20 394
*5 *6

1987 5 27 22 3 3 41 - - - 24 39 164
*7

1988 1 - - 191 15 - 11 6 - 5 35 38 302
*8

1989 *9

Vegetation

On each floodplain, vegetation was monitored over a series of parallel
transects which, combined, created a grid of points. The transects were
aligned along the drainage lines, and points were marked by steel posts
which were narrow enough to prevent major disturbance to flow patterns.
Points were located 0.5km apart along the transects and the transects were
separated by a distance of 0.25km. A total of 88 points were established
on "Kunoth ", the easterly floodplain, while there were 68 points on
"Greentree ", the westerly floodplain. Each point was identified with a
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Figure 1: Map of Kunoth Paddock showing plant community types, position
of grids and waterpoints. Plant community types are 1 = mulga shrubland,

perennial understorey; la = open shrubland; 2 = mulga shrubland, annual

understorey; 2a = mulga depression; 3 = calcareous shrubby woodland; 4

= open woodland; 5 = floodplain herbland /shrubland; 6 = riparian

grassland; 7 = gilgaied grassland; 8 = spinifex grassland. Outline of
Greentree grid to left hand side, Kunoth grid (L- shaped) to right hand

side. I = waterpoint.
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number. Due to areas of uniformity not all available points were used on
the Greentree transects.

Vegetation was recorded on nine occasions from 1982 to 1989 (Table 1),
following major rainfalls, and a photograph from a fixed position was
taken each time, incorporating both the marker post and a portion of the
landscape. The sampling unit was located in this portion, in an area
bound by the width of the field of view and extending approximately 200m
frontally.

All plant species at each point were assigned to one of four frequency
categories: Abundant, Common, Infrequent, or Rare. An Abundant species
was dense. In the herbage layer it covered most of the ground while the
canopies of an Abundant woody species either touched or almost touched.
Usually only one species was Abundant at any point. Common species
covered less area than the Abundant class, and several species could be
Common at once. Infrequent species occurred as scattered plants while
Rare species were represented by very few plants. A single observer
(D.J.N.) assigned the vegetation to the various categories for the entire
period, using photographs to ensure consistent classification between
points and sampling occasions.

Soils
The study area contains a bewildering variety of soil surfaces whose
origin has only recently been explained. Much of the floodplain is
covered by sand sheets which were probably laid down during two
"superfloods" occurring about 700 years ago and perhaps 1500 -2000 years
ago. These events were far larger than anything which has occurred since
European occupation (2) and left a discontinuous sand veneer over older,
heavily weathered deposits across much of the landscape. The sand sheets
are dissected by shallow channel systems which were created during the
superfloods and either partly filled with clay -rich deposits or cut into
the pre- existing surface. Some of these channels contain the modern
active floodplain and have recent sand deposits laid down by creeks
emanating from the Chewings Range. Others contain erosion cell mosaics in
which surficial material is being redistributed under current processes.
There are also ancient alluvial fan surfaces with red earths that remain
largely intact but there is some movement of a thin discontinuous surface
sand layer.

The complex erosional history of Kunoth Paddock has produced a number of
surface types which we have classified as follows. Firstly, there are the
intact and largely inactive superflood sand sheets (TI). The red earth
alluvial fan deposits (DM) are similarly intact and inactive.

Secondly, there are the eroding surfaces which may be stratified according
to the extent of soil loss. The initial stages of erosion involve loss of
topsoil (TE) or the sandy veneer which covers much of the study area. As

erosion progresses, the older clay material starts to be exposed (TS) and
when topsoil has been removed from 50% of the area, the subsoil -exposed
(SE) class is used.

Several types of deposition occur. In the initial stages, thin
discontinuous sandy bars are laid down, only to be disturbed or removed
entirely during the next large flood event. These mobile sandy deposits
(MS) may eventually stabilise, and where there is a progressive build -up
of sediment, the depositional class (DO) is used. Erosion cells may
expand or contract and new cells may develop. Others may only be active
during the larger flood events. This produces a set of composite surfaces
which include situations where an eroded area is now being covered by
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deposited material (DT) or an area of deposition is experiencing renewed
erosion (DE).

Data analysis
The major tools were multivariate analytical techniques within the PATN
package (Belbin 1987). Sites were classified using the Bray- Curtis
measure of dissimilarity while species were grouped using Two -Step (Austin
and Belbin 1982) which incorporates the Bray- Curtis metric. Sites were
ordinated with the multi -dimensional scaling program and compared with
extrinsic data such as soil surface type by two dimensional scatter plots.

The whole time series by species abundance data set was far too large to
be analysed in its entirety, and still be readily interpretable. Instead
the data were grouped in various ways in order to explore relationships
between soil surface types, long- and short -lived species, seasonal
variability and the impact of grazing cattle.

The initial separation was between long -lived tree and shrub species and
the shorter -lived herbage, on the assumption that the occurrence of »trees
and shrubs reflected past establishment events and conditions different
from those currently affecting the herbage. As well, the abundance of
woody species was unlikely to change much with the short -term seasonal
fluctuations of the study period, so the woody plant data were analysed
from just the final sampling. Initially, tree and shrub data from Kunoth
and Greentree floodplains were treated separately but the outcomes were
sufficiently similar for the data sets to be combined.

Herbage data from Kunoth and Greentree floodplains were not combined after
initial examination. The structure of the Kunoth floodplain was more
complex than Greentree, incorporating for example stranded islands of
inactive red earth alluvial fan deposits amongst very active erosional or
depositional surfaces, so that spatial and temporal processes were
different. Only the Greentree data analyses are reported here, due to
space limitations.

Prior to analysis, sites were classified according to their distance from
water and to an index of grazing and trampling (here entitled simply
"use ") developed by Pickup and Chewings (5). This index is derived from
Landsat MSS data and a cattle distribution model which relates animal
numbers to distance from water and plant community preference. Matrices
of either "distance" or "use" classes (untransformed or log transformed)
and soil surface types were inspected for relatively even distributions of
data classes, and subsets were chosen from them. For example, a class of
"use" on one of the floodplains might be selected because the sites in it
were distributed over most soil surface types. Conversely, a particular
soil surface category might be preferred because all "use" classes were
well represented in it. These subsets provided the data base for
numerical taxonomic analysis.

Once a subset of sites had been selected, data from all nine sampling
occasions were added sequentially to produce a time series. The size of
the sites by species abundance matrix thus created was excessive for the
available computing capacity, and was reduced by eliminating all species
that were rare or infrequent on all nine occasions or else occurred as an
isolated common record on one occasion only.
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RESULTS AND DISCUSSION

Woody species - what scrub grows where?

Two -way classification of sites produced groupings that could be equated
with broadly recognised plant community types (Table 2) on the basis of
their dominant species. Mulga shrubland has developed largely on old
stable surfaces (TI, DM) and a few progressively accumulating surfaces
(DO). These latter few are not anomalous, taking into account that, over
a period of centuries, DO surfaces evolve into TI surfaces if left largely
undisturbed, and the distinction between them can be blurred.

Table 2. Two -way classification of Kunoth and Greentree sites, according
to dominant woody species and type of soil surface. The number of sites
in each class is given. Species groups have been named according to
generally recognised plant community types; see Methods for explanation of
the soil surface types.

Plant community and Soil surface type
dominant species

Mulga shrubland
(Acacia aneura)

Open woodland 1
(Atalaya hemiglauca,

TI

11

14

TE

1

10

TS

1

SE DT

2

MS DE

1

DO

3

5

DM

5

Ventilago viminalis)

Open woodland 2 1 1 1 1
(Acacia tetragonaphylla,
Cassia nemophila)

Open woodland 3 1 2 1 1

(Cassia oligophylla)

Open woodland
/floodplain fringe 1 3 1

(Hakea leucoptera,
Eremophila duttonii)

Cottonbush flats 2 6 3 7 3 1 1 4
(Maireana aphylla)

Riparian 1 6
(Eucalyptus
camaldulensis)

Floodplain anomaly 1

Treeless 3 15 11 11 3 8 3

The different woodland groups occupy somewhat different positions in the
landscape, with Open woodland 1 occurring on some of the least disturbed
surfaces, (TI, TE) but not the red earths (DM). The dominant species
Atalaya hemiglauca (whitewood) and Ventilago viminalis (supplejack),
together with Acacia aneura (mulga), can live for periods exceeding a
century and might be expected to occupy the most stable sites. The other
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woodland groups are also on relatively stable surfaces and are
distinguished by species which prefer coarse sandy situations (Acacia
tetragonophylla (dead finish), Cassia nemophila (broombush)), margins of
red earths and skeletal soils (Cassia oligophylla) and better -watered
sandy floodplain fringes (Hakea leucoptera (needlebush), Eremophila
duttonii (a native fuchsia)). In other words, the species concerned are
very likely responding to subsurface features, and not just surface
conditions. The latter two species occupy potentially less stable sites
on the woodland margins, and the trend of the data towards more TE
surfaces within this group confirm this, although the sample is small.
The lifespan of all five species is of the order of decades to a century,
rather less than the Open woodland i species.

Maireana aphylla ( cottonbush) also has the potential to live for many
decades. It is tolerant of temporary water -logging and so prefers the
relatively inactive portions of the floodplain and heavy soils at depth.
The substantial mounds of windblown sandy material which collect around
cottonbush during drought indicate the plants' considerable age, yet the
variety of unstable surfaces, especially SE, associated with it appear at
odds with a long lifespan. The reason is that recent disturbances of
grazing and extreme rainfall events have destabilised the floodplain and
shifted activity back into the areas occupied by cottonbush. New erosion
gullies are eating back into formerly stable cottonbush flats and erosion
products are being deposited onto other flats downslope.

Recently active DO surfaces support fast -growing Eucalyptus camaldulensis
(river redgum) but the majority of these trees may not live long.
Establishment was rapid following several wet years in the mid -1970s and
the trees reached some 6 -7m in height by the late 1980s. With the cutting
of a new channel by floodwaters at that time, these riparian areas became
starved of water, resulting in wide -spread death of redgum.

The floodplain anomaly was an atypical site containing only Rhagodia
parabolica, an uncommon species of wetter areas, in keeping with the DO
surface.

Consistent with the overall trend of the foregoing, the treeless sites are
predominantly on unstable surfaces. Not surprisingly, fast -growing
herbage species are able to complete their life cycles in between
disturbances, whereas slow- growing woody species cannot. As the return
time of the disturbance increases, so can longer -lived woody vegetation
persist, until species with a lifespan of centuries can occupy both the
sand sheets deposited 700 years ago and the ancient alluvial fans.

Herbage species - the dynamics of pastures
When Greentree sites were classified into subsets according to distance
from waterpoints, six classes of "distance" produced the most even
distribution of sites within the greatest number of soil surface types.
Log transformation made no improvement. When the classification was based
on "use ", five classes were most effective but only if the data had been
log transformed.

Class 3 of both the "distance" and the log transformed "use"
classifications incorporated up to five sites in respectively five or six
categories of soil surface type. Ordination of the "use" subset produced
a much clearer separation between the various soil surface types than
could be obtained from the distance subset, and so just the former is
presented (Fig.2). Shifting herbage compositions on TI and TE surfaces
traced similar paths over time, when plotted on the first two MDS axes.
Exposure of subsoil (TS, SE) placed the compositional paths further to the
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right along the first axis. With new deposition over eroded surfaces
(DT), compositional paths were diametrically opposite TI and TE paths,
while DO paths spanned the scatter plot from the DT to the TI and TE
positions.

Several features are evident. Firstly, the ordination discriminates
between species responses on erosional and depositional surfaces (axes i
and 2 respectively). Secondly, the range of compositional paths from the
depositional to the stable type on DO surfaces is indicative of the
developmental gradient mentioned earlier between the two surface types.
Thirdly, erosion of topsoil (TE) in itself does not appear to have
influenced species composition. The critical point was where subsoil was

exposed VtS'), presumably changing both water and nutrient regimes and
disrupting plant establishment and growth. Finally, the composition on
individual sites shifted relatively little until the sixth sampling
occasion, which followed a major winter rainfall. Previously, there had
been effective summer rainfalls for three years (Table 1), then two years
without effective summer or winter rain, leading to dominance by summer-
growing species. The 1986 winter rain caused a marked shift in
composition which persisted through subsequent dry summers. A substantial
between -season rainfall in April 1988 did not have a major impact on that
trend. In other words, persistent changes in species composition were
brought about by differently timed rainfalls.

A two -way classification of sites and species within the time series data
set (not shown) did not clearly discriminate between the different soil
surface types, because of the interaction of surface type and season. The
exceptions were the depositional surfaces, DO and DT, dominated by
perennial grasses such as Astrebla pectinata (barley Mitchell grass),
Bothriochloa ewartiana, Dichanthium sericeum (Queensland bluegrass),
Digitaria coenicola (umbrella grass), Enteropogon ramosus (a curly
windmill grass), and Eulalia fulva (silky browntop).

Two -way classification of sites and species from the first sampling
occasion (not shown), representing a post- summer rainfall response,
discriminated between open woodlands and floodplains. Enneapogon
polyphyllus (oat grass) characterised the woodlands, while Sclerolaena
bicornis (goathead burr) typified the floodplains. Within the two
community types, classification identified several unique depositional
sites (DO, DT) and one TE site. The remainder of the floodplain sites
were split into a more eroded group (TS, SE), with Sclerolaena divaricata
present, and a less eroded group (TI, TE, TS) without it. Similarly, the
woodland sites were split into an eroded group (TE, TS), lacking Digitaria
coenicola and Indigofera linnaei, and a depositional to intact group (DO,
TI) which included them.

A similar analysis of the sixth occasion (not shown), after an effective
winter rain, produced an interesting contrast. Floodplains and woodlands
were distinguished on the presence or absence of Sclerolaena bicornis,
since short -lived summer- growing species had largely disappeared. Some of
the unique sites that were identified from the first occasion were no
longer distinct, and the surface types within the main floodplain and
woodland groups were mixed. Winter -growing species did not respond to
soil surface characteristics in the same way as did summer -growing
species, perhaps because surface soil moisture was less critical in cooler
weather.

When the Greentree sites were classified according to soil surface type,
the TE class contained sites representing all five "use" classes (log
tranformed). Ordination of the TE subset (Fig. 3) appeared to present
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clear evidence of distinctive species responses to high levels of
utilization (Classes 4 and 5) but closer examination of site locations
suggested that this was not the case. There were two dams which
influenced the use of the Greentree grid, one at its northern end and
another northeast of its southern end and about 2km distant. Nine of the

ten Class 4 and 5 sites were close to the northern dam. Naturally, the
dam was located downslope of the Chewings Range, so that the sites near
the dam were at one end of an environmental catena. Self- mulching clays

which form gilgais prevailed close to the dam, while sandier soils in
floodplain, woodland and foothill communities occurred further back
towards the hills. As a consequence, the gradient of utilization was
confounded with environmental gradients.

In conclusion, we can say that predictable associations exist between
erosional surfaces and the species which grow on them. At the broader
scale, the most stable surfaces, the intact superflood sand sheets and the
ancient alluvial fan surfaces, support the longest -lived trees and shrubs.
Successively less stable surfaces have increasingly short -lived trees or
shrubs, until the currently active floodplains have none at all. Ot the

herbage species, some are characteristically part of the floodplain flora
(e.g. Sclerolaena bicornis) while some are a part of the sand sheet flora
(e.g. Enneapogon polyphyllus), but they are also strongly season- dependent
because they are short -lived. At a finer scale, different herbage species
are associated with different erosional surface types on ancient and
modern soils. Various long -lived perennial grasses dominate well -watered
depositional surfaces on both the old sand sheets and the recently active
floodplains, while Sclerolaena divaricata occupies the degraded
floodplains. Post -winter measurement is less successful than post - summer
measurement at detecting these associations. A noteworthy feature of the
pasture layer is the shift in composition which follows major rainfalls
and which persists for several years, irrespective of soil surface type.

The impact of grazing cattle could not be detected, despite the fact that
grazing patterns in the same area could be identified with Landsat imagery
(5). There are several causes. Firstly, an environmental gradient was
confounded with the grazing gradient. This is likely to be the case
wherever a dam is located, since it must be downslope of a catchment.
Secondly, there were insufficient sites to stratify according to soil
surface type and environmental position and to represent utilization
levels adequately as well, despite having 68 sites available. Thirdly,
the use of four abundance ratings for plant species, over a relatively
limited area per site was probably an inadequate procedure for such a
diverse and active landscape. Other ground -based techniques are available
that should be more sensitive to the impact of cattle (6), provided the
landscape is adequately stratified.
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THE PASTORAL INDUSTRY TODAY

The pastoral industry was established in the early years of
European settlement. It was pushed back into the semi arid
areas of the continent as the better watered areas were
developed for cropping or mixed crop /livestock farming.

The current size of the industry is reflected in Table i which
is obtained from the most recent survey of the Australian
grazing industry by the Australian Bureau of Agricultural and
Resource Economics (ABARE). The statistics show a total cash
return for the pastoral section of 1.29 billion dollars. They
divide this return between States in the following way:

Table 1.

Millions

Queensland 661
New South Wales 260
South Australia 120
Western Australia 154
Northern Territory 96

The survey also shows a total level of investment of
$6.3 billion of which $4.0 billion is in land and fixed
improvements.

There are approximately 4,000 pastoral properties in Australia
with probably 30,000 people directly dependent on the
industry. However, with the development of extensive
Government administrative involvement in non pastoral
activities, and the growth of tourism there are very few towns
which are dependent on the industry for their survival.
Nevertheless it continues to be an important part of the
economy in much of the drier areas of Australia.

The arid or semi -arid areas occupy 70% of the Australian
continent. About two thirds of this area is used for grazing
and it carries 20 -25% of the cattle and 10 -15% of the sheep in
Australia.
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The vegetation of these areas occurred in stable but fragile
ecosystems at the time of European settlement. The soils of
the semi -arid and arid zones vary across the spectrum of low
fertility sands; sandy loams or loams over clay, loam clay
subsoils, to deep fertile, often selfmulching loams and clay
loams. Unfortunately the predominant soils are of poorer
quality and susceptible to degradation.

It was into this unknown environment that the grazing industry
was pushed, or ventured. There were no useful rainfall
records. They are still very rudimentary for such a variable
climate. There was no knowledge of how to manage the shrub and
grassland pastures. As a result there was extensive over
grazing and degradation of the land and vegetation resources.

The magnitude of the soil and vegetation degradation problem of
the industry is reflected in Table 2. Table 2 is produced from
the report on "A Basis for Soil Conservation Policy in
Australia" published in 1978 but reflecting 1975 assessments.
In a 1989 report "Land Conservation in Australia - a 200 year
Stocktake", the authors express the view that this data will
still be largely accurate. The figures on costs have been
scaled up to 1990 dollar values according to the index of
prices paid by farmers.

These reviews summarize the degradation in the following way:

o 45% of the 3.3m square kilometres used for pastoral
activity required no treatment;

° 28% was affected by vegetation degradation but little
erosion;

o 14% by vegetation degradation and some erosion;

8.5% by vegetation degradation and substantial erosion;

o and 4.5% by vegetation degradation and severe erosion.

This damage can be compared with other land uses in higher
rainfall areas. In the area used for intensive cropping in
Australia 63% required treatment, and that used for extensive
cropping 68% required treatment.

The major difference between the semi arid and wetter more
intensive areas is the vast areas involved in the semi -arid
regions, the low productivity of those areas and the extent to
which productivity has been reduced since settlement. In the
cultivated areas the areas are smaller, productivity is much
higher and has been dramatically increased since settlement
despite problems of loss of soil structure, developing acidity,
dry land salinity and wind and water erosion.

The total area affected in the pastoral areas by some
degradation of the vegetation is 1819 thousand square
kilometres or 23% of the continent. Nine hundred thousand
square kilometres or 11.6% of the continent is affected by both
vegetation degradation and some soil erosion and 432 square
kilometres or 5.6% by vegetation degradation and substantial or
severe soil erosion.
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This high level of loss raises the issue of sustainability and
even of desertification. Total degradation of rangeland can be
seen in the Middle East. Management must now be directed to
stabilizing or reversing the current situation before it
reaches a comparable state.

THE IMPACT OF PASTORAL LAND DEGRADATION

Degradation of pastoral resources may be viewed in two ways.
There are the losses of production and income due to pastoral
decline affecting principally those who derive their income
from the industry and secondly the losses reflected in the
decline of the natural pasture resource which have to be borne
by all Australians and particularly by those not yet born.

FALL IN PRODUCTIVITY SINCE SETTLEMENT

There is some statistical, some research and much anecdotal
evidence relating to the reduction in productivity since
settlement.

In Western Australia the Central and Pilbara pastoral districts
carried 4.37 million sheep and 109,000 cattle in 1930. These
stock numbers fell dramatically following the 1930 -34 drought
and the land has never been capable of carrying those stocking
rates since, despite improvements in the infrastructure.
Estimates made during capability /land degradation surveys by
the Department of Agriculture of stock currently carried
compared to the carrying capacity of the areas in a
non- degraded condition indicates that the current carrying
capacity for:

0

o

the West Kimberleys is only 47% of the non -degraded
condition;

the Ashburton Catchment is only 69% of the non -degraded
condition;

the Gascoyne Basin is only 74% of the non -degraded
condition.

These estimates were not constrained by consideration of
infrastructure but represent the residual carrying capacity.

Similar evidence is available from western New South Wales. In
the Western Division stock numbers peaked at 15.5m sheep
equivalents in 1887 before plummeting to 5 million in 1902.
The NSW Soil Conservation Service estimates that the area would
now carry about 8 million on a sustainable basis.

Lack of data prevents an assessment being made of the losses of
production in dollar terms. It is reasonable, however, to
assume that productivity losses are of the order of one billion
dollars annually.
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CHANGE IN PASTURE SPECIES

The fall in carrying capacity can be linked to the decline in
the quality of the pastoral resource in which desirable
perennial species have been replaced by annuals or by the
invasion by less desirable woody weeds. The evidence was
reported quite early in the history of settlement. In 1901 the
Royal Commission of Enquiry in the Western District of NSW was
advised by the Stock Inspector from Cobar that prior to
stocking the country was covered with a heavy growth of natural
grasses, the soil was soft, spongy and very absorbent and
growth came quickly after even limited rain, but that in 1891
despite heavy rain there was no growth. This was probably the
combined effect of loss of species, soil compaction and grazing
pressure.

An important change in the cracking clays of the Riverine Plain
in NSW is the loss of perennial saltbush Atriplex vesicaria.
This is an important example of the more general problem of
replacement of the shrubs and perennial grasses with annual
Stipa and Aristida species.

The extensive invasions of pastures with woody weeds in Western
NSW and Queensland is a product of poor and changed
management. Losses of productivity of up to 20% have occurred
because of this. These invasions are by native and exotic
inedible shrubs and the potential extent and degree of shrub
invasion on sandy soils is described as alarming.

This same trend has occurred across the whole pastoral zone
with perennials being replaced by annuals or by worthless woody
weeds, aggravating the already difficult climatic conditions
and making the pastoral enterprise much more prone to drought,
and more difficult to manage.

It is questionable whether a viable pastoral industry not
dependent on periodic Government assistance can continue in
areas where perennials have been lost and cannot be
regenerated. Annuals are just unsuited to providing continued
feed supplies in areas where drought is a feature of the
environment.

THE CAUSES OF DECLINE

In the fragile ecosystem of the pastoral areas soil and
vegetation will always be under pressure from grazing by both
domestic and native animals wherever the basic structural
conditions are changed.

With settlement the integrity of the resources was disturbed in
a number of ways, each quite markedly different, having
significant individual effects and substantial effects in
combination. The introduction of permanent water supplies has
been the major structural environmental change imposed on the
semi arid areas. This has allowed both grazing stock (which
were the other major changes to be introduced) and native
animals to stay in the area even after drought has set in.
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Under natural conditions grazing animals would have fled in the
face of developing drought or would have perished, so reducing
the impact of climatic variation.

It is important to emphasize that in the early days of
settlement ignorance of both the climate and how to manage the
pastures explained much of the pastoral decline. Those reasons
for imposing damaging pressure on the systems are no longer
valid.

Other major problems were caused by errors of human judgement.
Two examples are:

0 the introduction of rabbits and their development into
plague proportions; causing immense damage in many semi
arid areas;

Government decisions that closer settlement was
necessary, resulting in the cutting up of big runs to
give ownership to more settlers;
in doing this the administrators did not realize they P
were committing many people to penuary and the land to
progressive degradation as owners tried to increase
income through increased stock numbers, often with
disastrous financial results and always with heavy costs
of soil and vegetation degradation.

At the less visible level Governments through their management
of the micro and macro economy impose costs on export
industries which cause increased economic pressure and so
degradation on a fragile environment.

Poorly developed infrastructure has also been a continuing
problem in the industry. Concentration at water holes was
discussed earlier in the conference. Failure or inability to
develop sufficient infrastructure clearly has had long term
implications across the industry.

DEGRADATION IN COMPARISON TO OTHER AREAS

It is instructive to compare the land degradation in the
pastoral areas with other areas because degradation of the land
and vegetation has not been unique to the pastoral areas. One
of the better researched areas has been the Murray- Darling
Basin. Covering an area of more than 1 million square
kilometres (one seventh of Australia), it occupies 83% of
New South Wales, 17% of Queensland, 50% of Victoria and 7% of
South Australia. It produces about 35% of Austalia's
agricultural and pastoral production. Production from the
Basin was valued at around $lob of natural resource products in
1987/88, or about eight times more than the total pastoral
industry.

A study in the Basin estimated that the losses in crop
production due to land degradation was $215m annually in
1986/87. The major components were: soil structure decline
$145m, shallow watertables caused by irrigation $39m and soil
acidity $28m. Water and wind erosion although affecting large
areas and being irreversible were estimated to only reduce
production by pm.
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The total effect of losses through shallow watertables and
salinity of the water supplies amounts to $100m to agriculture
and rural and urban water users, a cost estimated to rise to
$150m annually by the year 2015.

A large part of the land degradation of the Basin is however
reversible through management. The limitation will be cost in
the case of drainage of waterlogged areas or the need to lime
some of the areas affected by acidity.

Rangelands in contrast are not favoured by the comparatively
equitable rainfall patterns of the Basin. It will be much more
difficult to reverse the damage where vegetation is badly
degraded and soil damaged. This will be particularly so on
areas which are scalded or the surface soil has been washed or
blown away. One paper suggests a cost of $45 -55 per hectare
for works on a scalded area. It is difficult to conceive the
feasibility of this approach for individual leaseholders where
the gross return is generally less than $5 per hectare.
Equally, areas which are dominated by unpalatable shrubs may
prove impossible to regenerate. Individual decisions will have
to be made on each case.

If it is assumed that cultural treatments or other costly
treatments (in the pastoral sense) approaches to land
reclamation are not economically feasible the question is what
alternative methods are available to pastoralists.

It is unlikely that Government assistance in terms of grants or
financial support will have a significant impact on the
pastoral reclamation costs. Out of a total National Soil
Conservation Program (NSCP) budget over 10 years of $350
million it is reasonable to assume that perhaps 10% may be
allocated to pastoral rehabilitation. Table 2 shows that there
is a need to spend $250 million. A shortfall of at least $200
million remains. Pastoralists do not generally have this
amount of surplus to devote to land reclamation.

The 12.9% of pastoral area which is affected by substantial or
severe erosion, together with vegetation degradation amounts to
432 000 square kms or 43.2 million hectares. This is
approximately 2.5 times the total areas sown to industrial
crops, grains and oilseeds in 1988/89 in Australia. It is
inconceivable that the pastoral industry with total cash
receipts of $1.29 billion can address, or should consider
addressing such a massive problem. This does not mean that
none of these areas warrant attention. That is for the
individual. It does, however, indicate that research and
investigation should focus on management to maintain or
regenerate existing areas where erosion and massive soil loss
is not a severe problem.

The important thing in the rangeland will be to preserve and by
careful management improve the remaining productivity of the
leases. Through careful management it is possible to replace
money with time. This will require careful planning and
continued professional advice.
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If progress is to be made it must be on the basis of individual
pastoralists accepting conservative management of their leases
as a must and not an option. This requires the long term
annual and daily program to be planned with tomorrow, next
month, next year and beyond clearly in focus. This will also
mean being sensitive to the opportunatives provided by unusual
climatic conditions; taking advantage for instance of
unexpected or unusual weather conditions to protect areas where
desirable perennial species have germinated and being prepared
to protect those seedlings until they can establish and
survive. A pastoralist can only afford to seed especially
valuable or small areas of land and grasping such unique
opportunities will be essential.

Prolonged drought will always remain a threat to careful
management. Possibly Government should be encouraged to assist
in transporting stock in and out of pastoral areas at
concessional rates where a pastoralist who is managing in
accordance with an approved plan is hit by a drought which will
put the program at risk at a time when he cannot otherwise
afford to move his stock.

OTHER PRESSURES ON THE PASTORAL AREA

To date the general community has not turned its attention to
the rangeland areas. It is not aware of the extensive
degradation. It is doubtful if the untrained observer could
identify degraded from undegraded land in either a good year or
a drought except in severe cases. The media could however,
always focus that attention.

So far community attitudes have been supportive of landcare and
like programs. There has been a massive shift in attitude over
the past decade. While currently supportive it would be
difficult to manage a community asking for explanations for the
large areas of degradation or for evidence that the trend has
been halted.

The committed pastoralist who can explain to the public his
long term program and show them the results will be the best
advertisement for the industry and will be acting in his own
best interests.

THE ROLE OF LEGISLATION

Legislation has always been available to control pastoralists'
activities. Historically the Western Australian legislation
was effective for requiring development and to control any
clearing. It failed, however, to control management because
the penalties were so draconian that they were politically
unenforceable.

Implementation of even a reasonable level of infrastructure
development was often affected by political considerations.

I am advised that new South Australian legislation will aim to
require pastoralists to participate in monitoring of range
condition as a requirement for continuation of their
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leasehold. While this is good it would be better to require
approved management plans coupled to monitoring and evidence
that the plan is being implemented. Penalties could be
provided, preferably as variable fines or increased rents.
Threat of termination of the lease has not been effective
historically. Legislation and regulation should, however, be
seen as a last resort, not as a preferred course of action.

THE ROLE OF COMMUNITY GROUPS

In the agricultural areas of Australia there has been a great
emphasis on the community farming groups to manage natural
resources on a catchment or district basis. With smallish
property sizes this is essential if the whole catchment is to
be treated as a single unit. These groups are known as Land
Care groups under the National Program. The same approach is
the centre of the Murray Darling Basin Natural Resource
Management Strategy. In that case the groups are called
Communities of Common Concern (CCCs) and are expected to
address all natural resource management issues within their
area of interest.

The thrust of these groups is to achieve commitment through
involvement in identifying the issues, in planning the solution
and implementing that solution. In the major planning programs
to manage degradation issues in Northern Victoria the senior
coordinating committee has direct access to a Cabinet Sub
Committee with the subordinate groups reporting to the senior
coordinating committee. Government agencies service the
committees and respond to their requests for information or
research. In brief, the community group is in control and the
agencies respond through servicing that group. The smaller
committees operate in the same way in principle, but are not
quite so high profile nor do they have the same ready access at
semi political level.

The question is how does this process relate to the pastoral
industry and management of rangelands. The process achieves an
understanding of the issues, agreement on the nature of the
problems, agreement on the approach and plans for management.
In addition it provides both a focus for peer pressure and an
opportunity for the group to fund the employment of a
professional adviser or facilitator. In the longer term a
strong group can also support the use of legislation where an
unco- operative land user is threatening an otherwise successful
program.

Another option would be to decide that the areas in Western
Australia at least are big enough to be appropriately managed
by the individual pastoralists. I doubt however, if this would
be successful. To be successful regeneration has to address a
complex of issues over a long term. While the "catchment"
component is not so important as in more humid areas it will be
important to feel part of a group and so obtain the
psychological support, the information flow, the opportunity to
share successes and to discuss failure which is provided
through being part of an overall group planning process.
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Land Care Committees have been established in the pastoral
areas of Western Australia. They have as yet accepted no
specific functions /or responsibility for landcare. They
provide an existing structure able to assume such resposibility
by their own initiative or under the influence of wider public
pressure. In that way they can draw on or accept some of the
responsibilities of diminishing Government regulatory services
as Governments could never carry through the task on their own
anyway.

CONCLUDING REMARKS

Historically it would have been hard to imagine Australia
without a pastoral industry, even though it is not a major part
of the economy today. It is however, relatively important in
relation to its size as an export earner.

The future will depend heavily on its capacity to achieve
sufficient productivity to remain viable at the same time as
managing the native pastures in a sustainable and productive
manner. There is almost certainly areas where the country is
less productive naturally, pastures have been degraded and it
is not possible to retain the necessary productive capacity
which will result in either amalgamations or withdrawal of land
from production. Nevertheless the heart of the industry should
be retained.

Effort however, must be focussed on achieving the best results
from available resources. Enterprise margins and funds
available for discretionary expenditure on regeneration or
repair of degraded areas are not great.

The question may be posed whether the Government will subsidize
this type of work. I would not expect his to happen. There
will be high value and special purpose areas such as the Ord
River Catchment where the Government decides there is a special
case to regenerate. But in most areas I do not believe the
Government will assist in regenerating pastoral areas.

In a highly competitive situation for resources those resources
are going to be attracted to more productive areas - the
Murray -Darling Basin irrigation areas; the wheatbelt of
Western Australia, New South Wales and South Australia,
Victoria or Queensland. Even in an area like the Murray
irrigation areas, funds will flow preferentially to the most
productive less saline catchments and subcatchments.

I have said earlier that sound management is the only way to
go, using a long recovery time as a replacement for heavy up
front expenditure on rehabilitation works.

In addition the regeneration of many areas, particularly in
Eastern Australia will require considerable restructuring.
Property sizes are just too small as a result of previous
closer settlement policies. This will be costly and disruptive
but unless it is done, excessive grazing pressure will be
maintained on the pastoral areas ensuring further degradation
of the base resource.
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ABSTRACT

The issue addressed in this paper is the appropriate source of funding for
rangeland rehabilitation. From an economic rationalist point of view, two
questions are pertinent to this policy issue. Is it profitable for private
managers of pastoral properties to rehabilitate rangeland? If not, then on
what grounds might it be in the public interest to do so?

Evidence is presented that it is profitable to rehabilitate slight to
moderately degraded range, but unprofitable to rehabilitate severely degraded
range. The relevance of various market failure arguments to the case for
public funding of rangeland rehabilitation is then discussed.

INTRODUCTION

The issue which I have been asked to address in this paper, namely the
appropriate source of funding for rangeland rehabilitation, rather begs the
answers to a prior pair of questions. Specifically, should degraded rangeland
be rehabilitated, and if so can it be safely left to the self- interest of
managers of pastoral properties to do so?

I intend to spend much of this paper addressing these two primary issues
before turning to the issue of funding per se. At the outset though, let me
make it clear that there is little which is original in the ideas which I am
going to discuss below. Most of the arguments and counter -arguments have been
made before by, inter alia, Chisholm (1), and MacLeod and Johnston (2).

In preparing this paper, I have started from the untested assumption that the
majority of the audience believes that all degraded rangelands should be
rehabilitated, and furthermore that if the only way to bring about this
desired outcome is to fund it publicly, then a prima facie case exists for
public funding.

Many of the hard -nosed economic mandarins in Canberra who ultimately control
the purse strings, and so determine whether or not there will be any
contribution for rangeland regeneration from the public purse, start from a
different premise. While they are familiar with the conservation arguments,
many are so- called economic rationalists who need a different set of arguments
to be convinced that they should recommend to their political masters that
public funds be used for this purpose. As someone who is versed in the logic
of the economic rationalists, but who also recognises that environmental
amenities make a key contribution to human welfare, I have decided that the
most useful contribution I can make is to structure this paper to highlight
the types of questions which need to be answered if more public funding is to
be made available for rangeland rehabilitation.

A CONCEPTUAL FRAMEWORK

In order to address the question of whether degraded rangeland should, or
should not be rehabilitated, I first want to refer to some results from the
literature on fisheries economics. It might seem more than a little bizarre to
compare the watery environment of the fishery with arid rangeland, but from an
analytical point of view they are equivalent in at least one sense.
Specifically, both are renewable resources. Moreover, at an analytical level,
there is a formal equivalence between the size of the fish stock on the one
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hand and range condition on the other, and between the level of harvest frame
fishery and the level of production from grazing animals on rangeland. In both
cases, multiple levels of sustainable production are conceptually possible.

First note that the net reproductive capacity of a biological population will
be a function of stock size because the intrinsic growth rate of the
population is increasingly offset by "natural" mortality due to limited
environmental carrying capacity. Moreover, since a condition for
sustainability is equality between the amount of the stock harvested by man,
and net reproductive capacity, this relationship can be treated as equivalent
to the relationship between sustainable production and size of the resource
stock.

In general terms,, this relationship will take the form depicted in Figure 1.
This extremely simple conceptual model of the stock dynamics of a renewable
resource can be used to discuss the basic issues involved in rehabilitation of
degraded rangeland.

Note in particular that the climax level of the resource stock, Xm, is
associated with zero sustainable yield. Consequently any exploitation of the
resource stock for human betterment involves some diminution of this climax
stock level. In a sense then, any exploitation by man could be regarded as
causing degradation insofar as stock size is reduced below its upper bound
level. However, defining degradation as a reduction in level below the
socially optimal level of exploitation is more consistent with the perspective
of an economic rationalist, and so will be used in this paper.

Also note that sustainable yield reaches a maximum at some lower level of the
resource stock, Xb, and that attempts to further exploit the resource beyond
this point of maximum sustainable yield will degrade the resource stock to the'.
point, X,, below which total depletion of the resource stock becomes
inevitable.

In order to talk about rangeland degradation within this framework, we first
need to identify the optimal level of utilisation of the range, which also
will be defined in terms of the size of the resource stock, X. Note that this
optimal stock size, X *, can lie anywhere within the range from Xm to

In fact, if harvesting costs are zero, it is conceivable that the optimal size
of a renewable resource stock is zero. In other words, the optimal strategy is
to totally deplete the resource stock. As an example, results from bio-
economic analysis of fisheries have demonstrated that total stock depletion is
optimal when the discount rate is sufficiently high and /or when the intrinsic
growth rate of the renewable resource is sufficiently low.

An extreme case in point is a mineral ore body, which could be treated as a
renewable resource that just happens to have an intrinsic growth rate equal to

zero. Clearly, if the mineral resource is worth exploiting at all, then it is
worth exploiting it to the point of exhaustion as long as it is costless to
dig it up. For a renewable resource with a positive intrinsic growth rate, the
analytics are more complicated, but the end result is essentially the same.

For grazed rangelands, X* probably is fairly close to Xb, but it might lie
either to the left or to the right of Xb. Once X* has been identified,
rangeland degradation can be defined as a reduction in the level of the stock
of range condition below this optimal level. Furthermore, it will be
convenient to classify degraded range as being either moderately degraded
(i.e. X, <X <X *), or severely degraded (i.e. X <X, <X *).

An interesting issue is whether the critical stock level, X,, is greater than

zero or not. If it is greater than zero, and if the rangeland is degraded to
the point where range condition is less than X,, then zero grazing pressure
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will be necessary but not sufficient for rehabilitation of the degraded range.
In addition, some form of restorative process, such as water -ponding, re-
seeding, or similar techniques will be necessary if rehabilitation is to be
successful.

If the range is only moderately degraded, in the sense that range condition,
or resource stock level, X, is greater than Xc, then it will be feasible to
rehabilitate the range simply by reducing grazing pressure such that realised
yield is less than sustainable level of yield at that particular stock level.

Clearly then, in order to delineate the extent of rangeland degradation, it is
first necessary to identify the level of optimal range condition. For reasons
to be discussed below, the optimal degree of exploitation of rangeland from
the private prospective of a pastoral property manager concerned solely with
maximising profits may well differ from that derived from a broader social
perspective involving optimal utilisation of the range in the public interest.
However, the mere fact that rangeland is degraded does not necessarily mean
that it will be either profitable or socially desirable to rehabilitate it.
Indeed, the fact that the need for public funding is such a topical issue
suggests that many managers find it unprofitable to attempt to rehabilitate
degraded range.

DEGRADATION VERSUS REHABILITATION

In many respects, the costs and benefits of rehabilitating degraded rangeland
are the mirror image of the benefits and costs of conservative rangeland
management to avoid degradation in the first place. However, there are some
obvious differences. Consequently, proof that degradation is unprofitable
and /or contrary to the public interest is necessary, but not sufficient to
establish that degraded rangeland should be rehabilitated.

The most obvious difference is that some forms of degradation are to greater
or lesser degree, "irreversible ". For instance, if the seed bank for desirable
rangeland plants is exhausted, then the range will not naturally regenerate
even if it is totally destocked unless additional re- seeding costs are
incurred. Other forms of degradation, such as severe soil erosion, are even
more "irreversible ", as the costs of rehabilitation are in almost all cases
prohibitive.

More striking still as an issue is the oft claimed conservation benefit of
genetic diversity. Degradation which diminishes diversity is one of the most
clear -cut examples of an "irreversible" change, as there is no good reason to
suppose that any feasible form of rehabilitation short of radiation treatment
will somehow restore genetic diversity in any meaningful way.

A related distinction is between the time profile of the degradation process
and that of the rehabilitation process. Both are subject to extreme stochastic
influences, which makes it very difficult to be precise about the degree of
such differences. As Chisholm (3) notes "All human land usage affects the
state of the land and its impact is critically influenced by nature's wheel of

fortune which brings great variations in rainfall, wind, and temperature
patterns. Much land degradation takes place during periods of extreme climate
conditions such as prolonged droughts, severe flooding and so forth."

If regeneration is profitable, a subsidiary issue is the optimal time path to
restoration of range condition. Subject to certain simplifying assumptions,
results from the literature on fishery economics suggest that total de-
stocking until range condition is fully restored to the long-term optimal
level should be implemented. However, in a non -linear world where it is not
costless to adjust stocking rates and other management instruments, a more
complex strategy which is conditional on both range condition and recent
climatic events is much more likely to be optimal. Results from a study
described below support this proposition.
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PRIVATE PROFITABILITY OF RANGELAND REHABILITATION

There seems little doubt that much of the existing degradation of rangeland
was due to ignorance of the managers about the long -term consequences of over-
stocking. Most managers now take care to avoid over -stocking range that is
still in good condition, so casual empiricism suggests that range which is in
poorer condition is degraded in the sense defined above. This conclusion is
supported by the findings of a limited number of empirical studies which have
attempted to estimate the economic returns from rehabilitation. These studies
range from fairly straight forward budgeting exercises such as those by Penman
(4) through to more advanced analyses employing sophisticated techniques such
as dynamic programming (Kennedy (5)) or optimal control theory (Karp and Pope
(6); Williams (7)).

More recently, the University of Western Australia and the Western Australian
Department of Agriculture have jointly conducted an in -depth study of the
economics of rangeland rehabilitation in the arid winter rainfall pastoral
zone of Western Australia. A brief outline of the approach we employed, and
one or two of the key findings obtained from this study, follows. Because of
the ecological diversity of this very large region, the results obtained
should not be regarded as quantitatively accurate for all parts of the region,
but I believe that they are indicative of the qualitative importance of the
various determinants of profitability of rangeland rehabilitation.

Collectively, a number of features of this study set it apart from previous
attempts to analyse the economics of rangeland rehabilitation in Australia.
The first and most important is the integration of detailed modelling of the
biology of the rangeland ecosystem with sophisticated quantitative economic
analysis. Next, and almost as important, the design of the study was driven by
the perception that the two key features pivotal to the economics of rangeland
rehabilitation are, on the one hand the extremely stochastic or variable
nature of the climate which determines the success or otherwise of
rehabilitation strategies, and on the other the very long time lags involved
in the relationship between range condition (stock level) and sustainable
production.

While there are relatively few viable techniques available to rehabilitate
degraded rangeland, the fact that they can be employed in various permutations
and combinations over time and space means that there are an almost limitless
number of alternative possible rehabilitation strategies. In principle, all
should be evaluated simultaneously. Unfortunately, to evaluate all, or even
most of these strategies in a comprehensive and systematic manner, it is
necessary to resort to sophisticated and complicated mathematical procedures
if results are to be obtained significantly sooner than would be possible by
conducting field trials.

However, no amount of sophisticated analytical methodology can compensate for
factual information. Consequently, a detailed simulation model of the
rangeland ecosystem based on the best available scientific information was
used to generate transition probabilities characterising the likelihood, ex
ante, that any defined rehabilitation strategy would bring about a change in
range condition from one period to the next. These probabilities were then
used as input to an optimal control algorithm to identify optimal strategies
for rangeland rehabilitation.

The simulation model of the rangeland ecosystem, termed IMAGES, which was
developed as part of the study, is documented in a paper by Hacker et. al.
(8). Some appreciation of its overall characteristics can be gained from
Figure 2. As this simulation model specified the characteristics of the
rangeland ecosystem in much more detail than could be incorporated into the
optimal control framework, considerable simplification along the lines
described by Hacker et. al. (9) was necessary to obtain empirical results.
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Figure 2: Conceptual Model of a RangelandGrazing System
at the Whole- property Level
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Selected results from the economic analysis of rangeland rehabilitation using
stochastic optimal control theory are reported in Wang and Lindner (10). The
key feature of these results is the finding that while it is profitable, at a
real discount rate of six per cent, to rehabilitate lightly to moderately
degraded range as defined above, it is generally unprofitable to resort to re-
seeding in an attempt to rehabilitate severely degraded rangeland which will
not, or is most unlikely to regenerate solely in response to total or partial
de- stocking.

In other words, if the range is already severely degraded, then the most
profitable course of action is to opportunistically graze the land whenever it
manages to produce any forage. The model predicts that the inevitable outcome
of pursuing such a strategy will be to totally degrade the range.

At the other extreme, range which is either in good condition, or only lightly
degraded, can be exploited on a sustainable basis by matching the stocking
rate to the feed availability. This grazing management strategy will preserve
the range in good condition in perpetuity.

Finally, for range which is moderately to heavily degraded, the model suggests
that there might be some value in de- stocking during seasons when there are
good prospects for seedlings to become established, but that otherwise the
range should be exploited in a similar manner to that for severely degraded
range. The most likely outcome of pursuing such a strategy will be to maintain
the range in severely degraded condition, but with some remnant perennial
vegetation.

Like all analyses of this type, the results depend critically on the
assumptions made. The findings outlined above were derived on the assumption
that de- stocking and re- seeding were the only rehabilitation methods
available, and ignored the possibility of some form of land reclamation. Under
these conditions, re- seeding is a very risky procedure as the prospect of
seedlings germinating and surviving to become established perennials depends
critically on seasonal conditions and on grazing pressure in the following
two years. Even so, the result that a strategy of re- seeding severely degraded
rangeland only when the outlook was favourable would still not be profitable
is surprising. The sensitivity of this result to the two key assumptions of a
real discount rate of six per cent, and an annual cost of $16 per hectare for
re- seeding if and when it is profitable to do so, is discussed below.

A related assumption was that any benefits from re- seeding, as measured by
increased potential for rangeland regeneration, were restricted to the year in
which the cost of re- seeding was incurred. This was assumed on the ground that
any seed which did not germinate would be eaten or lost before the subsequent
period. By contrast, other rehabilitation techniques involving land
reclamation such as water -ponding, the object of which is to increase
retention of both seeds and soil moisture, are much more long -lived. The
analysis was re -run for the case where water -ponding was possible and assumed
to persist indefinitely.

The results are substantially the same as those described above except that
water -ponding in association with de- stocking was found to be profitable for
most classes of severely degraded range. The model predicted that in these
cases, there was a high likelihood of range condition eventually being
restored to moderate to good condition so long as optimal grazing management
strategies are followed. However, water- ponding was not profitable for very
severely degraded range, and even where it was profitable, there was a small
probability that the range would continue to regress to a totally degraded
state, and a quite high probability that final range condition would still
involve a moderate degree of degradation.
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To sum up, these results suggest that no public funding is necessary to ensure
rehabilitation of lightly to moderately degraded rangeland, but that the
converse may be the case for moderately to severely degraded rangeland.
Whether public funding for these cases can be economically justified or not,
and if so on what grounds, is discussed in the following and final section of
this paper.

MARKET FAILURE

Economic rationalists accept that decision -making based on the aim of
maximising private profits need not lead to outcomes which are in the public
interest. The accepted reasons for a possible divergence between privately
optimal and socially (publicly) optimal choices in the case of land
degradation and range rehabilitation have been discussed at some length by,
inter alia, Quiggin (11), Kirby and Blyth (12), Chisholm (13), and MacLeod and
Johnston (14).

As Kirby and Blyth (15) point out, to provide an economic justification for
government intervention, it is necessary to first demonstrate market failure
(i.e. where private decisions result in an inefficient allocation of community
resources), and the second requirement is that the benefits of any proposed
government intervention can be shown to exceed the costs. In other words,
demonstration of the existence of market failure is a necessary condition for
government intervention, but the sufficient condition is that the benefits of
intervention exceed the costs of doing so. It is outside the scope of this
paper to discuss the various possible forms of government intervention, so I
will restrict my remaining remarks to the possibility of market failure in the
context of rangeland rehabilitation.

To convince a body such as the Industries Commission that the potential exists
for market failure in the funding of rangeland rehabilitation, one or more of
the following arguments needs to be sustained:

(i) private decision -makers have imperfect knowledge.

(ii) managers of pastoral properties have incomplete property rights in the
rangeland.

(iii) the social discount rate is less than the private cost of funds.

(iv) there are off -site benefits arising from rangeland rehabilitation.

There seems to be little doubt that a lack of understanding of the long-term
consequences or over -stocking was one of the main causes of rangeland
degradation in the past. However, modern managers have had the benefit of a
substantial body of publicly funded research, and should not be unaware of the
potential benefits of rangeland rehabilitation. Moreover, even if it could be
plausibly argued that imperfect knowledge was still a problem, the first best
remedial action would be to make more information available rather than to
publicly fund rangeland rehabilitation, per se.

Market failure also can arise if the private manager is fully aware that the
benefits of rangeland rehabilitation exceed the costs, but cannot capture all
of the benefits because of inappropriate land- tenure arrangements. This
problem of incomplete property rights is likely to lead to market failure
wherever managers of severely degraded rangelands only hold finite term
leases.

In the study described above of rangeland rehabilitation in the arid winter
rainfall pastoral zone of Western Australia, it was assumed that pastoral
property managers had freehold title to the rangeland, so that the benefits of
rehabilitation would be realised in perpetuity. When rangeland is leased fora
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finite term, aggregate benefits are diminished even when discounted, so there
is even less likelihood that rehabilitation will be profitable.

The importance of long -term security of land tenure is highlighted by the
finding in our study that expected or average time required to restore
severely degraded range to good condition using optimal grazing management
strategies was of the order of 25 to 30 years. Clearly benefits would need to
be realised for many more years for it to be profitable to undertake an
investment that takes such a long time to reach full productivity. Again
though, the fact that much of Australia's rangeland is leased rather than
owned does not constitute sufficient justification for public funding of
rangeland rehabilitation, as an alternative would be to convert existing
leases to freehold or perpetual leasehold.

Another possible source of market failure arises because the discount rate
relevant to society's choices about investment decisions arguably should be
less than the opportunity cost of funds for private investments.

In brief, the main bases for these arguments are that individual time horizons
are finite, while an infinite outlook is appropriate for social decision -
making; and /or that society at large is better able to bear the risk
associated with individual investment decisions because they can be spread
over a larger number of people as well as being diversified across a range of
different investments; and /or because private investment decisions have to
based on the post -tax rate of return, while the pre -tax rate of return is
appropriate to social investment decisions. This is a contentious issue, and
it is beyond the scope of the paper to go into the pertinent arguments in more
detail. All that I propose to do here is to indicate the quantitative
significance of some of these arguments, and then to illustrate the
sensitivity of the rangeland rehabilitation decision to the choice of the
discount rate.

The top marginal tax rate in Australia is just under 50 per cent at the
present time, so it is conceivable that the required pre -tax rate of return
could be as much as twice that of the post -tax rate of return. In practice,
there are substantial opportunities for tax minimisation, including some
special provisions for tax write -offs relating to soil conservation measures.
Consequently the discrepancy between the pre -tax and post -tax required rates
of return are likely to be considerably less than a factor of 100 per cent;
and for many cases may well be negligible.

Quantifying the importance of the risk spreading and risk diversification
argument is not so straight forward. Many economists now argue that
corporations can raise finance through the share market, and also can take
advantage of other risk reducing opportunities such as insurance. If all risk
could be eliminated by such devices, then the discount rate appropriate for
private investment decisions should be the risk -free interest rate. Empirical
evidence from studies of the share market does not support this point of view,
as it suggests that risk premiums are not negligible, and could be equivalent
to an increase in the discount rate of seven to ten per cent.

However, by far the most contentious issue is the argument that individual
decision -making is myopic, and that a lower social discount rate is
appropriate to allow for inter -generational considerations.

In a recent review of this issue, several authors have concluded that the
social discount rate should be about two per cent. This compares with current
levels of real interest rates which are in the range of five to ten per cent,
and with common practice in many government departments of using a social
discount rate of similar magnitude.

In the optimal control analysis of rangeland rehabilitation described above, a
real discount rate of six per cent was used to derive the result that
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moderately degraded range could be profitably rehabilitated by grazing
management strategies alone, but that re- seeding of severely degraded range
was not profitable so that such land would eventually be totally worthless. To
test the sensitivity of these results to the discount rate, the rangeland
rehabilitation decision was also analysed with an alternative objective
function involving maximisation of average annual expected return. This is
equivalent to assuming a zero discount rate, which provides an indication of
the upper bound to the social net return to rangeland rehabilitation.

Given this assumption we found that it was always profitable to rehabilitate
degraded rangeland irrespective of the state of degradation. Specifically, it
was found that the optimal strategy for moderately degraded range was still to
rely solely on grazing management, but that re- seeding together with de-
stocking were more profitable than only de- stocking severely degraded range.
In all cases, pursuing profitable strategies was likely to eventually restore
range to good condition. It is worth noting though that even with re- seeding,
the mean or expected time required to totally restore range condition from a
severely or even moderately degraded state was of the order of 20 to 30 years.

The final possible cause of market failure is the existence of so- called off -
site benefits from rangeland rehabilitation which are ignored by property
managers when they decide whether or not to undertake this risky investment.
Direct off -site effects of rangeland degradation could include silting of
waterways, etc. arising from water run -off and soil erosion. Chisholm (21)
concludes that "in the pastoral zone, particularly the semi -arid areas, land
degradation appears to be primarily an on -site problem ".

Many conservationists would contest this conclusion on the ground that there
are significant indirect off -site effects. For instance, rehabilitating
severely degraded rangeland close to roadways and /or waterways is likely to
provide aesthetic and /or recreational benefits to tourists and other
travellers in arid pastoral areas. Pastoral property managers are unlikely to
take these benefits into account when deciding whether to rehabilitate this
rangeland because they cannot capture any of these returns. In addition, it
has been suggested that there may be non -user off -site benefits referred to by
economists as option values and /or existence values. Option value is the
amount current non -users of rangelands are willing to pay to avoid
irreversible changes, such as the extinction of a species or an ecosystem. By
definition, rangeland rehabilitation reverses previous degradation, so it is
difficult to imagine justifying public funding on the basis of option values.

A stronger case can be made on the ground of existence value, which in some
sense equates with the more generally used conservation value.

In economic theory, existence value is the amount non -users are willing to pay
simply to preserve some aspect of the environment without any expectation of
ever being able to directly experience it. The strength of the conservation
movement clearly demonstrates that such indirect off -site benefits of
rangeland rehabilitation need to be taken into account. However, whether the
level of existence value is sufficient to justify public funding when
rangeland rehabilitation is not privately profitable is ultimately an
empirical issue requiring further study. To illustrate, let me conclude with a

few simple sums.

Woods (22) estimated that about 107,000 km2 of pastoral country in Western
Australia was substantially degraded in the sense of being affected by
vegetation degradation plus moderate to severe soil erosion. On the basis of
some limited sensitivity analysis carried out on the cost of re- seeding in the
optimal control study described above, it would seem necessary to subsidise
re- seeding to the tune of at least $5 /ha in order for it to be privately
profitable to attempt to rehabilitate this type of degraded rangeland. For the
sake of the argument, it can be assumed that the aggregate subsidy required
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would be of the order of $100 million, or about $100 per head for every
employed person in Western Australia.

I leave it to the reader to complete the calculation by estimating the
following:

the percentage of the work force with a conservation ethic;

*for this group, the average willingness (and ability) to pay for all forms
of conservation;

*the proportion of this total willingness to pay for conservation that
conservatively- minded workers would allocate to rangeland rehabilitation.

If the aggregate willingness to pay derived from answering these questions
exceeded $100 million, then it might be possible to persuade the government to
introduce a range rehabilitation tax to be used to subsidise re- seeding or
otherwise treating severely degraded rangeland.
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BURNING AND EXCLOSURE CAN REHABILITATE

DEGRADED Heteropogon contortus PASTURES

D.M. Orr, G.M. McKeon and K.A. Day
Queensland Department of Primary Industries

Brian Pastures Research Station
Gayndah Q 4625

ABSTRACT

Changes in composition at a native pasture site in poor condition in
southern Queensland have indicated that Heteropogon contortus dominance can
be restored by exclosure and annual spring burning. Such a treatment changed
a pasture composed of 70% Arístida spp. and 20% H. contortus (by weight) in
April 1987 to one composed of 16% Aristida spp. and 70% H. contortus in
April 1990.

Basal area data indicated a pasture composition of 68% Aristida spp. and 15%
H. contortus in December 1986, compared with 13% Aristida spp. and 57% H.
contortus in December 1989.

The results imply that practical rehabilitation might include burning in
spring for at least two years and lenient stocking or grazing deferment
during the subsequent growing period.

INTRODUCTION

Heteropogon contortus (black speargrass) pastures are an important resource
for the beef cattle industry in Queensland because these pastures occupy 25
million hectares and support at least 3 million beef cattle. Increasing
grazing pressure, caused by increasing economic pressures and drought in
recent years, are resulting in deleterious changes in the composition of
these pastures. In the southern inland region, H. contortus is being
replaced in many cases by unpalatable Aristida spp. (wiregrass)(1). Such
replacement is believed to lower beef production although quantitative data
are lacking. A recent survey of beef producers in this region has indicated
that almost 70% of respondents rated research into native pasture
composition as a high priority area for research (G.B. Robbins, unpublished
data) .

Many options for the management of native pastures require economic
evaluation, requiring a knowledge of how pasture production interacts with
climate, stocking rates, frequency of burning, shrub invasion and land
degradation. A group of pasture scientists is collaborating to measure
native pasture production at 15 sites throughout Queensland to develop a
general model for pasture production in northern Australia (2). Repeated
measurement at one of these sites has indicated a potential management
option for rehabilitating degraded H. contortus pastures. This paper
describes the changes in pasture composition at that site between 1987 and
1990 and compares these changes with pasture composition at two adjacent
sites in 1990.
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METHODS

Site and Treatment
In October 1986, a 30 x 30 m site on a prairie soil (Uf6, (3)) with uniform vegeta'

dominated by Aristida spp. in H. contortus grassland was exclosed at Brian
Pastures Research Station, Gayndah and has remained ungrazed. Within this
site, three plots each 8 x 15 m were located as replicates.

The whole site was burnt in October 1986 but since then certain areas within
the site have remained unburnt in order to measure the effect of carry over
pasture from winter on the subsequent summer growth. This has resulted in
replicates 1 and 2 being burnt annually since 1986 (October 1987, December
1988 and October 1989) and replicate 3 being left unburnt since 1986.

Pasture composition was sampled (see below) in replicates 1 and 2 in April
each year between 1987 and 1990. In April 1990, additional measurements were
made to compare pasture composition under annual burning in exclosure with
that burnt once in exclosure (replicate 3) and with that in the adjacent,
grazed area. Two replicates were harvested in this adjacent area which is
grazed continuously at 3.2 ha /beast and was burnt in October 1986 and
October 1989 as part of normal management practice.

Measurements
At each sampling, 4 quadrats (1 x 0.5 m) were harvested in each replicate. In each
species composition of the grasses (viz. H. contortus, Aristida spp. and
other species) was estimated visually prior to cutting to ground level for
yield determination. A comparison of visual estimates with harvested
weights of individual components on two separate occasions indicated close
agreement between the two methods.

Basal area of perennial grasses (4) was determined by the senior author in
December 1986 and December 1989 in replicates 1 and 2 of the exclosure
treatment. A point frame, with five points spaced 10 cm apart, was used to
record "strikes" on perennial grass species from 100 locations in each
replicate.

RESULTS

Rainfalj,

Seasonal rainfall varied during the period covered in this study. "Typical" season
rainfall was experienced over the 1986 -87 and 1988 -89 pasture growth periods
and summer drought experienced during the 1987 -88 and 1989 -90 pasture growth
periods (Table 1).

Changes in botanical composition
Annual burning

Aristida spp. was the major component of total yield in April 1987 and April
1988. However, H. contortus became the major component in April 1989 and
April 1990 and Aristida spp. became only a minor component (Figure 1). Large
variation in total yield and components of total yield occurred between
years and reflected large differences in seasonal rainfall (Table 1).

ril 1990 samolinq
Burning once (October 1986) with exclosure and burning twice (October 1986 and Oct
1989) with grazing both failed to increase the proportion of H. contortus in
the pasture (Figure 2).
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Table 1. Seasonal rainfall between summer 1985 -86 and autumn 1990 in
relation to the long term seasonal means for Brian Pastures Research
Station.

Year Summer Autumn Winter Spring
(Dec -Feb) (Mar -May) (June -Aug) (Sept -Nov)

1986 469.2 111.8 111.6 155.6

1987 321.6 89.6 85.8 190.4
1988 106.8 127.4 201.8 77.8

1989 302.0 166.6 134.6 175.8

1990 140.8 308.6

Long term mean 287.3 201.7 105.4 123.8

Changes in Basal area
Changes in the contribution of H. contortus and Aristida spp. to total basal
area between December 1986 and December 1989 (Figure 3) mirrored changes in
the yield contribution of these two pasture components (Figure 1).

DISCUSSION

Annual burning in spring and exciosure over four summer growing periods has
resulted in a major increase in H. contortus at the expense of Aristida spp.
This result is consistent with other data on the effects of burning in H.
contortus pastures (5). The plant mechanisms involved in this change in
pasture composition are not apparent from this study. However, fire is known
to promote both seed production (6,7) and seedling recruitment (8) in H.
contortus while no similar data are available for Aristida spp.
Neither burning once in exciosure nor burning twice under continuous grazing
resulted in major changes in pasture composition.

Rehabilitation involving total exciosure for three to four years would
probably be unacceptable to the grazing industry because of lost animal
production. Our results indicate that rehabilitation requires some
combination of repeated burning and deferment of grazing. These
considerations indicate the necessity to understand
separately the processes involved in repeated burning and in grazing
deferment following fire. For example, H. contortus is susceptible to heavy
grazing during summer but relatively insensitive to heavy grazing during
winter (9). Thus, rehabilitation may be possible using spring burning over
two or three years in conjunction with some form of deferred grazing over
summer.

Two studies examining the rehabilitation of degraded H. contortus pastures
have commenced at Brian Pastures Research Station. One of these studies
examines the effect of a range of annual spring burning strategies (burn for
0,1,2 or 3 years) on pasture composition under both grazing and exclosure.
The second study examines the effect of annual spring burning followed by
deferred summer grazing (for 0,2,4,6 months or 0 months but at half stocking
rate) on pasture composition. Permanent quadrats in both grazed and ungrazed
treatments in the burning strategies study should
indicate plant processes leading to the rehabilitation of pastures through
burning and the exclusion of grazing.
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ABSTRACT

Widespread shrub encroachment following a reduction in fire frequency is a
major factor limiting livestock production throughout the semi -arid
woodlands of eastern Australia. The development of integrated shrub control
strategies may provide an effective solution to the shrub problem by
overcoming two major obstacles to a greater level of landholder acceptance
of prescribed fire technology: control of resprouting shrubs and lack of
fuel.

It is proposed that prescribed fire be used to provide the initial
defoliation in those areas where there are adequate fuel loads. Because
follow -up treatment must be undertaken within one or two years, secondary
defoliation might be applied using sub -lethal concentrations of selective
and environmentally acceptable chemicals. Economic effectiveness may be
enhanced by using aerial operational procedures to rapidly treat those areas
within individual paddocks which can provide maximum response in terms of
increased herbage and animal productivity. This integrated approach, aided
by decision support systems, may offer landholders a cost -effective means of
applying shrub control over entire properties.

INTRODUCTION

Shrub encroachment is a serious impediment to livestock production in the
semi -arid woodlands of eastern Australia (1,2,3). In New South Wales alone,
it has been estimated that some 30 million hectares, approximately 25 per
cent of the State's area, are affected by, or liable to, such infestation
(4). The increasing shrub cover has led to diminished livestock production
potential and placed the economic viability of properties at risk.

The actual level of economic loss caused by the shrub problem has not been
subjected to rigorous analysis. One exploratory study provided an estimate
of economic loss to the wool industry in the western regions of New South
Wales and Queensland to be in the order of $6.0 million per annum (5). Other
studies place the potential annual loss closer to $40.0 million (6,7). While
there is clearly a substantial level of uncertainty concerning the real
economic magnitude of shrub - induced income losses, it has been identified as
a serious problem requiring address.

The increase in shrub cover, like that for savannas elsewhere in the world
(8), has been attributed primarily to a change in fire regimes subsequent to
European pastoral settlement. The frequency of both natural and man- induced
fire decreased markedly as potential grass fuel was consumed by domestic and
feral grazing animals and increased numbers of native herbivores (9).
Seedlings of all problem shrub species are fire sensitive, and in past times
were controlled by periodic fire events as well as by competition from
vigorous perennial grasses (10,11). Shrub seedling establishment and herbage
fuel production are strongly linked to above- average rainfall seasons which
are highly episodic and unpredictable. Much herbage fuel is quite ephemeral,
lasting little more than six months after senescence, so that the
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opportunity for prescribed fire is heavily constrained by fuel availability
(12) .

Most problem shrub species are natives comprising those that re -seed after
fire such as the hopbushes (Dodonaea spp.), and those that resprout,
especially species of Eremophila such as budda (E. mitchellii) and turkey
bush (E. gilesii). Only rarely do introduced shrubs reach problem
proportions such as Acacia nilotica in western Queensland (13,14).
Consequently, there is little potential for biological control of the major
species (15).

Extensive investigations over the past decade have examined numerous options
for controlling shrub populations and restoring herbage productivity
(16,17). Landholders have been reticent to apply this technology, partly
through inexperience in using some techniques on a broad scale and partly
because they are not convinced of the economic benefits accruing from such
measures (18,19,20).

This paper discusses management options for shrub control. Practical and
economic merits of integrating two potentially useful control techniques
appear to offer solutions to overcoming weaknesses inherent in single -
treatment measures.

CONTROL TECHNOLOGY

Because shrub encroachment has largely been attributed to a reduction in
fire frequency following heavy grazing, an obvious remedy has involved the
deliberate use of fire in conjunction with strategic grazing management
(21). Experimental trials at both small plot and field scales have
demonstrated the effectiveness of prescribed fire (9,16,22). Economic
studies have pointed to potentially high cumulative net benefits accruing if
such herbage responses were to be observed after prescribed fire (19,23).

A major limitation to the widespread adoption of prescribed fire has been
the difficulty in achieving success at a practical scale due to insufficient
fuel, both spatially and over time. Some parts of a paddock may carry
substantial fuel loads while intervening areas may have minimal fuel. This
discontinuous distribution severely restricts fire spread.

Research has indicated that single fires provide only short -term control
(12). Prescriptions of two to three fires are required to prevent
regenerating seedlings and coppicing shrubs becoming sexually mature and
recharging the soil seed bank. While the most difficult shrubs to control
are the resprouting species, up to 80 percent of budda (Eremophila
mi.tchellii) can be killed when completely defoliated by fire using
artificial fuel in two successive autumns (24). A similar response to
repeated autumn defoliation has been demonstrated for resprouting mallee
eucalypts (25). One major barrier preventing serial imposition of autumn
defoliations under extensive field conditions, is the short time available
for herbage fuel to accumulate.

Economic considerations weigh heavily against practical consideration of
control strategies based on conventional agronomic approaches. Mechanical
methods and chemical arboricides have been tested in recent years
(26,27,28,29) yet high labour, fuel and material costs have effectively
restricted their application to the higher -rainfall fringes of the semi -arid
zone where cash cropping becomes a viable means of recouping the high
capital investment incurred (30,31). A lack of appropriate cultivars and
low -cost pasture establishment techniques for semi -arid rangelands is
preventing the development of pasture reseeding options to produce feed /fuel
and increase livestock productivity in the short term (17).
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Blade ploughing has been tested for shrub control, however, the high initial
treatment cost relative to potential future production gains would seem to
effectively restrict the application of these mechanical techniques to small
areas where specific management objectives, such as clear vision or easier
stock movement, are required (20). Like single fire treatments, a 'once off'
mechanical treatment is unlikely to provide a long -term effect. Regeneration
of shrub populations through seedling recruitment or root suckering would
inevitably mean a follow -up treatment is required for a lasting result (32)

INTEGRATED SHRUB CONTROL SYSTEMS

Technical and economic limitations of single- treatment approaches have
inevitably led to discussions on how the best features of alternative
control methods might be most effectively and economically combined. Such
considerations have also been germane in America where research has led to
the development of integrated brush management systems (IBMS). Here two or
more control methods are combined in a logical sequence in order to
complement, or reinforce, the beneficial impact of preceding treatments
(33,34,35) .

Scifres et al. (33) found herbicide -fire combinations offered the most
promise for improving range condition in country infested with mesquite
(Prosopis spp.). Prescribed fire in the winter applied 30 months after
aerial spraying in the spring with 1.1 kg /ha of 2,4,5 -T + picloram, followed
by a second prescribed fire five years later, provided a greater reduction
in mesquite canopy than either spraying or prescribed fire alone. Economic
analyses have demonstrated the profitability of such procedures (36).

Similarly, a prescribed fire -chemical defoliation combination is proposed
for Australian semi -arid woodlands. Chemical defoliants would be used in
the autumn at sub -lethal rates, i.e. at concentrations of 10 -25% less than
normally specified, to simply defoliate resprouting coppice after fire. This
strategy, if successful, would overcome the delay involved in waiting for
natural fuel accumulation so fire can be reimposed.

Initially potential chemical agents need to be screened over a range of
concentrations of active ingredients. Such chemicals would be sprayed onto
coppice regrowth of target species. Coppice application is seen, a priori,
to be more efficient because there is less leaf surface area to be treated
compared with a mature canopy chemicals may also be more physiologically
effective when applied to young leaves.

If successful, large -scale testing of defoliation treatments would logically
follow. Large paddock size may dictate the need for appropriate operational
procedures. This may involve both aerial ignition (22) and aerial spraying
to optimise treatment application.

An important consideration of successful fire -chemical defoliation
strategies prior to their adoption on a broad scale, will be their economic
feasibility. Whilst present consideration of economic factors must remain
speculative rather than definitive, a guide to the potential scope for
integrated shrub control is provided by a benefit -cost analysis (20) based
on the synthesis and modification of two recent approaches examining the
independent value of prescribed fire (19) and chemical treatments (30).
(Details of the analysis can be obtained on application to N.D. MacLeod).

Using heuristic data derived from
partial budget was constructed to
from serial autumn fire treatment
defoliation (year 1) to a heavily
a self -replacing flock of Merinos.
data (37), and a brief listing of
after treatment is shown in Table

rangeland personnel workers, a 20 year
examine the net benefits that might accrue
(years 0 and 5) supported by chemical
encroached 4000 hectare paddock grazed by
Prices and costs are based on published
assumptions on productivity before and
1. Because the chemicals and application
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rates, are not specified, the analysis identifies the approximate cost per
hectare for chemicals beyond which treatment would no longer be profitable.

Net present value (NPV) of the combined flows of benefits and costs,
excluding the cost of chemical agents but including aerial application
costs, was calculated to be of the order of $8.25 per hectare. On the basis
of the assumptions used, this figure represents the maximum justifiable cost
that might be incurred if chemical treatment is to remain profitable. Were
the increases in post -treatment productivity to be lower than those assumed
for the budgets, this sum would obviously be smaller. The opposite
conclusion would hold should the assumptions prove to be pessimistic. Until
research has proceeded further, these conclusions must remain speculative.
At this time, many commercially available arboricides would cost well in
excess of the break -even' limit if applied at, or close to, present
registration strengths. The challenge remains to identify agents and
application rates that are cost -effective in the longer term.

DECISION SUPPORT SYSTEMS

Given the difficulty of making informed decisions on optimal combinations
and sequences of treatments to apply for integrated shrub control, land
managers are finding decision support systems (DSS) increasingly useful
(38). DSS are microcomputer -based advisory programs designed to guide
decision -makers to that set of information or "expert knowledge"
specifically relevant to their particular problem. In addition to
qualitative "human expertise" (33), DSS also include "hard- data" based on
research results. Such information can be applied by the DSS through
relational data -bases including geographical information systems and
simulation models.

A DSS called SHRUBKILL has been developed to provide advice on the use of
prescribed fire to control shrubs (39). This DSS provides advice and
information on on the ecological and economic issues of using prescribed
fire. SHRUBKILL is being used mostly by extension personnel new in the
region or for detailed consultations with graziers with shrub problems.
Because of its modular structure, SHRUBKILL has been easily modified to
provide another DSS for fire management in mallee country (40). These early
DSS models will provide the base for building a comprehensive DSS for
integrated shrub control in Australian rangelands.
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ABSTRACT

There is a growing community awareness and concern over the extent of physical
degradation of rangeland resources. However, the existence of physical
degradation does not necessarily provide a compelling economic argument for
either private landholders or government taking measures to restore the
physical productivity of rangeland resources. To establish the existence of an
economic or social problem requires detailed knowledge of the costs and
benefits of preventing degradation and of restoring degraded rangelands.
Unfortunately, assessments of the potential economic benefit that might accrue
to specific rangeland restoration technologies are relatively scarce, of
variable quality, and almost invariably useless for purposes of comparison
with alternative technologies.

The paper presents a cost- benefit framework for the examination of the
potential economic merit of private investments in rangelands resource
restoration. It is believed that adoption of this framework by rangeland
research scientists and resource economists would provide a greater
consistency of approach and provide for more accurate assessments of rangeland
restoration investments than has been evident to date. The framework is
applied to two specific rangeland restoration techniques. Issues that are
relevant to extending the framework to the social investment level are then
canvassed.

INTRODUCTION

Much of the Australian research into the restoration of degraded rangelands
has been 'biological' in orientation. Limited attention has been given to the
'economic' realities surrounding private rangeland managers faced with
decisions concerning restoration of their holdings. The same could said be of
the wider issue of whether such action might be warranted from the viewpoint
of the general community. Community and 'scientific' attitudes to rangeland
restoration seem, at face value, to reflect the normative issue of what
ideally should be done, rather than the positive question of what could be
reasonably expected of individuals or the community acting in their own self -
interest.

The paper addresses issues relevant to the latter question through a benefit -
cost analytical framework for the examination of the potential economic merit
of rangeland restoration investments. Adoption of this framework by rangeland
research scientists and resource economists would provide a greater consist-
ency of approach and provide for more accurate assessments of rangeland
restoration investments. Application of the framework is illustrated with
respect to two specific rangeland restoration techniques; viz. prescribed fire
and waterponding. Issues relevant to extending the framework to the social
investment level are then canvassed.
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RANGELAND DEGRADATION DEFINED

Dumsday (1) captures the economic dimension of land degradation by including
'those adverse effects that land uses may have on the services provided by
land'. That is, degradation reduces the capacity of rangeland to produce
outputs that are valuable to individuals and society. Because extensive
livestock production dominates rangeland use (2), assessments of rangeland
degradation will focus heavily on measurement of lost capacity to produce
livestock and their products in the longer term. Most private land users would
see restoration investments in this light.

However, rangelands also possess values beyond pastoral production. Their vast
expanse and diverse flora and fauna are important to the wider community (3).
Livestock grazing and non -pastoral activities (e.g.. mining and tourism) can
alter the status of rangeland resources, leading in some cases to degradation.
Economic analyses of rangeland restoration projects might then be more
appropriately conducted on a broader social scale taking account of both lost
pastoral productivity and other resource values. Despite some theoretical
advances in this area, there has been little practical application of such
analysis. This issue is taken up in the final section of the paper.

AN ECONOMIC FRAMEWORK FOR EVALUATION OF RESTORATION OPTIONS

While an array of potential restoration technologies exists (4,5), their
voluntary adoption on any scale will be conditional on their meeting a basic
economic condition. That is, that the investments return more than the value
of the resources or opportunities foregone. The formal technique of capital
budgeting or benefit -cost analysis provides an effective framework for
determining whether a given project meets this condition.

Investment appraisal criteria

Most rangeland restoration projects involve streams of benefits and costs
accruing over a number of years which must be compared. The traditional
economic method used to do this is 'discounting' (6), to calculate one of
three investment return measures; viz. (a) the net present value (NPV) of
these streams, (b) the benefit -cost ratio (B /C) or (c) the internal rate of
return (IRR). A brief description of the NPV, B/C and IRR formulae is
presented in the Appendix.

An investment is regarded as being worthwhile if the NPV of the net benefit
stream (benefits minus costs) is greater than zero. This is equivalent to a
B/C ratio exceeding unity when the NPV of the benefit stream is divided by the
NPV of the cost stream. The IRR is the discount rate at which NPV of the net
benefit stream is driven to zero. The IRR measures the effective yield on an
investment and can be compared with the return on competing uses for the funds
involved. For many circumstances the three criteria are equivalent and will
rank projects in the same order of value. Simple standardising routines are
available to ensure that the criteria rank alternative investments in a
consistent manner (7).

PRIVATE ECONOMICS OF RANGELAND RESTORATION

An ideal procedure would be to take a broad systems approach which assesses
benefits and costs in terms of impact on the economic performance of the whole
property. Unfortunately this method is rarely feasible because of its
complexity and /or limited availability of adequate data. Its value as a
general guide is further limited by the extreme heterogeneity of pastoral
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properties in the rangelands. A multi -period variant of the partial budgeting
technique (8), where analysis is restricted to a component of the property
(e.g. a paddock or group of animals), is a more feasible approach.

The categories of benefits and costs to be considered include:

(1) the specific cost of the restoration, including the initial
treatment costs and any other costs incurred to reinforce the treatment, or
for subsequent maintenance;

(2) any improvements in profitability of the existing activity
relative to the base period, before the initial treatment was applied, if that
activity is retained;

(3) any improvements in profitability resulting from the introduction
of a new activity that becomes feasible as a result of the treatment, relative
to the former activity during the base period;

(4) any future loss of profits from the existing activity relative to
the base period caused by not implementing the treatment;

(5) the cost of buying capital items needed to expand the level of an
existing activity or introduce a new activity; and

(6) the salvage value of any capital items acquired and the net
appreciation in the value of land and fixed improvements at an appropriate
future date (See Appendix).

The evaluation of a hypothetical restoration project involving livestock
production would attempt to quantify the extent, timing and value of each
category of benefit and cost listed in Table 1.

Table 1. Private benefit and cost categories for a hypothetical rangeland
resource restoration technique

Benefits: Costs:

Increased livestock production
- per animal
- stocking rate

Improved livestock handling
Temporary livestock sales
Increased value of land
Increased value of livestock
Decreased taxation liability

Treatment cost
- initial
- follow up
- maintenance

Grazing income foregone
Additional capital

-livestock
- other

Financing costs
- interest
- principal

Increased taxation liability

This approach measures the difference in net profitability between the
existing system and the treated system, taking into account both treatment
costs and the need to optimally adjust resources to the new environment. It
contrasts with a common approach that typically makes a static comparison
between the net return of an activity in the presence and absence of a
treatment with limited consideration given to the costs of moving between the
two states. The static approach usually overstates the net benefit accruing to
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a restoration investment and, in extreme cases, can imply that projects are
economically feasible when they are not.

Çdlge Studies of Restoration Options

The benefit -cost procedure is demonstrated by an application to two rangeland
restoration options. These are (a) prescribed fire for the restoration of
rangeland pastures that have been severely encroached by unpalatable shrubs,
and (b) waterponding to reclaim scalded land. These examples are drawn from
the available literature and represent cases where a formal assessment was
attempted that is reasonably consistent with the framework presented in the
preceding section (9,10). The categories of benefit and cost items included in
the original studies are listed in Table 2.

Table 2. Benefit and cost categories incorporated in case studies

Treatment: Prescribed Firea Waterpondingb

Benefits:

Animal production gain - per animale
- stocking rate

Easier livestock handling
Temporary livestock sales

Capital sales - land * *

- livestock * *

Taxation savings *

Costs:

Treatment cost - initial * *

- follow up * *

- maintenance *

Grazing income foregone *

Capital purchases - livestock * *

- other assets *

Finance costs - interest
- principal

Extra taxation

a Burgess (1987).
b Penman (1987) .

Data derived from the original studies was reworked to a common basis to
provide a comparison of the treatments. However, minor inconsistencies between
the respective approaches adopted by the original researchers could not be
eliminated and so the results must be viewed as indicative rather than
definitive. An initial assessment for each treatment is made on the basis of
nil inclusion of financing costs or taxation considerations. While these two
items will exert an important impact on the economic feasibility of private
restoration projects, there was insufficient data presented in the original
studies to allow a common base for comparison.
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The financial outcome for each of the options is presented in Table 3. The six
columns respectively contain the non -discounted cumulative net benefit, NPV of
the benefit and cost streams discounted at real rates of 5 and 10 percent, B/C
ratio for the same two discount rates and the IRR. The first column is the
simple non -discounted sum of the net benefit streams for each option. The
other columns use discounting procedures to bring benefits and costs streams
to a common point of time for comparison. The 10 per cent discount rate is

based on real interest costs at the time of writing and the 5 per cent rate
was included to reflect the longer term trend in real interest costs.

Table 3. Cumulative net benefit assessed for case studies

Treatment:

Benefit -cost

Net present valuea ratioa IRR

0% 5% 10% 5% 10%

$/ha $/ha $/ha B/C B/C

Prescribed fireb 31.10 15.61 8.38 6.8 4.6 42.8

Waterpondingb 26.93 -2.78 -17.70 0.9 0.6 4.4

Prescribed fires 26.01 11.80 5.35 2.8 2.0 n/a

a At discount rates shown.
b Excluding debt servicing and taxation.
c Including debt servicing.

Both restoration options have positive cumulative net benefits when no
discount factor is applied to the individual cost and benefit streams.
However, when the streams are discounted at 5 or 10 percent to allow for a
valid basis of comparison with alternative uses of funds, only the prescribed
fire technique remains an economic option to a private land user. The impact
of including the cost of financing for the prescribed fire treatment was
examined by assuming that the treatment was financed 100 percent by a term
loan of five years duration carrying a real interest rate of 10 percent. The
result (Table 3.) indicates that the option would remain economically
worthwhile.

The basis for this result lies in the initial low treatment cost and
significant production response attributed to prescribed fire management
relative the high cost and modest response for waterponding. However, these
results are only indicative of the value of the respective treatments, a
definitive statement requiring careful consideration of each category of
benefit and cost outlined in Table 2 and the risk of the treatment not
succeeding. Risk has been a relatively neglected issue in the rangeland
restoration literature and requires more attention in future studies.

A recent study (11) reviewed a range of restoration techniques based on
conventional agronomic approaches to shrub encroachment (chemicals, blade
ploughing, mechanical clearing) and concluded that, like waterponding, these
represented poor economic value for broad area application under the present
cost -price regime. However, there may well be 'niches of opportunity' that are
physically amenable to treatment and that are economically viable. There are
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no formal economic analyses of such cases apparent, although several reports
suggest positive net economic benefits in certain circumstances (12,13,14).

PUBLIC ECONOMICS OF RANGELAND RESTORATION

Social benefit -cost analysis, while similar in logic to private benefit -cost
analysis, differs in that it appraises all benefits and costs of a proposed
course of action from the viewpoint of the community. It also separates the
incidence and impact of different benefit and cost items between individuals
and groups. For example, unlike the private case, social benefit -cost analyses
commonly cover cases where benefits and costs accrue to quite different groups
within society, with the result that intergroup comparisons are involved.

A positive net social benefit is accrued when the benefit to one or more
groups from an action exceeds the compensation required by other groups in
order to be no worse off. So when a social benefit -cost analysis is conducted
several additional factors need to be considered, including issues of 'market
failure' and the net benefits to be gained from public intervention.

Market failure
The objectives of private land users and the general community are often
similar and rangeland usage that maximises present net worth of individuals
will collectively maximise the present value of net benefits to the community.
But instances of 'market failure' can arise where private and social interests
diverge and the collective action of individuals responding to market signals,
may lead to sub -optimal land usage for the community. This is frequently cited
as justification for public intervention in rangeland decision making to
ensure that community interests are safeguarded (7,15). Potential sources of
market failure, which are of direct importance to the social merit of
rangeland restoration, are now discussed.

Externalities

Externalities exist when individuals decide on a course of action without
considering the impact it has on other parties (16). While the effects of
rangeland degradation are mostly on -site (5,17), there are several important
sources of off -site costs. If these spillover costs were considered by private
land users, different and socially more preferable decisions could result (3).

For example, productivity may be reduced through spread of vermin and noxious
weeds or by dryland salination of adjacent areas. The quality of watercourses
may deteriorate through stream salinity or flood damage. The aesthetic quality
of the landscape may be diminished, wildlife habitats lost or ecological
diversity reduced. Little is known about the relative importance or value of
these effects.

A range of techniques has been developed to quantify environmental values in
monetary terms, although their application has been limited in Australia. One
classification (18) places environmental 'goods' into one of three categories:

(1) well functioning markets, such as a national park, where the user
can be charged a price which reflects the demand and supply conditions for the
good;

(2) unpriced environmental goods, such as a wilderness, where the
existence of complementary or substitute goods may allow the value of the good
to be estimated;
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(3) other unpriced environmental goods, such as threatened species,
for which only hypothetical or experimental markets can be used to estimate a

contingent value.

The method of valuing externalities needs to be tailored to the good in
question. The impact of land degradation on productivity and the quality of
watercourses can be valued by using opportunity cost methods. The external
costs of vermin, noxious weeds and dryland salination can be estimated by the
cost of returning the land to its previous productive levels or the cost of
repairing infrastructure damaged by excess runoff and soil movement.

The impact of rangeland degradation on wider social issues, such as species
preservation has no close market analogues, so contingent valuation methods
would be required (19). These involve 'questioning' individuals to obtain
their personal valuations of changes in the availability or quality of non -
priced goods (20).

Irreversibilities

Rangeland degradation can lead to irreversible effects such as physical and
chemical damage to the soil, loss of flora and fauna and, in some extreme
cases, the loss of complete ecosystems. Future generations may regret past
irreversible land use decisions and so the preservation of some land may carry
a positive 'option' value beyond that measured by its immediate consumption
value (21) .

Chisholm (15) distinguishes this 'option' value from 'existence' values which
are the intrinsic values placed on the knowledge that a resource exists in a
natural or unspoiled state. Both option and existence values are important
considerations for the amenity value of rangeland such as natural landscapes
or rare species of fauna and flora. These values are likely to increase as the
stock of non -developed natural resources declines and as income, education and
the degree of urbanisation of society change (21).

Economies of scale

Diseconomies of small scale may prevent certain restoration techniques being
adopted by individual land users (15). Though there can be scope for small
groups of individuals to cooperate in activities like technical workshops,
buying groups and machinery syndication, benefits may also be derived from
public intervention for large scale projects. The costs and benefits of public
provision need to be compared with the private alternatives.

Scale economies are also important when there is 'density dependence' in
damage functions (22). For example, the aggregate loss from native shrub
encroachment may be greater when damage is spread at relatively low densities
across the landscape, than when the same level of damage is confined to a
smaller area. As many forms of control involve costs which are directly
proportional to area rather than to damage intensity, it may be non -economic
for broad area control to be applied by individuals.

Imperfect capital markets

If private land users are unable to capture the full value of the capital
improvements associated with rangeland restoration, they are unlikely to
invest in restoration to the socially desirable level. Given that most
rangeland holdings are leased, this issue is significant.

Several states have moved to establish long -term pastoral leases after many
years of highly variable lease periods and conditions, including short terms
and uncertain resumption clauses (23). While lease covenants allowed
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landholders to capture some of the value of capital improvements upon sale,
they rarely allowed for increased value of the basic land resource. This
policy would have been a strong deterrent to restoration investment and
probably a significant cause of much of the existing degradation of pastoral
leases.

Imperfect information

The limited information evident on the private and public benefits and costs
of rangelands restoration can lead to underinvestment in such projects.
However, a case for public intervention (e.g. research or extension) to
provide additional information requires proof that the private sector will
not autonomously invest sufficient resources in information gathering.

At the private level, at least, there would seem to be a strong incentive for
land users to seek information on the economic feasibilty of restoration
projects. Free rider problems associated with non -alienability of rights to
privately obtained knowledge would also be expected to lead to pressure for
publicly sponsored information gathering and dissemination. The fact that
restoration research has previously received so little attention warrants
explanation, possibly tracing back to the lease tenure problems noted above.

Society will also be interested in the social benefits and costs of additional
research into rangeland restoration technology. Until reliable information is
available on the importance of the externalities identified in the preceding
sections, the appropriateness of government intervention to correct past
rangeland degradation will remain speculative.

$ egulatory failure

While market failure is important to social benefit -cost analysis, so too is
is the concept of 'regulatory failure' which occurs when public intervention
fails to result in net gains in community welfare (24). If the benefits of
intervention to remove market failure are less than the costs, there is a
greater social loss than would occur with a non - regulated private market
outcome. This is consistent with the argument of Blyth and McCallum (25), that
the existence of degraded land alone does not provide sufficient evidence of
market failure.

The real economic issue is whether restoration investment would be socially
beneficial given all considerations, including the cost of regulation. A
social benefit -cost analysis will ideally compare the effectiveness of
different forms of regulation on private land use relative to the net gain
achieved by a non -regulated system. Chisholm (15) argues that an efficient
level of conservation will occur when the sum of the total damage, both on-
site and off -site plus abatement and restoration costs, is minimised. Whether
this is best achieved by taxes, subsidies or regulation depends on a benefit -
cost evaluation of the options and better information on the severity of the
social problem. Much more work is needed on these issues.

CONCLUSIONS

An economic framework has been presented to assist private and public decision
making with respect to rangeland restoration technologies. Adoption of this
framework by rangeland research scientists and resource economists would
provide a greater consistency of approach and provide for more accurate
assessments of rangeland restoration investments than has been evident to
date.
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Use of the framework was demonstrated via two case studies, which suggest that

the private economic value of rangeland restoration is variable. Because the
analysis was based on secondary use of limited data the conclusion remains
indicative. Further research is needed to define more adequately the benefit
and cost profiles, and the risk associated with different restoration options.
This requires quantification of the key biological and financial relationships
involved with rangeland restoration, to provide a more precise estimate of the
level and timing of private benefits and costs. This would be best achieved
through close cooperation between rangeland scientists, resource economists
and practical land managers.

Research into the public value of rangeland restoration remains a neglected
area. More effort should be made to investigate this issue with priority given

to quantifying the economic significance of the externalities involved. While

such market failure may call for public intervention, the possibility of
regulatory failure is an important consideration. With a better understanding
of the social benefits and costs of restoring degraded land, the potential
scope and nature of future government involvement in the issue can be more
clearly defined.
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APPENDIX

INVESTMENT APPRAISAL CRITERIA (NPV, B/C RATIO, IRR)

The NPV, B/C ratio and IRR are three commonly applied methodologies for
appraising alternative investment projects whose benefits and costs accrue
over periods of time.

Net present value
The net present value of differences between the benefit and cost streams
of a multi- period investment project, commencing at the present time (year
0) and ending in year N, can then be determined using the following general
formula:

(1)

N

NPV = E (Bn- Cn)/(l+i)n + SN/(l+i)N

n=0

where: NPV = net present value.

Bn = benefit received in the nth year.

Cn = cost incurred in the nth year.

SN = salvage value of assets at the terminal year (see note below).

i = discount rate.

Note: Estimation of the life of a restoration `project' is subjective. A
common approach is to project benefits and costs to a point at which the
activity has reached a steady state. Future net benefits are captured in
the net difference between salvage value of land and other assets in the
treated and untreated states at the nominated terminating point.

Benefit -Cost Ratio
The B/C ratio is a simple algebraic manipulation of the NPV formula; viz;

N N

(2) B/C = [ E (Bn)/(l+i)n + SN/(1+i)N]/[ E (Cn)/(1+1)nJ

n=0 n=0

Internal rate of return
IRR is calculated by finding a value for i that satisfies the formula:

(3)

N

E (Bn- Cn)/(l+i)n + SN/(1+i)N = 0

n=0

The main advantage of the IRR method that there is no requirement to
specify an interest rate before performing the calculation. The main
disadvantage is that it is more difficult to calculate than the NPV or B/C
ratio.
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CONTOUR FURROWING TECHNOLOGY FOR RANGE CULTIVATION AND RESEEDING

W.A. Tatnell and G.T. Beale

Soil Conservation Service of N.S.W., Broken Hill
ABSTRACT

As a result of recent technological improvements, contour furrowing has become
the accepted method of reclaiming scalds in semi -arid far western New South
Wales. Landholders in the Broken Hill district now support a full time
commercial rehabilitation scheme.

The Broken Hill Land, Reclamation Demonstration Program commenced in 1986 as a
four year investigation and demonstration program with the following
objectives: develop contour furrowing technology; demonstrate the technology
to landholders; make available the resources necessary for widespread
implementation of the program.

The significant developments of this program include the improvement of
mouldboard design and ripper tyne configuration. These improvements have
resulted in a longer furrow life, greater water holding capacity behind each
furrow, and increased the volume of soil moisture storage. Erosion caused by
excess runoff and wind is reduced, and runoff is harvested for plant growth
and soil improvement.

Survey of the furrows using a laser level system has enabled the
survey /furrowing /reseeding process to become a one pass operation. This has
not only reduced the cost per hectare but has also increased the accuracy
compared with other survey techniques. Increased survey accuracy has maximised
the volume and area of water ponding behind each furrow and also reduced the
possibility of breaching.

Results of contour furrowing trials at Broken Hill have indicated the
importance of seedbed design and seed placement on the establishment of
perennial saltbush species Atriplex vesicaria, A. nummularia and bluebush
species Maireana astrotricha and M. pyramidata.

Evaluation of twelve furrow zones indicated the most suitable sites for seed
establishment. The sides of the furrow were found to be the most suitable
sites for seed establishment. Poor establishment occurred from seed sown in
the ponded zone above the furrow, the apex of the windrows and in the bottom
of the furrow channel.

Further trials investigated the suitability of three sowing methods:
broadcasting; hand (precision) sowing at the preferred furrow zone; and a
mechanical sowing method which incorporates low cost seedbed preparation and
seed placement. These trials demonstrated the need for accurate seed placement
in relation to the preferred furrow zone and control over sowing depth.

Future trials will aim at improving the reliability of seed delivery and
sowing depth, articulation of the mouldboard and pre- sowing seed treatment.
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INTRODUCTION

Contour furrow /reseeding is a technique which has been developed for the
reclamation of scalds in semi -arid rangelands. As a direct result of recent
improvements in technology, contour furrowing /reseeding has become an accepted
method of scald reclamation in far western NSW. Landholders in the Broken Hill
district now support a full time operation where a tractor, furrow /reseeding
machinery, laser survey equipment, and a plant operator are hired at
commercial rates.

Since the commencement of the Broken Hill Land Reclamation Demonstration
Program in 1986, over 10,000 hectares have been treated by contour
furrow /reseeding in the Broken Hill district.

The significant technological developments of this program include:

the improvement of mouldboard design and ripper tyne configuration;

the survey of furrows using laser levelling technology;

seedbed design.

These developments and the effect each has on the reclamation system are
described in this paper.

FURROW DEVELOPMENT

The machinery currently used to construct the furrows consists of a wheel
tractor (100 hp) and a three point linkage furrow /seeder. There are two
leading agricultural tynes which break up the soil in front of the double
mouldboard. Figure 1 illustrates the changes to contour furrowing equipment
which have taken place over the past twenty years.

The net result has been a larger furrow with considerable water ponding
capacity and an expected effective furrow life of over ten years.

The furrow produced is approximately 1.6 metres across, 45 cm deep, with
windrows 25 cm high. The size of the furrow is important as this will directly
affect the life of the furrow and water ponding capacity. It is essential that
ripped soil is removed from the furrow to reduce the effect that rapid slaking
has on the life of the furrow.

The larger the furrow, the greater the number of favourable seasons that will
occur during its effective life and therefore the greater the probability of
complete reclamation occurring. There is a trade off between furrow size and
the spacing required between each furrow for effective control of runoff.
There is an optimum furrow size which is related to cost /benefit, and the
potential to cause an erosion problem with oversized furrows (2).

The main functions of each furrow include the following:

to increase the initial water holding capacity of the soil by ripping
during furrow construction. Ripping reduces the probability of storm
damage to new furrows by increasing initial infiltration rates.
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to control and concentrate runoff by ponding water on the uphill side
of the furrow. Infiltration rates increase over time as a result of soil
improvements from water ponding effects (1).

.to provide sites for primary and secondary seed establishment which
are not prone to flooding or salinity and which provide adequate soil
moisture conditions and micro- environment for germination and
establishment.

Figure 1. Changes to furrowing equipment 1970 to 1990.

SURVEY METHODS

One major advantage of contour furrowing is the ability of the furrows to pond
large volumes of runoff. To maximise the ability of each furrow to pond water,
accurate and continuous survey of each furrow is essential.

Contour survey techniques were evaluated for accuracy and new technology
developed to minimise the labour and capital costs associated with furrow
surveying.

Survey Systems

Various survey methods have been evaluated to determine the most accurate and
efficient system including: a dumpy level; water level; vehicle mounted laser
level (3); and tractor mounted remote controlled laser level. As a result of
the evaluation, it was recognised that there was a need for accurate and
continuous survey. Survey with a dumpy level (for example) is a point survey
method which is labour intensive and often leads to inaccuracy between survey
points. Over short distances furrows could deviate from the contour draining
water away from the high points and concentrating runoff in the low points.

248



This often resulted in poor revegetation of runoff areas and breaching of
furrows where water became concentrated at low points.

The survey system which proved to give the most accurate survey result at the
lowest cost was the tractor mounted remote controlled laser system. This
system consists of a trailer mounted hydraulic mast and laser transmitter
which can be raised or lowered by remote control from the tractor cabin. The
laser signal receiver is mounted on a manually operated hydraulic mast on the
front of the tractor. The tractor operator manually steers the tractor either
uphill or downhill according to the display of level indicator lights.

The laser transmitter can operate over a radius of 700 m and over a fall of
three metres (3 m). This range minimises the time required to shift the
transmitter mast and would allow either one or two tractors to operate
efficiently from one transmitter.

The development of the tractor mounted survey technique has assisted in
reducing the survey, furrowing and direct seeding to a one pass operation.

Survey Layout

Once a site has been selected, the appropriate seed determined and necessary
grazing management implemented, the survey/ furrowing/ reseeding commences
from the top of the slope and /or runoff area. This will prevent storm damage
from occurring during the construction phase. The optimum spacing between
furrows in 220 mm rainfall areas near Broken Hill is between 7 m and 15 m
depending on slope and expected runoff rates. Where excessive spacing occurs
between furrows as a result of surveying on changing slopes, the space is
filled by short furrows at the desired spacing.

While continuous survey is superior to point survey techniques, a certain
amount of driver anticipation is required to ensure that sharp depression are
properly surveyed or avoided. Specific site problems can occur where furrows
are constrained by farm tracks or fence location. Obstructions such as these
can reduce the area of pond behind each furrow and may result in local
washouts when runoff from tracks is not adequately controlled.

SEEDBED DEVELOPMENT

The primary objective of rangeland reclamation is the re- establishment of
desirable perennial pasture species on previously degraded sites.

Where adequate stands of desirable perennial species are located throughout
the area to be treated, natural dispersion of seed, in conjunction with
contour furrowing, may be sufficient to ensure that regeneration occurs.
However, as is more often the case, such seed sources do not exist in
sufficient quantity and consequently a program of seed re- introduction is
necessary for furrowing to realise its true long term benefit.

In 1987 a series of field experiments investigated the effectiveness of a
number of seed placement sites in relation to various furrow zones shown in
Figure 2.

The initial experiment involved sowing seed of Atriplex, Maireana and
Eragrostis species in the major furrow zones. The experiment was repeated at
three locations having different soil types and erosion status. Equal
quantities of seed were sown by hand in 12 rows. Results were measured as
seedlings established by row as percentage of total seedlings established
(Figure 3).
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Figure 2. Seed placement in relation to furrow zones.

Though not always the site of highest establishment, the positions on the
sides of the windrow were consistently favourable to establishment, that is
rows 4, 6, 8 and 10 are superior as primary seed placement sites. Other zones
e.g. rows 3, 11, and 12 which also showed favourable establishment are likely
to act as sites for secondary seedling establishment.
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Figure 3. Seedling establishment by row as a percentage of total
establishment (average of all sites).

In addition further investigations of furrow zone establishment were
undertaken. Seed sown by hand at the high water mark of ponded furrows (which
had received rain the previous day) also germinated successfully. These
results and observations of favoured zones of natural revegetation led to the
development of the furrow shelf seeder. The shelf is created by the addition
of wings to the furrow delver which shifts the furrow windrows horizontally,
approximately 100 to 150 mm away from the furrow (see Figure 4.) The old
ground level is usually covered by 15 to 25 mm of ploughed soil and seed is
dropped onto this shelf and lightly covered with soil using trickle chains.
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Figure 4. Cross section of furrow shelf.

A second set of replicated field experiments were initiated in October 1988
and February 1989 to:

investigate the suitability of three sowing methods /niches in relation
to the furrow for direct seeding, i.e. broadcasting of seed over the
entire furrow surface, hand sowing into the niche on the windrow (rows 6

and 8 from the previous trial), and the furrow shelf seeder.

evaluate the usefulness of permethrin (Hortico, ant, spider and
cockroach surface spray residual insecticide) as an ant repellant seed
treatment.

evaluate the furrow shelf seeder currently being used by the N.S.W. Soil
Conservation Service at Broken Hill, i.e. the furrow shelf seeder.

Species used in these trials were low bluebush Maireana astrotricha, old
man saltbush Atriplex nummu.laria and bladder saltbush Atriplex vesicaria.

Methodology

Laboratory tests were made to determine the viability of 50 g seed samples.
This involved:

' weighing a grab sample of seed from hand collected seed from local seed
sources.removal of all non seed material and weighing the pure seed.
' estimating the percentage of pure seed in sowing samples.
'estimating the 100 seed weight in the bract (average of 400 seeds).
determining the percentage of filled bracts by removing bract and counting
whole germinable seeds.
' testing the germination percentage from 2 x 25 seeds removed from bracts and
grown on cotton wool at room temperature.
'estimating the number of viable seeds in each 50 g sample.
repeat for samples treated with permethrin at approximately 30 ml of 3 g/1
permethrin 25/75 per 50 g seed sample.

The results of these tests are shown in Table 1.
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Table 1. Germination and seed viability test result

Average % clean % Germination No. of
Species in bract seed /50 Filled % viable seeds

100 seed gram bracts per 50 gram
weight sample sample

Maat (p) 1.585 91.20 94.30 88 2387
Maat (u) 1.585 91.20 94.30 52 1411
Atvc (p) 1.828 69.98 84.75 54 876
Atvc (u) 1.828 69.98 84.75 78 1265
Atnm (p) 0.538 83.20 81.96 16 1014
Atnm (u) 0.538 83.20 81.96 40 2535

Each individual trial was established as a 4 x (3 x 2) replicated experiment.
Fifty gram samples of seed were sown along sections of furrow marked by
numbered pegs. Each row of seeds represents one replicate. Four replicates
were made of seed sown by three methods and two treatments, giving a total of
24 sites per trial. However at Pine Point this design was not implemented due
to operator error. Six replicates were sown using the furrow shelf seeder
whereas only two replicates were hand sown and four were broadcast.

Furrow shelf seeder sites were established using the sowing machinery attached
to the Soil Conservation Service furrowing plough. For broadcast and hand sown
samples the seeder was disconnected and the shelving wings removed to create
conventional furrows. Seed was then hand broadcast or hand sown along the
conventional furrow.

Hand sown seed was placed in the favourable mid windrow zones identified in
the original investigations at K Tank, Appin and Fowlers Gap. Hand sowing
enabled reasonable control of sowing depth.

Broadcasting seed was chosen to represent a base level method of
establishment. In the past broadcasting of seed over furrows has had very
little response. The testing of an ant repellant was seen as a way of
overcoming at least one of the limiting factors involved in establishment.

RESULTS

The effect of using permethrin in a miscible oil solvent is evident in these
results, as germination percentage of M. astrotricha increased whereas the
effect was negative for both the Atriplex species studied. The variation in
germination percentage had a marked effect on the number of viable seeds
estimated to be in each sowing sample. These estimates were used to calculate
the trial results (Figure 5).

Treatment of seed with permethrin generally resulted in a positive effect on
the number of seedlings established as a percent of viable seed sown
(NOSEPOVSS) and also on the actual number of seedlings established. This was
despite the effect of treatment on the viability of seed indicating that
removal of seed by harvesting ants was a significant factor in the trial.

Seedlings were observed in all sown furrows regardless of niche or seed
treatment. The Pine Point untreated seed of both Atriplex species sown by the
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furrow seeder out performed both other sowing methods. However, this
relationship was not born out for M. astrotrícha. Also at Glenora the results
showed that for both treated and untreated seed of all species, hand
(precision) sowing into the niche on the side of the furrow windrow enabled
establishment superior to either the furrow shelf seeder or broadcasting of
seed.

When seed was treated with permethrin the furrow shelf seeder gave a similar
performance to broadcasting at both sites.

When seed was not treated the furrow shelf seeder performed at least as well
or better than broadcasting, indicating some difference in seed removal by
ants due to seed burial.

Pine Point Station

f, seeder
® broadcast
IN hand sown

maat/p maat/n atnm/p atnm/n atvc/p atvc/n

Species/treatment

Figure 5A. Seedlings established as a percentage of viable seed sown.

Glenora Station

f, seeder
® broadcast
® hand sown

maat/p maat/n atnm/p atnm/n atvc/p atvc/n

Species/treatment

Figure 5B. Seedlings established as a percentage of viable seed sown.

NB. n = untreated, p = permethrin, atvc = A. vesicaria, atnm = A.
nurnmularía, and maat = M. astrotricha. NOSEPOVSS = Number of seedlings
established as a percentage of viable seed sown.
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DISCUSSION

As a result of recent technological improvements, contour furrowing has become
the accepted method of reclaiming sheet eroded areas in semi -arid far western
New South Wales. Landholders in the Broken Hill district now support a full
time commercial reclamation scheme.

The Broken Hill Land Reclamation Demonstration Program commenced in 1986 as a
four year investigation and demonstration program with the following
objectives: develop contour furrowing technology; demonstrate the technology
to landholders; make available the resources necessary for widespread
implementation of the program.

The contour furrowing /reseeding system developed under this program has
improved the potential for reclaiming sheet eroded areas in semi -arid
rangelands by: improving poor soil conditions; harvesting runoff; and by
taking advantage of both direct seeding and natural regeneration. The
improvements in mouldboard design and ripper tyne configuration have created a
furrow which has the ability to control runoff by ponding water and allowing
rapid infiltration of moisture into the soil profile by ripping (4).

Observations of regeneration of contour furrowed areas indicated the need for
development of direct seeding technology in areas where a natural seed source
was inadequate.

The seeding trial results and field evaluation suggest there are a number of
factors required to increase establishment rates from direct seeding. These
factors include: the sowing of seed in the optimum furrow zone; the accurate
(precision) placement of seed; the application of ant repellant to the seed
prior to sowing; and the need to sow a range of species each of which can be
expected to respond to rain falling at particular times of the year.

Each furrow zone has a specific micro -environment which will affect the
establishment of desirable perennial rangeland species from seed. The primary
sites of seed establishment were identified as the position on the side of the
furrow windrow. While the micro -environment in each furrow zone changes with
each rainfall event and ponding frequency, the windrow sides gave most
consistent results and have therefore been chosen as seed placement sites.

The furrow zone 7 (Figure 2) is unsuitable due to flooding, and zones 5 and 9
are unsuitable due to expected salt accumulation at these points. The
establishment rates from the hand planting of seed was consistently higher
than broadcasting or furrow shelf treatments. These results indicate the
benefits of placing seed accurately (precision seeding) and at a consistent
depth. The following modifications to the furrow shelf seeder are expected to
improve the establishment rates:

articulation the mouldboard and shelf seeder. The mouldboard and shelf seeder
used in the trials would not form the desired shelf unless the tractor and
implement were operating in a straight line. To maintain consistent shelf
characteristics the mouldboard and shelf seeder will need to be articulated.

a hydraulic seeder drive has replaced the ground drive mechanism to ensure
constant seeder operation.

a seed cleaner is being installed to reduce the blocking of seed boxes by
debris and ensure constant delivery of seed.

254



a press wheel will be added to provide greater soil to seed contact, to
reduce the slumping of the windrow onto the shelf, and to form a shallow "v"
shaped niche on the shelf.

Further trials are required to determine the optimum position of the furrow
seed shelf in relation the windrow.

Due to the uncertainty of rainfall in the Broken Hill district seed sown in
any reseeding program may be required to remain on the ground or in a niche
for quite long periods before establishment can take place. Greenslade (5) and
other workers have identified harvester ants as having "the potential to
adversely influence revegetation through their effects on seed banks.
Elaiosome collectors on the other hand especially species of Rhytidoponera,
may be beneficial by accelerating the process of plant dispersal and
establishment."

Campbell and Gilmore (6) in their work on area aerial sowing of pastures
identified two low toxicity chemicals permethrin and bendiocarb for use in
protecting surface sown seed from removal by harvester ants.

Permethrin acts as an anti - feeding mechanism preventing the removal of seed by
ants. Ants will pick up the seed and then discard it. Bendiocarb on the other
hand is taken back to the nest and consumed killing the ants. As ants tend to
eat their own dead the chemical is soon spread throughout the nest effectively
killing all the adults in the nest. Bendiocarb breaks down after about 10 days
and ant eggs that hatch after this period will re- establish the nest.

Permethrin has a long lasting residual activity and is not readily broken down
by either sunlight or contact with the soil. Claims by the manufacturer
indicate that it will remain effective for a period of at least three months
and possibly longer. Permethrin was chosen for these experiments on the
grounds that it has a high LD50 (approximately 1500 mg /kgLW), it is long
lasting and is unlikely to have any detrimental effect on elaiosome collector
species of ants.

Campbell and Gilmore (6) found that using permethrin in a miscible oil solvent
had a detrimental effect on the germinability of phalaris and subclover seed
but no detrimental effect if applied as a wettable powder. The results
presented here also show the adverse effect on germinability for the two
Atriplex species, of using permethrin in a hydrocarbon solvent. Further tests
are required to assess the affect of permethrin on the germination of chenopod
seed when the chemical is in a wettable powder form.

Treatment of seed with permethrin generally resulted in a positive effect on
the number of seedlings established per viable seed sown and also on the
actual number of seedlings established. This was despite the effect the
treatment had on the viability of seed which indicates that removal of seed by
harvesting ants was a significant factor in the trial.

The development of mouldboard technology has increased the effective life of
the furrows to over 10 years. During the first one to two years it is expected
that primary establishment of desirable perennials will occur on the windrows
which elevate the seedbed above the flooded zone. After a period of
approximately two years soil changes such as increased infiltration, a
decrease in salinity and surface cracking in the ponded zone will allow
secondary establishment of perennial species. Over a 10 year period the
established perennials can be expected to set seed and volunteer successfully
on a number of occasions increasing'the overall sward density. Towards the end
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of the effective life of the furrow, the desirable vegetation is expected to
be well established, no longer requiring the furrow for water harvesting or
other purposes.

As a result of an evaluation of a number of survey techniques, the need for
accurate and continuous survey was recognised. Furrows not on the contour
reduced revegetation at high points and resulted in breaching of furrows where
runoff became concentrated at low points. It was recognised (4) that furrows
surveyed accurately and continuously on the contour, ponded the maximum amount
of water.

To increase accuracy and reduce the labour requirement of other survey
techniques the tractor mounted laser survey system was developed. This survey
system has operated successfully for over three years enabling the furrowing,
surveying and direct seeding to become an efficient one pass operation.

CONCLUSION

The commercial application of contour furrowing /reseeding technology in the
Broken Hill district is a direct result of: improvements in mouldboard design
and ripper configuration; the development of the laser survey system; and the
development of direct seeding technology. For successful reclamation of sheet
eroded semi -arid rangelands, the application of this technology has most
effect in the context of property and paddock strategy planning (2).

The cost of reclamation technology is an important factor with contour
furrowing earthworks and laser survey currently costing $10 per hectare (100%
tax deductible). The availability of volunteers for collection of "local" seed
and the efficiencies gained by shifting plant and equipment within landholder
groups has made the commercialisation of the contour furrow /reseeding program
possible.

ACKNOWLEDGMENTS

This work was funded by the Soil Conservation Service of NSW under the Broken
Hill Land Reclamation Demonstration Program.

The authors wish to thank Mr Peter Botten of Corona Station and other
landholders for their co- operation and assistance in the development of survey
and seeding trials. We also wish to thank Mr Peter Campigli for his
contribution in the engineering of the machinery modifications outlined in
this paper. The assistance of Mr Kym Holbrook and Mr Phillip Pese is also
gratefully acknowledged.

REFERENCES

1. Rhodes D W, Ringrose -Voase A J (1987). Changes in soil properties during
scald reclamation. J Soil Cons. NSW. 43:2, pp84.

2. Tatnell W A (1990). Direct seeding and natural regeneration of sheet eroded
semi arid rangeland. Greening of Australia 'Sowing the seeds' Conference
proceedings. Adelaide May 1990.

3. Salmon J (1987). Development of survey techniques for laying out
waterponding banks. J Soil Cons. NSW. 43:2, pp91 -93.

256



4. Tatnell W A (1989). Reclamation strategies for degraded rangeland contour
furrowing and waterponding. International Symposium on Arid
Zone Resources and Environment. Hohhot R.P.China 1989.

5. Greenslade P J M (1987). Ants and scald reclamation by waterponding. J Soil
Cons. NSW. 43:2, pp78 -79.

6. Campbell M H, Gilmore A R (1979). Reducing losses of surface sown seed due
to harvesting ants. Aust. J Exp. Agric. Anim. Husb. 19:706 -711.

257



GRAZING MANAGEMENT AND ANIMAL PRODUCTION ON RANGELANDS ON
THE NORTHERN SLOPES AND TABLELANDS OF NEW SOUTH WALES

R.D.B. Whalley, University of New England, Armidale, NSW 2351
G.M. Lodge, NSW Agriculture and Fisheries, Tamworth, NSW 2340

INTRODUCTION

The probability of soil water being available is about equal in summer and
winter on the Northern Tablelands while on the western part of the Northern
Slopes the winter probability is somewhat higher (1). On the other hand,
winter temperatures in both regions limit plant growth so that summer pasture
production is considerably higher than winter, even with frost tolerant
grasses and legumes (1;2). In addition Aristida ramosa R.Br. is a widespread
dominant grass on the Northern Slopes and parts of the Northern Tablelands
and estimates of the cost of fleece contamination by its seeds range from
$1.88 per sheep averaged over the years 1982 -1984 from 220 properties in the
Tamworth -Manilla -Barraba district to $3.60 per sheep from one property near
Barraba in 1988/89 (3). In addition, properties with heavy infestations can
only carry around 3.5 DSE per ha compared with about 6 per ha on equivalent
country that does not have wiregrass.

Dramatic reductions in the abundance of A. ramosa and increases in the more
valuable Danthonia linkii Kunth have been produced in small scale experiments
with heavy summer grazing (4). The next step was to apply this approach to
commercial paddocks and to examine the effects of heavy summer grazing on
natural pastures on the Northern Tablelands.

PASTURE COMPOSITION CHANGES IN A COMMERCIAL PADDOCK

Burning plus heavy summer grazing was applied to a 40 ha paddock in the
spring of 1985 and heavy summer grazing continued for the next three years at
"Wairuna" near Barraba. The A. ramosa was virtually eliminated and replaced
by D. linkii while there was little change in the adjacent, normally grazed
paddock (Fig. 1) .

16

14

p 12

.(70 10
o
Q. 8

E
6

U
4

04!

0

A.ramosa Heavy Summer Grazing

A. ramosa Normal Grazing

® D.linkii Heavy Summer Grazing

D.linkii Normal Grazing

Aug. 1985 Nov. 1986 June 1987 Nov. 1987

Figure 1. Changes in percentage composition of Aristida ramosa and Danthonía
linkii in response to heavy summer and normal grazing at "Wairuna" (adapted
from (3)) .

HEAVY SUMMER GRAZING ON THE NORTHERN TABLELANDS OF NSW

"Marinka ", Walcha Road, was taken over by the Fleming family in January 1964
consisting of 809 ha of sparse pastures dominated by Bothriochloa macra
(Steud.) S.T. Blake. After several years, a management strategy was evolved
which attempted to match stock numbers with pasture production, that is,
heavier summer grazing than winter (Table 1). The aim was maximum production
with minimum inputs and, after the first seven years, superphosphate was only
applied in four of the next thirteen years.

258



Total farm production was greatest in the good years 1975 -1978 inclusive with
over 30 kg of wool, 1.5 lambs and 0.07 calves being produced per hectare each
year. Production decreased after 1978 with the onset of dry years and the
property was sold in 1984.

Table 1. Rainfall, superphosphate application, summer and winter stocking
rates and production from a 809ha property near Walcha, NSW from 1964 to
1983.

Rainfall
(mm)

Super
(kg /ha)

Summer
stocking
DSE /ha

Winter
stocking
DSE /ha

Wool Lambs
produced produced
kg /ha no. /ha

Calves
produced Mohair
no. /ha kg /ha

1964 833 126 - 3.3 - - -

1965 446 126 3.5 5.1+ 14.4 - 0.03 -
1966 799 140 5.2 4.4 18.0 0.02
1967 574 132 4.6 5.7 20.0 - 0.03 -
1968 757 126 6.8 5.3 29.9 0.03
1969 874 94 6.6 5.7 27.0 - 0.04 -
1970 795 82 7.0 5.9 32.8 0.04
1971 816 - 6.9 5.5 25.2 - 0.02 -
1972 631 - 7.7 5.9 31.8 - 0.04 -
1973 846 145 8.4 6.7 24.7 0.57 0.08
1974 616 199 8.4 6.2 28.2 0.58 0.05
1975 699 - 9.6 6.8 34.9 1.24 0.06
1976 831 - 10.2 7.7 34.1 1.24 0.07
1977 861 61 10.4 7.4 29.8 1.28 0.07 -
1978 957 - 10.6 6.9 32.4 1.66 0.06 0.01
1979 581 114 10.5 7.0 26.9 1.63 0.07 0.05
1980 566 9.7 5.9 26.0 1.71 0.03 0.08
1981 687 - 7.2 3.9+ 20.3 1.13 * 0.10
1982 485 - 6.2 4.6 16.9 1.42 - 0.20
1983 943 7.4 4.8 24.2 1.43 - 0.42

* Cattle sent away on agistment.
+ Fed during winter.

Over the 20 year period, the grass component of the pastures became much
denser and leafier with a greater proportion of yearlong green grasses such
as Danthonía pilosa and Danthonia racemosa. The sheep camps expanded and
became valuable sources of feed in the late winter -early spring period.

CONCLUSIONS

Heavy summer and light winter grazing pressure on natural pastures on the
Northern Slopes and Tablelands has substantial benefits. In the extreme it
can be used to reduce the abundance of A. ramosa and increase the abundance
of D. linkii and over a whole property, produce the maximum returns from a
low input - low return system.

ACKNOWLEDGEMENTS

The provision of data from "Marinka ", Walcha Road by Mr J.P. Fleming is
gratefully acknowledged.

REFERENCES

1. Lodge, G.M. and Whalley, R.D.B. (1989). Native and natural pastures on
the Northern Slopes and Tablelands of NSW. NSW Agric. & Fish. Tech.
Bull. 35.

2. Robinson, G.G. and Archer, K.A. (1988). Agronomic potential of native
grass species on the Northern Tablelands of NSW. 1. Growth and herbage
production. Aust. J. Agric. Res. 39, 415 -23.

259



3. Thompson, M. (1989). Wiregrass management. NSW Grasslands Society
Conference, Tamworth, February 1989. 78 -82.

4. Lodge, G.M. and Whalley, R.D.B. (1985). The manipulation of species
composition of natural pastures by grazing management of the Northern
Slopes of New South Wales. Aust. Rangel. J. 7, 6 -16.

260



SURVEY OF THE GRAZING PRODUCTION SYSTEM OF SOFT RED COUNTRY IN
NORTH WEST NSW

G Curran

Senior Rangeland Veterinarian, NSW Agriculture & Fisheries, Cobar

INTRODUCTION

The soft red country of north west NSW has a developing woody weed problem.
NSW Agriculture & Fisheries is assisting graziers to find ways of preventing
or controlling encroachment.

AIM

A survey sought to gauge the impact of woody weeds and gain a better
understanding of production levels, strategies and shortcomings of grazing
production systems of the soft red country.

DESIGN

Of the 226 properties in the study area, 65 were chosen at random. Face -to-
face interviews were undertaken on 55 properties whose owners agreed to
participate.

Producers were asked about:

* flock structure and dynamics in an average year
- numbers of sheep in particular classes
- sales and purchases by class of sheep

Lambing averages were also used to generate the flock structure, and to check
estimates of sheep numbers in the various classes.

Estimates of deaths from various classes were possible, as stock brought into
the flock must either be sold or transferred, or die on the property. To
illustrate, in a flock where some 4,000 lambs were marked on average, the only
purchases were 30 rams, and 2,500 sheep were sold each year, it can be
estimated that about 1,500 sheep died on the property each year.

* Sheep shorn and wool produced * Sheep and cattle
in 1988/89 numbers

* Lamb marking * Average rainfall
* Paddocking and waters * Broad soil and
* Woody weed cover vegetation types
* When major operations were undertaken

Measures of production were prepared for each property:

* Wool cuts
* Lambs marked
* Paddocks and waters

* Sales
* Deaths
* Stock numbers

The above measures were expressed as indices per units of land or units of
stock.

These were compared with major influences on the production system:
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* average rainfall
* % dense woody weed cover
* stocking
* type of country

OBSERVATIONS

* Relationships between productivity and woody weed cover are complex, varying
between areas. For example, while productivity declines in some areas as
woody weed cover increases, in other areas productivity appears to be
independent of woody weed cover.

* Relationships between productivity and other factors such as stocking and
rainfall are complex. Stocking does not necessarily decline with lower
average rainfall as might be expected.

* Dense woody weed encroachment in the soft red country is more extensive in
the higher rainfall areas in this survey.

* Some people appear to be able to maintain productivity in the face of woody
weed encroachment, while others do not. Strategies for dealing with the
environment vary considerably.

* Reduced stocking is not always associated with improved productivity on a
per head basis.

* Properties with dense woody weed cover have a higher turnover of owners.

* Lamb marking percentage plays a major role in flock structure and average
flock death rates. Properties with poor lamb markings often sell few sheep,
have more wethers and older sheep, and allow sheep to die on the property,
creating high mortality rates.

* Calculated death rates in flocks are often high

* Answers in the survey were often highly subjective. Production records are
often lacking in detail, or not available in a meaningful and readily
retrievable form. Understanding of flock structure, dynamics and productivity
appears to vary greatly between producers. Inter -relationships between
components of the production system could be better understood.

* Productivity could be improved by increasing lamb marking percentage, wool
cuts or sales, by reducing death rates, by changing flock structure or the
timing of operations.

* Graziers appeared to have no definite knowledge of what sheep were eating.
They appeared to equate the pasture that could be seen with the likely diet of
their sheep.

* There is a need for a simple objective system to allow producers to readily
monitor and direct the entire production system. Lamb marking percentage,
stocking rate and wool cuts alone are inadequate measures of a property's
functioning.
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STOCKING RATES AND SHEEP PRODUCTION IN FAR WESTERN NSW

D.A.Roshier

NSW Agriculture & Fisheries

With the notable exception of Morrissey and O'Connor(1) objective animal
production data from commercial properties in the semi -arid rangelands is
rarely available. Consequently many assumptions are made about the nature of
wool and lamb production in semi -arid environments. This often results in
simplistic conclusions about the effects of stocking rates and the options
available to managers for improving the productivity of their flocks.

I have analysed historical production records from 12 properties in the
Broken Hill area. There are large differences between properties in average
stocking rates and year to year variation in stock numbers (see Table 1).
However, annual within property variation in woolcuts per head is generally
independent of -short -term changes in stocking rates. Rainfall accounts for
50 -70% of the annual variation in woolcuts on most properties whether they
are in good or poor condition, lightly or heavily stocked or on chenopod or
mulga landsystems. This relationship is a non -linear function of the form:

y=aexp( -b /x) where y =wool /head, x =rainfall

This function was significant on 64% of the properties.

Table 1. Property stocking rate and production averages.

Landtype ha /DSE Wool /ha Wool /hd Lambing %

a Saltbush 4.3 (24) 1.1 (23) 6.5 (10) 87 (33)
b Saltbush 4.0 (9) 1.0 (16) 6.4 (12) 76 (18)
c Mulga 8.5 (83) 0.8 (53) 7.1 (13) 77 (28)
d Saltbush 3.4 (26) 1.2 (25) 6.0 (14) 90 (12)
e Saltbush 4.2 (21) 1.0 (29) 6.1 (15) 67 (31)
f Bluebush 4.5 (21) 1.1 (19) 6.4 (19) 82 (31)
g Mulga 3.3 (15) 1.4 (19) 6.7 (8) 82 (18)
h Saltbush 4.4 (52) 1.0 (37) 5.6 (20) 72 (14)
k Mixed 3.5 (26) 1.2 (25) 6.2 (16) 63 (40)
m Saltbush 3.3 (53) - - 81 (18)
n Saltbush 5.1 (15) 0.9 (23) 6.5 (20) 89 (17)
o Saltbush 3.6 (21) 1.2 (14) 6.8 (6) 67 (33)

* value in brackets = coefficient of variation.

Relationships between stocking rates and wool production at the property
level vary with circumstance. Property 'h' has average longterm stocking
rates but high (53 %) year to year variation in numbers. It also shows a

significant positive relationship between stocking rate and woolcuts per
head. During the 1982/83 drought stock numbers were reduced primarily through
losses and woolcuts dropped significantly (6.4 to 4.0 kg /hd). Better seasons
since then have lifted wool cuts (7.3 kg) and flock numbers. Property 'b' has
average stocking rates and low year to year variation (9 %) yet woolcuts show
a significant negative response to stocking rate. These effects were
dependant on rainfall. However, on property (k), stocked at least 25% above
the sample average, stocking rate alone had a significant negative impact on
woolcuts per head, accounting for 22% of the annual variation.
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Lamb marking percentages were analysed against three monthly rainfall periods
from 12 months prior to joining up to the lambing and lactation period of the
ewe. Half of the properties analysed showed significant relationships with
rainfall for the periods between joining and when ewes had young lambs at
foot. The significance varied but accounted for up to 63% of the observed
annual variation (property 'b'). On all properties showing no relationship
between lamb marking percentage and rainfall both longterm stocking rates and
year to year variation in numbers were average or above average. This
suggests that a threshold level of nutrition of the ewe and/or rams needs to
be reached before improving seasonal conditions can be expressed in more
lambs being marked.

DISCUSSION

The effect of rainfall, stocking rate and pasture condition on animal
production through short -term limitations of available forage and longterm
changes in pasture biomass and composition are well recognised (2). However,
in semi -arid environments these effects may vary in direction and magnitude.
At the stocking rates typical in this area significant effects are seen only
at the extremes of management. That is, for relationships between animal
production and management to be significant particular criteria of rainfall,
stocking rate and pasture condition need to be met (3). The relationships
between the variables across these various criteria appear not to be
constant.

The "state- and -transition" model of Westoby et.al. (4) provides a framework
for understanding ecological processes in semi -arid environments. The same
framework may be as important to our understanding of animal productivity and
management options for improving that productivity.
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ROTATIONAL GRAZING MANAGEMENT FOR RANGELANDS

R.W. Condon, Rangelands Consultant, Yowie Bay NSW
B.M. Alchin, Rangelands Consultant, Toowoomba Qld

INTRODUCTION

Grazing management in arid rangelands has traditionally involved extensive
areas with continuous stocking. In this context, grazing management has been
mainly through alterations to stocking rates. However, regardless of
stocking rate, continuous grazing results in selective grazing and pastures
being overgrazed but underused.

Significant variations to continuous grazing could not be considered until
recently because of stock handling costs. However, innovations have permitted
the use of more intensive grazing management termed "rational grazing ".

ROTATIONAL GRAZING

Rotational grazing (RG) is a long researched approach to grazing management
(1). However, consideration of it for rangelands is relatively recent. It

is generally viewed as part of the the "Whole property management" approach -
involving the land resource, livestock and economics.

RG is grazing management which endeavours to maximise pasture viability and
productivity by grazing it relatively intensively for short periods of time.
The grazing periods are mainly (but not only) determined by the growth stage
and growth rate of the pasture plants (2).

In arid areas, where pasture growth is largely determined by individual
rainfall events and where grazing areas are large, the periods of grazing and
rest relatively long.

It is important to recognise the difference between stocking rate and
stocking pressure. The former is simply a numerical figure of animals per
unit area whilst the latter is a measure of the impact of the stock numbers
in relation to the time they are on a pasture.

The concept of RG has been commercially tested by several pastoralists in NSW
and Old.

SOUTH -WESTERN OLD EXAMPLE

Mr D. Banks, has employed RG management since May, 1987 on "Mirramindi"
(Dirranbandi). The property covers 5500 ha of open to moderately timbered
country supporting windmill grass ( Chloris truncata) and corkscrew grass
(Stipa variabilis) dominant pastures. Buffel grass (Cenchrus ciliaris) was
also present in some areas.

The property has been divided into eight paddocks, ranging in size from 280
to 1000 ha and grazed by one mob of 4500 wethers which spend one to two weeks
in each paddock.

The following are preliminary observations:-
* at the end of a grazing period: -

approximately 60% of the above ground biomass of all native grass
plants had been grazed.
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buffel grass was grazed uniformly with regrowth regeneration
(contrasting to continuously grazed pastures).
*all forbs had been grazed to varying degrees (including galvanised
burr (Sclerolaena birchii)).
previously unbrowsed belah was browsed to 1 m above ground level.
*sandalwood (Eremophila mitchellii) was lightly browsed.
nepine (Capparis lasiantha) and white cypress pine (Callitris
glaucophylla (to 1 m high) were heavily browsed.

The observation on grazing is probably the most important - contrasting with
nearby areas which are continuously, but conservatively grazed. They confirm
that a large number of stock per unit area for a short period have a wider
dietary intake than those under conventional management. The increased
browsing of woody weeds may also provide the opportunities for economical
implementation of control techniques (3).

FUTURE DEVELOPMENTS

There is a need to review our perspective on the place of livestock in
rangelands - they must not be perceived as a "necessary evil ", but rather a
source of productivity which can not only profitably utilise the pastures,
but which can also contribute positively to rangeland conditions. Changes in
grazing systems require increased management expertise. However, the
refinement and application of RG will provide pastoralists with the
opportunity to increase livestock productivity whilst demonstrating land
management expertise.
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ECONOMIC MONITORING PROJECT : WESTERN QUEENSLAND

P. Newman, Agricultural Economist, QDPI Longreach
W. Winter. Farm Financial Counsellors, QDPI Barcaldine

AIMS

The aim of this programme is to review and analyse current and past economic
performance data for grazing enterprises in Western Queensland. The data
gathered will then be used as a basis for ongoing monitoring and applied in
extension and research programmes.

Specific aims are to:

(a) Derive whole property profitability indicators such as generation of cash
surplus, equity levels, return on capital, return on labour and gross margins.

(b) Compare results:
Between 'different size holdings within and without the different regions

surveyed.
Between individual businesses and the district average.

(c) Analyse variability of whole property performance indicators over time.

(d) Calculate stocking rates and changes in these over time.

(e) Form a basis for assessing the effect of stocking rates of profitability.

(f) Determine minimum viable holdings for different resource regions and their
relationship to debt levels.

(g) Assess grazier perceptions in relation to issues such as long term viability
and life aspirations.

METHODS

The project comprises two phases. The first will involve sampling and analysing
a number of properties over one year to establish financial records for the
previous four years. The second phase will involve ongoing monitoring of
selected properties within each resource area.

The region has been divided into three resource areas and properties in the area
have been categorized according to land type and size.

Properties within each region were selected for survey by stratified random
sampling. Phase 1 of the project involves surveying approximately 80 producers -
about 27 from each region (three stratas with nine producers in each).

The questionnaire is being administered using personal interview and results are
being stored on a database.

WORK TO DATE

Pilot surveys have been completed and part of one region has been surveyed.
Preliminary results are shown on the accompanying poster.

APPLICATION OF RESULTS

It is envisaged that results from the survey will have a range of applications.
These will include:

Feedback to producers.
Representative data for use by agribusiness.
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Information for government agencies to assess the implications of policy and
research.
Basis for ongoing monitoring especially in areas relating to sustainable

resource utilization.
Form a basis for analysis of risk associated with grazing industries in the

region.

CONCLUDING REMARKS

There is a lack of published information on the profitability of grazing
industries in western Queensland. It is hoped that this project will provide
such information and place us in a better position to comment on the financial
health of these industries.
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FARM BUSINESS MANAGEMENT EXTENSION PROJECT: WESTERN QUEENSLAND

W Winter, Farm Financial Counsellor, QDPI Barcaldine
P Newman, Agricultural Economist, QDPI Longreach

AIMS

The aim of this programme is to increase the level of financial skills among
producers in western Queensland, thereby enhancing profitability and
sustainable production in the region.

Specific aims are to:

(a) Help prevent liquidity problems among producers.

(b) Increase the effectiveness of drought management strategies and as a
consequence help reduce stocking pressure on fragile rangelands.

(c) Enable fuller utilisation of existing financial services.

(d) Facilitate greater control over income and cost variability through
accurate budgeting.

(e) Improve communication between producers, agribusiness and extension
staff.

(f) Encourage more rapid assimilation of ideas, technology and research.

(g) Foster comparative analysis and evaluation of different management
strategies and enterprises.

(h) Help relieve personal and marital stress among producers.

(i) Foster better decision making on -farm.

(j) Improve profitability and ensure more sustainable resource
utilisation in the sheep and cattle industries of western Queensland.

PHE NEED FOR SKILLS

there is a perceived lack of financial skills among producers in western
lueensland. This is borne out by producer feedback during the course of
counselling and extension work, and by results obtained from a QDPI Needs
Survey conducted in 1988. A survey following up this work is currently being
undertaken to determine which financial skills are most important to
producers. Results will be collated and used to change the content of the
programme according to producer needs.

FARM BUSINESS MANGEMENT PROJECTS

The programme comprises six extension projects. These are:

(a) Financial skills needs survey.

(b) Financial management workshops.

(c) Small working groups.
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(d) Feedback to extension officers.

(e) Agribusiness days.

(f) Implementation of a farm secretarial service.

PROGRESS TO DATE

At the time of writing, financial management workshops had been run across
western Queensland and as a result small working groups of neighbouring
producers have been formed to further enhance financial skills.

A financial needs survey is being run concurrently with these workshops to
help gauge which skills are most important to producers. Programme content
is continually being revised in response to the results of this survey.

An agribusiness field day has recently been held with the aim of improving
communication between graziers and financial service personnel.

In recognition that some producers will not keep adequate financial records
a farm secretarial service is being established on a user pays basis.

Workshops have been planned for DPI technical staff to promote understanding
of financial and economic issues relevant to technical advice.

CONCLUDING COMMENT

Uptake of skills will be monitored over the next five years to evaluate the
programme in light of extension theory and practice.
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COMPLEMENTARY GRAZING OF SHEEP AND GOATS ON ACACIA NILOTICA

J.O. Carter, P. Newman, P. Tindale, D. Cowan, P.B. Hodge

Arid Zone Institute, D.P.I., P.O. Box 519, Longreach, Qld.

AIM

An experiment was designed to determine the combination of sheep and goats
needed to control Acacia nilotica subsp. indica and the economic and
biological consequences of complementary grazing.

METHODS

A combination of merino wethers and first -cross cashmere goats were grazed on
Mitchell grass (Astrebla spp.) pastures with an over story of A. nilotica.
The site was located on "Politic" north east of Aramac (AAR 462 mm).
Treatments were 20 sheep + 0 goats, + 10 goats and + 20 goats (replicated
twice). The area of each paddock was 40 ha and estimated total canopy of A.
nilotica averaged 3.3% at the beginning of the experiment late in October
1987.

Changes in plant size and canopy cover were determined by measuring the
height and canopy cover of plants in three transects per paddock. Stocking
rates as opposed to animal numbers were calculated in dry sheep
equivalents /ha (Table 1). Differences in stocking rate between years were due
do a partial destock for 82 days in 1988 and general increase in body size
over two years.

EFFECTS ON TREE GROWTH

During the first year (1988) rainfall was 239 mm and in the second year
(1989) was 575 mm. Rainfall had a major effect on the growth of A. nilotica.
During 1988 there was an 8% increase in total canopy cover in the 0 goat and
the 10 goat treatment while there was a decrease in canopy cover in the 20
goat treatment. In 1989 canopy cover increased by 66% in the 0 goat treatment
and by 105% in the 10 goat treatment and by 19% in the 20 goat treatment.

Table 1. Summarised data on changes in plant populations, stocking rates,
fibre production and economics.

0 Goats
20 Sheep

10 Goats
20 Sheep

20 Goats
20 Sheep

Canopy inc. (dec.) ( %) 87 -88 +8.3 +7.7 ( -25.4)

Canopy inc. (dec.) ( %) 88 -89 +65.8 +105.0 +19.2

D.S.E. / ha 87 -88 0.44 0.62 0.79
D.S.E. / ha 88 -89 0.60 0.89 1.13
Greasy wool /sheep (kg) 87 -88 4.3 4.3 3.7
Greasy wool /sheep (kg) 88 -89 5.8 6.6 6.2
Fibre / goat (g) 87 -88 80 95
Fibre / goat (g) 88 -89 - 85 120
Returns $ /sheep /y 87 -89 34.6 35.6 34.3
Returns $ /goat /y 87 -89 - 8.0 8.0
Total returns $ /ha /y 87 -89 18.6 21.7 21.8

Returns are for gross income averaged over 1988 and 1989
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Plants in the 20 goat treatment the smaller trees were decreased in height
with canopy often consisting of regrowth from the tree base. In the other
treatments trees became taller and had larger canopies (Figs. la and lb). It
is likely that large trees will eventually need to be mechanically pulled or
burnt to put all trees in browse range. Plant numbers in all treatments
decreased by about 40% in 1988 due to drought (mainly death of seedlings). In
1989 the 20 goat treatment showed a decrease in plant numbers in the 0 -3 m
height range whereas, there was little change in the other two treatments.
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EFFECTS ON ANIMAL PRODUCTION AND ECONOMICS.

Figures la. Stand
structure (numbers of plants
in each height class as

measured in permanent
transects) at beginning of
the experiment in 1987.

Figures lb. Stand
structure (numbers of plants
in each height class as
measured in permanent
transects) after two years
(1989) .

There was no decrease in wool production in the 10 goat treatment in 1988 or
either the 10 or 20 goat treatments in 1989, (an above average year). This
suggests complementary grazing may have occurred in the 10 goat treatment in
1988. In 1989 the situation is not clear due to a surplus of feed which
existed for most of the year. However, the trends were similar to those in
1988. In the 20 goat treatment wool production was lower in 1988 under
drought conditions compared with the sheep only treatment but returns for
their lower micron wool exceeded the yield loss. Initial data on financial
returns showed that the 10 goat treatment gave the best results for sheep and
the 20 goat treatment the best for goats and the best overall.

The experiment will continue for another two years and will be fully analysed
using a dynamic simulation model to account for the variations in rainfall
and its interactions with plant growth and effects of stocking rate. The
model will estimate how many goats would be needed for how long to control a
given cover of A. nilotica and the economics of the action considering
premiums for fibre diameter.
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AN ABORIGINAL ALTERNATIVE
THE MANAGEMENT SERVICES UNIT

R. Edwards

Western Australia Department of Agriculture, Derby

INTRODUCTION

The Fitzroy Valley is located in the Kimberley region of north west
Australia. The main form of agriculture is the extensive grazing of cattle
on vast pastoral leases known as stations. There are eighteen recognized
Aboriginal pastoral enterprises including both pastoral leases and reserve
lands.

Aboriginal ownership of pastoral leases in the Kimberley began in the early
1970s. At this time many Aboriginal people were forced to leave stations
because the cost of labour was too high.

The people moved to camps and reserves about the main Kimberley towns and
became welfare dependant and victims of the many social problems associated
with poverty, unemployment and dispossession.

Through Federal Government funding, pastoral leases have been purchased and
communities have moved back on to their homelands. The aims and aspirations
of each community vary but ownership of a cattle station is seen as security
for their homeland, as an economic base for the community, as a place of
employment and training, and often as a refuge from the social problems of
the towns.

A lot of criticism has been directed at the management of the Aboriginal
pastoral leases from within the pastoral industry. Concern has been
expressed over their "economic viability ", their ability to provide a
sustained contribution to the Kimberley cattle industry, the maintenance of
infrastructure, the accountability of the funding the risk of jeopardizing
disease, vermin and noxious weed eradication programs, and that they will
always require government funding.

In 1988, when a group of three pastoral leases in the Fitzroy Valley were
purchased by Aboriginal interests a condition of the lease transfer was that
an acceptable management system be put in place.

THE MANAGEMENT SERVICES UNIT

The Aboriginal Development Commission detailed a management strategy that
would incorporate the three leases of Bohemia Downs, Louisa Downs and Mt.
Pierre with the two previously purchased leases of Noonkanbah and
Millijiddee. The umbrella management group referred to as the Management
Services Unit, or MSU, came into being in early 1989.

The MSU provides a structure through which decisions and advice can flow in a
manner that overcomes cultural barriers such as the division of labour and
commercial barriers such as planning skills.

The MSU is headed by a board of directors which receives support from the MSU
manager, two work supervisors, the five station management committees and the
station managers.

MSU Board of Directors
The Board is made up of two members from each station. The Board makes
decisions regarding the MSU and not station matters. Issues of policy,
funding, employment ,training, and budgeting are discussed and acted on.
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MSU Manager
The MSU manager is responsible to the Board of Directors. He prepares the
budgets and funding submissions for the Aboriginal and Torres Strait Island
Commission. He provides support to the Board on fiscal matters, policy,
legislation and training.

The MSU manager also attends the station management committee meetings.

Work Supervisor
There are two non -Aboriginal supervisors: one for Noonkanbah and Millijiddee
and one for Mt. Pierre, Louisa Downs and Bohemia Downs. The work supervisor
acts as an adviser to the station management committees. He assists in
setting, supervising and monitoring work programs. He maintains station
records. He assists the station management committee and the MSU Board with
development plans and budgets. He liaises with outside agencies and
identifies training requirements.

Station Manager

The station manager is a member of the community and works along side the
Work Supervisor.

Station Management Committee
The station management committees hold meetings at least every six weeks.
The committee is made up of members of the work crew and the managers. They
are supported in their decisions by the Work Supervisor and the MSU Manager.
Decisions are made concerning individual station training needs, budgets,
policy and development.

Work Crew

The station employ full time award wage labour from the community. Temporary
or seasonal employees are funded by the Community Development and Employment
Program. The crews perform general station duties under direction from the
manager and work supervisor.

Support Services

These include the book keepers, the mechanic, and full -time Training Officer.

FUTURE OF THE MSU

Major cultural barriers block the entry of Aboriginal people into the world
of business and enterprise. Through the use of outside advisers and support
staff, and where the decision making process is being left up to the
community people, gradual changes are taking place.

The MSU Board of Directors now conduct their meetings themselves, whereas
before it was chaired from outside.

A station management committee recently sacked a member of the work crew;
this is a very serious decision with possible social and cultural
implications within the community. The committee has developed the
confidence to take decisions and act on them.

MSU members are now taking a much higher community profile. The station
managers regularly attend Land Conservation District meetings.

With the development of confidence and managerial experience much of the
criticism directed at the stations will be answered.
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PASTURE CHANGES FOLLOWING EXCLOSURE IN EASTERN SEMI -ARID WOODLANDS

A.C.Grice

NSW Agriculture & Fisheries, P.O. Box 286 COBAR N.S.W. 2835

INTRODUCTION

One important determinant of rangeland condition is the species composition of
its vegetation (1). Major compositional changes have taken place since
European settlement, the most noted being the proliferation of endemic shrubs
(2),(3). Our knowledge of changes in herbaceous species composition is less
thorough. Exclosure studies in N.S.W. semi -arid woodlands suggest that there
is potential to use grazing management to manipulate pasture composition. I
will list likely responses of the herbaceous layer to effective spelling and
discuss possible pastoral implications.

THE "SOFT RED" COUNTRY

Dune -swale systems ( "soft red country ") between the Cobar peneplain and the
Darling River floodplain support Eucalyptus - Acacia woodlands. Typically, dunes
are dominated by the long -lived Eragrostis eriopoda (4). In the swales, Stipa
nitida, Aristida contorta and Enneapogon avenaceus are the commonest grasses
though dicotyledonous annuals such as Erodium spp., Medicago spp. and
Asteraceae, often dominate.

LIKELY CHANGES IN PASTURE COMPOSITION FOLLOWING EXCLOSURE (Table 1).

1. Average above -ground herbaceous biomass increases. Much of the accumulated
material may actually be dead and contribute little to animal production.

2. The biomass of longer- lived, warm season grasses increases. In the short -
term much of this increase is from growth of existing individuals rather than
an increase in the number of individuals. This effect is especially notable
for E. eriopoda. Comparable grasses are scarce in the swales but Stipa tuckeri
and Paspalidium constrictum respond well to exclosure.

3. The less desirable shorter -lived grasses (Aristida spp. and Stipa spp.) may
at times have lower populations on ungrazed areas (not apparent in Table 1),
especially where E. eriopoda is present (5). This suggests that competition

between long -lived and short -lived grasses may be important.

4. The response of cool- season annuals is reduced by high grass biomass.

5. Perennial forbs and sub -shrubs increase. Sclerolaena diacantha responds

particularly well to exclosure.

The time frame for these changes depends upon rainfall received. The average

to above- average seasons experienced during the study period meant that

differences emerged in 1 -2 years.

IMPLICATIONS FOR ANIMAL PRODUCTION

The importance of maintaining the perennial elements of the vegetation of arid

and semi -arid areas, whether they be grasses or chenopods, is often

emphasised. There has, however, been little quantification of the relative

merits of rangeland pastures of different species compositions. Graetz was
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unable to show that animal production varied with the proportional
contribution of the perennial chenopodiaceous shrub Atriplex vesicaria (6).

The interactions between annual and perennial, and warm and cool season plants
are important when considering the possible effects of compositional change on
animal production. Perennial grasses may increase the forage available after
warm season rains but reduce the response by cool season annuals.

In central western New South Wales there have been few incentives to develop
grazing strategies that encourage the perennial grasses. Managers have
depended on the relatively reliable and effective cool season rains and
tolerated a deterioration of animal condition over the warm season. The
proliferation of woody species in the absence of fire and strong grass
competition is the deleterious result. Management should focus on how the less
reliable warm season rains are utilised.

FURTHER WORK

Research must (i) quantify the interactions between the various herbaceous
components and (ii) examine the costs and benefits, to both animal production
and land condition, of maintaining semi -arid grasslands of different
compositions. Particular attention should be given to the response of cool
season annuals to high grass biomass.

Table 1: Biomass (kg /ha) of grazed and ungrazed herbaceous components at four
sites. Ungrazed plots were exclosed for five years. ( -) not present.

Site /
treatment

Total Grasses
herbaceous

E. eriopoda Stipe spp. Annuals

1 Dune ungrazed 868 824 549 23 17
grazed 347 265 234 4 45

2 Swale ungrazed 1057 802 - 520 2

grazed 187 41 - 28 119
3 Dune ungrazed 1286 1162 906 117 41

grazed 176 167 149 18 7

4 Swale ungrazed 1213 849 - 576 82
grazed 644 429 - 378 138
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SHEEP GRAZING INTENSITY, DROUGHT AND THE POPULATION DYNAMICS OF SALTBUSH

Leigh P. Hunt

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

INTRODUCTION

A whole -paddock study of the variation in the grazing intensity of saltbush
(Atriplex vesicaria) by sheep and its effects on the plants' population
dynamics is being carried out in South Australia. The study is concerned with
the future productivity and management of the chenopod shrublands, with the
aim of maintaining perennial shrub densities. This paper summarises progress
for the first 2.5 years of the study. Data is still being collected and
analysed. Indications are that a more flexible stocking system is needed to
maintain the condition of these pastures.

MATERIALS AND METHODS

The project is located 50 km north -west of Whyalla. Mean annual rainfall is
210 mm. Vegetation is predominantly saltbush and bluebush (Maireana
sedifolia) with an Acacia papyrocarpa overstorey. Sheep are grazed
continuously at a stocking rate of 5 ha /sheep.

Grazing intensity is assessed by monitoring the loss of discreetly marked
saltbush shoots (1) on grazed and ungrazed plots at nine sites across the 1100
ha paddock. Saltbushes on these plots are mapped twice yearly to determine
mortality and recruitment rates. Frequency of flowering and seed bank levels
are also being studied.

RESULTS

Seasonal conditions

The project began in October 1987. Rainfall in that year was average. In
1988 and 1989 rainfall was 80% and 119% of mean annual rainfall respectively.
Little ephemeral herbage grew in 1988 and from September 1988 to April 1989
(considered to be a period of severe drought by locals), herbage levels were
negligible. Herbage levels in 1989 varied across the paddock from
approximately 150 kg dry weight /ha to 2,000 kg dry weight /ha.

Grazing intensity

Grazing intensity over most of the paddock during 1988 was high with
defoliation rates on grazed plots as high as 2.02% /day (97% marked shoots
removed in 48 days) during winter. Overall, site and treatment (i.e..
grazed /ungrazed) were both highly significant (P <0.001). During the same
period the mean defoliation rate on ungrazed plots was 0.17% /day (8% removed
in 48 days). At only two sites was defoliation on the grazed plots low
(0.54% /day or 26% removed in 48 days). These sites were in excess of 2.8 km
from water. This pattern of grazing continued for most of the year.

In winter 1989, following good rains, site and treatment were still
significant (P <0.001) but defoliation rates were much lower on grazed plots
than in 1988 (mean 0.48% /day). Rates for ungrazed plots were higher than in
1988 (mean 0.43% /day), possibly reflecting natural leaf replacement.

plant population dynamics

Substantial mortality of adult bushes occurred, mainly during the 1988 -89
summer, at the heavily grazed sites (Table 1). Ungrazed exclosures which
experienced heavy grazing prior to protection also suffered considerable
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mortality. Recruitment of adult plants occurred mainly during winter in 1988
and 1989 at the better condition sites, but only in winter 1989 at the poorer
sites. Because of differences in mortality and recruitment between grazed and
ungrazed plots, generally the net effect on ungrazed plots has been an
increase in plant numbers but a decrease on grazed plots. However at sites 7
and 9 which were only lightly grazed in 1988 (see above), there has been an
increase in plant numbers on both grazed and ungrazed plots.

Table 1. Mean mortality and recruitment, Oct 1987 to Mar 1990 and mean soil
seed bank levels for selected plots.
shrunken. Viability not yet tested.

"Old" seeds were
U = ungrazed,

discoloured
G = grazed

and

Site and
treatment

Grazing
levels

Original Recruitment
no. of ( %)

adults

Mortality No. fresh No. old
( %) seeds seeds

per female bush

l U 31 10 0

1 G Heavy 57 8 21 0.67 26.3

3 U 23 9 22

3 G Heavy 33 5 20 12.7 76.0

5 U 36 17 44

5 G V. Heavy 25 2 49 0.33 25.3

6 U 44 27 18

6 G V. Heavy 63 4 30 0.25 18.5

7 U 34 71 9

7 G Light 56 30 8 49.0 71.0

Low recruitment rates at some sites appear to be partly the result of the
inhibition of flowering and seed production by heavy grazing. Overall the
proportion of bushes in flower on grazed plots was significantly less (P <0.01)
than on ungrazed plots during several major flowering events. Again, sites 7
and 9 were the exception. The effects on the soil seed bank are clear.
Initial results from March 1990 are shown in Table 1.

DISCUSSION AND CONCLUSIONS

Clearly grazing has had a considerable impact on the plant population at all
sites except those that were lightly grazed. Recruitment in saltbush is
normally continuous (2) but continuous grazing appears to inhibit it. The
ability of the population to recover at the heavily grazed sites under a
continuous grazing regime seems limited.

It appears a grazing management strategy is needed which will prevent grazing
induced mortality during drought and also allow flowering and seed production
during good periods. This is likely to involve spelling at these critical
times. Without this, degradation, which can involve a change in state from
saltbush dominance to a bare scald (3), may occur.
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GRAZING PRESSURE AND PASTURE DEGRADATION

K.C. Hodgkinson

National Rangelands Program
CSIRO Division of Wildlife and Ecology,

Canberra ACT

The grazing of domestic livestock has commonly led to decline in productivity
and stability of rangeland pastures. Palatable perennial grasses decrease,
ephemeral forbs increase, and inedible shrubs invade, lowering efficiency of
animal prodcution. A severely degraded ecosystem is the extensive (1.6 M km2)
mulga woodlands (1).. This poster paper reports the grazing pressure on
perennial grasses in an eastern mulga woodland in relation to sheep density
and the consequences of high grazing pressure for plant survival, seed
production and recruitment.

METHODS

The study was conducted in a mulga (Acacia aneura) woodland at the CSIRO Lake
Mere Research Facility (30° 16'S, 144° 54'E). Vegetation and landscape were
typical of mulga woodlands (2) with three major vegetation zones associated
with the patterned sequence of geomorphic zones in the landscape: woollybutt
(Eragrostis eriopoda) grassland, bandicoot (Monachather paradoxa) grassland
and mulga woodland in the runon areas. The 204 ha site was fenced to form 13
paddocks of different sizes. Each paddock encompassed the three vegetation
zones. Seven paddocks were grazed by four or five merino wether sheep. Grazing
commenced in November 1986 with densities ranging from 0.3 to 1 sheep /ha.
Grazing pressure on mulga mitchell grass (Thyridolepis mitchelliana) was
measured in two paddocks (0.33 and 0.67 sheep /ha) during three week periods in
September 1987 and March 1988 as described elsewhere (3). Plant survival,
recruitment and panicle production were determined at two to three monthly
intervals in permanent i m2 quadrats, randomly located within the vegetation
zones in each paddock and in exclosures.

RESULTS AND DISCUSSION

The proportion of tillers grazed each week in the low sheep density paddock,
was 0.2 in September 1987 and March 1988 when pasture on offer was 101 and 140
kg /ha respectively. In the high sheep density paddock the proportion of
tillers` grazed was 0.33 in September 1987, and 0.25 in March 1988. Pasture
biomass on offer in this paddock was 26 and 49 kg /ha on the respective
occassions. Within paddocks there was no statistically significant difference
in tiller defoliation between the vegetation zones although there were 3 to 15
fold differences between zones in the pasture biomass on offer. Dung counts
confirmed that sheep showed no preference for any zone at any sheep density,
at this and other times during 1987. The relatively uniform grazing pressure
across this variable landscape during drought conditions, suggest that pasture
degradation is correlated with density of sheep and not with sheep preferences
for certain vegetation zones, such as the less sparsely vegetated woollybutt
grassland on ridges and slopes.

High sheep density for nearly two years however did not enhance the mortality
of T. mitchelliana, nor other grass species, but in 1989 some grazing induced
mortality occurred. This may be explained by: morphological adjustment under
continuous close grazing, possible lowering of grazing pressure during autumn
and winter 1988 with the abundant forb growth, and /or possible inherent
resilience of plants under heavy grazing.
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During the period end of December 1987 to the end of July 1988, above average
rainfall (488 mm) induced perennial grass and ephemeral forb recruitment in
all vegetation zones. Recruitment of T. mitchelliana was highest in the mulga
woodland and groves, and in the bandicoot grassland (5.5 and 4.0 seedlings /m2
respectively). It was lowest in the woollybutt grassland (0.9 seedlings /m2),
presumably because it was the most difficult environment for germination and
establishment (lower infiltration, high radiation) and /or there was low
availability of seed (fewer plants, seed loss in overland flow). Sheep density
did not affect the level of recruitment of this species within any zone.
T. mitchelliana seedlings often die after defoliation (4), hence they must not
have been grazed in this study. Abundant pasture on offer and the protection
afforded by larger plants would discourage grazing of seedlings.

Production of panicles throughout the 1988 autumn and winter was reduced by
grazing in proportion to the density of sheep, reaching zero panicle
production at 0.6 sheep /ha or higher. In exclosures panicle production was
highest in the mulga woodland and groves, and lower but similar in the
woollybutt and bandicoot grasslands. It is concluded that density reduction of
this and other palatable perennial grasses through overgrazing occurs because
of diminished seed production and the consequent lowering of recruitment to
sub -critical levels, especially in the woollybutt zone where recruitment
levels are normally low. Reduction in perennial grass cover in the woollybutt
zone probably leads to increased runoff into mulga groves and woodlands, (1,2)

thereby reducing the overall pasture productivity.
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SOIL DEGRADATION IN CHENOPOD SHRUBLANDS

R.S.B. Greene

CSIRO, Division of Wildlife and Ecology,
PO Box 84, LYNEHAM ACT 2602

INTRODUCTION

The chenopod shrublands provide some of the most important rangeland
pastures for sheep production in Western Australia. Stable production in
the long term requires that these pastures are maintained in good
condition. However, as a result of overgrazing, palatable chenopod shrubs
can disappear, concomitant with degradation of soil physical properties
(1,2). The potential for overgrazing to degrade soil physical properties
depends on both the past management history of the pastures and the
current stocking rates.

The effects of both these factors on soil physical properties was
investigated in chenopod shrublands in good and poor condition near
Carnarvon, Western Australia. This work was part of a collaborative
project between CSIRO Division of Wildlife and Ecology and the W.A.
Department of Agriculture, Carnarvon and was funded by the National Soil
Conservation Program.

EXPERIMENTAL

A grazing trial was commenced in August, 1983, at two 1000 ha areas within
the Sable Land System on Boolathana Station (24° 39'S, 113° 42'E),
Carnarvon, Western Australia. Five stocking rates were established in each
area.

The geomorphic units within the Sable Land System comprise level inter -
dune swales and low sand dunes with a weak NW -SE orientation (3). Red
duplex soils occur in the swales, and deep sands in the dunes. One area,
good condition, had a dense population of chenopod shrubs and the other,
poor condition, had a sparse population of chenopod shrubs due to
extensive overgrazing during the 1920s.

Field measurements of soil physical properties were made between March
1987, and May 1988, at three stocking rates (0, 0.08 and 0.40 sheep /ha) in
both the good and poor areas. In the swales, measurements were made in
bushmounds (containing Maireana polypterygia) and inter -bush areas, whilst
in the dunes measurements were made under Acacia sclereosperma shrubs and
between shrubs.

RESULTS AND DISCUSSION

Infiltration rate and bulk density measurements were made on both the
swales and dunes, whilst measurements of aggregate stability and particle
size analysis were only carried out on samples from the swales. When the
data for the properties bulk density, infiltration rate and particle size
analysis were subjected to an analysis of variance, there were no
significant effects of stocking rates. Therefore, these results are
presented as an average of the three stocking rates. As the main treatment
effect on particle size occurred with the coarse sand fraction, only this
data is presented. As there was some effect of stocking rate on aggregate
stability, the three rates are kept separate.
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Table 1. Bulk density values for the soil strata on the Boolathana
grazing trial.

Soil strata
Bulk density (0 - 5 cm) (tonnes /m3)

Swale Dune
Good Poor Good Poor

Bushmound/under-shrub 1.38 1.55 1.42 1.39
Inter -bush /inter -shrub 1.62 1.60 1.59 1.58

LSD (P < 0.05) = 0.06

Table 2. Infiltration rates for the soil strata on the Boolathana grazing
trial.

Soil strata
Infiltration rate (mm /min.)
Swale Dune

Good Poor Good Poor

Bushmound /under -shrub
Inter -bush /inter -shrub

13.7 4.1
1.3 0.9

11.9 7.0

6.7 5.0

LSD (P < 0.05) = 3.7

Table 3. Coarse sand content ( %) for the soil strata on the swales in
the Boolathana grazing trial.

Particle size
(mm)

Soil strata Condition LSD
Good Poor (P < 0.05)

0.02 - 2.0
(Coarse sand)

Bushmound 34.8 25.5 3.6
Inter -bush 25.7 22.6

Table 4. Aggregate stability values on the swales for the three stocking
rates on the Boolathana grazing trial.

Soil strata
Aggregate stability (% > 2.0 mm)

Stocking rate Condition
(sheep /ha) Good Poor

Bushmound 0 70.50 42.95
0.48 60.25 44.00
0.40 57.08 24.92

Inter -bush 0 61.72 36.13
0.48 59.29 49.88
0.40 52.04 35.94

LSD (P < 0.05 = 12.36

The bulk density, infiltration rate and coarse sand results indicate that
on the swales the intact bushmounds in the good condition area have more
favourable soil physical properties than the inter -bush soils and also
bushmounds in the poor condition area. In the poor condition area, there
is very little difference in properties between bushmound and inter -bush
soils. With the aggregate stability results, there was no difference
between bushmound and inter -bush soils in both good and poor condition
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areas. However, both the intact bushmound and inter -bush soils in the good
condition area have higher aggregate stabilities than the remnant
bushmound and inter -bush soils respectively in the poor condition area.
There was also an effect of stocking rate on aggregate stability in
bushmounds in the good and poor condition areas.

In the poor condition area, previous overgrazing in the 1920s has broken
up a coherent, cryptogamic crust that stabilizes the bushmounds and
allowed their contents to become dispersed. Therefore, there is very
little
difference between remnant bushmounds and inter -bush soils . However, in
the good condition area, the bushmounds are still very much intact, even
after four to five years grazing, and their physical properties are
significantly more favourable than those of the inter -bush soils. The
dunes appear to have been more resilient to the period of overgrazing in
the 1920s, with the under -shrub soils maintaining their more favourable
physical properties compared with the inter -shrub soils. However, there
was evidence that the infiltration rate measured under -shrubs was lower in
the poor condition area than in the good condition area.
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NUTRITIVE VALUE OF PERENNIAL GRASSES AND WINTER ANNUALS
IN THE RANGELANDS OF WESTERN NEW SOUTH WALES

S J Muir, NSW Agriculture & Fisheries, Cobar, NSW, 2835

INTRODUCTION

Livestock production depends on the quantity and nutritive value of plants
eaten by the animal. Forage availability is determined by several factors,
including pasture composition, time lapsed since last effective rainfall,
current seasonal conditions and grazing history. The nutritive value of
plants is likely to alter according to season, rain and phenological state.

In the semi -arid woodlands, annual herbages are selectively grazed by stock
when available, with perennial grasses providing feed at other times (1),(2).
Annual herbages grow in response to cool season rains while most perennial
grasses are stimulated by warm season rains. This work compares the nutritive
value of important perennial grasses and winter herbage species of the semi-
arid woodlands of western New South Wales.

METHOD

The annual herbage species collected every 10 to 14 days during winter were
Erodium cicutarium (EDCC), Medicago laciniata (MELC) and M. polymorpha

(MEPV). The perennial grasses Aristida browniana (ARBW), A. contorta (ARCT),
A. jerichoensis (ARJK), Digitaria brownii (DGBR), Eragrostis eriopoda (EGEP),
Enteropogon acicularis (ETPA), Monachather paradoxa (MONP), Stipa variabilis
(SIVB) and Thyridolepis mitchelliana (THRM) were collected every three to
four weeks when present during summer. The entire above ground biomass of at
least three plants was taken each time. Sites in the Cobar district were
revisited each sampling, which continued for a period of three years.

Samples were chilled when collected. Dry matter (DM) was determined by drying
at 60 °C for 48 hours. Nitrogen (N) was estimated using an automated Kjeldahl
procedure. Digestible dry matter (DDM) was predicted using parameters of
acid -detergent fibre and nitrogen (3). Organic matter (OM) was estimated
using a muffle furnace at 55 °C for three hours. Metabolisable energy (ME) was
predicted as ME = 0.15 DDM.

RESULTS

The least square mean of DM ( %), OM (% DM), N (% DM), DDM ( %) and ME (mJ /kg
DM) is calculated for each species over three years (see Tables 1 and 2).
Differences between species are expressed at the 95% level of significance.

Table 1: Nutritive value of selected annual herbage species near Cobar, NSW
Species

EDCC MELC MEPV

DM 27.78a 36.18b 35.11b
OM 85.43a 88.22b 89.38b
N 2.57b 3.41a 3.42a

DDM 72.17a 70.63a 71.62a

ME 10.83a 10.72a 10.77a
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Although DM and OM for the winter herbage species are different, their
nutritive value to livestock is similar. MELC and MEPV, which are naturalised
medic species, have higher N levels than the native species EDCC.

Table 2: Nutritive value of selected grass species near Cobar, NSW

Species
ARBW ARCT ARJK DGBR EGEP ETPA MONP SIVB THRM

DM 65.11ab 70.32c 66.90c 59.21ab 64.39bc 56.79a 61.64ab 67.17c 61.61abc

OM 89.84bc 86.69e 90.61ab 88.49cd 91.52a 87.68d 90.38b 90.53ab 85.94e
N 0.57e 0.89d 0.93c 1.22b 1.04b 1.51a 1.20b 1.13ab l.11bcd
DDM 44.61d 45.49d. 45.89d 48.83c 47.86c 54.47a 48.26c 51.27b 47.28c
ME 6.66e 6.74e 6.96de 7.45bc 7.20cd 8.28a 7.23cd 7.78b 7.11cde

The perennial grasses have greater variation between species than annual
herbages. Although ETPA has the highest DDM, N and ME of the grasses, it has
a much lower nutritive value than any annual species. DGBR, MONP and THRM,
which are species commonly regarded as desirable, have moderate nutritive
value. Surprisingly, EGEP is similar to these species, although it is often
regarded as a courser grass. SIVB also ranks highly, probably because it is
shorter lived than the other species, and was therefore more frequently
harvested in a fresh vegetative state. Species with the lowest nutritive
values, ARBW, ARCT and ARJK, are often considered a problem causing grass
seed contamination.

DISCUSSION

These results confirm that the grass species traditionally considered
important for pastoral stability are also desirable for livestock production.
Such species are often at low abundance in rangeland pastures and less
desirable species such as Aristida sp can dominate. Pastoralists can
manipulate pasture composition to encourage desirable species by grazing
management (4) .

The nutritive value of species also varies according to seasonal conditions
and phenological state (S Muir, unpubi. data). Some management decisions,
such as season to lamb and supplementary feeding, are strategically planned
around the seasonal variation in pasture quality.
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WESTERN UPLANDS LANDSAFE MANAGEMENT GROUP

G J Tupper, NSW Agriculture & Fisheries, Cobar, NSW 2835
P C Davey, NSW Agriculture & Fisheries, Dubbo, NSW, 2830

The Western Uplands Landsafe Management Group project is a new advisory
project, sponsored by the Murray Darling Basin Commission through the Natural
Resources Management Strategy. The co- operating organisations are NSW
Agriculture & Fisheries, and the Soil Conservation Service of NSW.

BACKGROUND

The western upland woodland country of the Murray -Darling Basin has undergone
substantial change and deterioration since European settlement. This is
particularly reflected in declining livestock carrying capacity and property
income, the widespread absence of both desirable perennial grass cover and
forbs, extensive areas already dominated or threatened by woody weeds, and
decreased rainfall infiltration and associated soil erosion. It is estimated
that 20 million hectares is affected or is liable to invasion by shrubs.

Sufficient biological and economic evidence exists to indicate that landsafe
stocking and vegetation management practices, when combined with properly
planned whole property business management strategies, will improve rangeland
vegetation diversity and persistence, stabilise and maintain the resource
base, and improve the profitability and income stability of grazing
enterprises.

Sufficient scientific and observational evidence also exists in the field of
adult education and agricultural extension to indicate that "learning
communities" are a potentially powerful tool in bringing about behavioural and
practice change. Another major advantage of "learning communities" in the
rangelands of the Murray- Darling Basin is that they can help overcome some of
the major impediments to acquiring and applying new knowledge and skills
imposed by this isolated, semi -arid environment.

OBJECTIVES

The project aims to utilise current scientific and observational knowledge to
establish four community based landsafe management groups (learning
communities) comprising graziers and technical advisors; harness the combined
practical and technical experience of each group to improve the vegetation,
grazing and business management skills of participating graziers through the
preparation of whole property management programs for each participating
grazier's property, and the provision of guidance and training to
participating graziers in the implementation of these programs; and to utilise
the results of the works and measures carried out under these programs by way
of case studies to educate the wider grazier communities around Bourke,
Wanaaring, Brewarrina, Nyngan and Cobar in profitable, sustainable vegetation
and grazing management.

PROJECT DESCRIPTION

Each of the four groups includes 3 -6 co- operating graziers, who have agreed to
participate, based on their willingness and ability to join in a small
discussion group format and acquire additional skills; to implement negotiated
whole property development -management plans and to provide relevant data as
the project progresses; their standing amongst their local grazier peers; and
their ability to assist in communicating project purpose and progress to other

288



graziers. Also, wherever possible, the grazier is a member of a Landcare
(Rangecare) Group.

A high level technical service is being provided by appropriate NSW
Agriculture & Fisheries and Soil Conservation Service staff, with inputs and
group activities being co- ordinated through two technical officers.

Support and skill training is being provided within the following
parameters:

(1) Property inventory /plan. Provision of detailed inventory maps using SCS
property resource maps and NSWÀ &F /SCS GIS technology - soils, landsystems,
plant community descriptions, woody weed infestation levels, extent of soil
erosion, fences, roads, watering points, etc.

(2) Financial management services, including record keeping, assessments of
proposed management change and results of change, and comparative analysis
with typical district performance figures.

(3) Animal health and production programs, including assessment of genetic
value of stock; sheep reproductive problems; monitoring of livestock
bodyweight, condition and wool weights, which helps detection of health
problems that may be limiting production and to determine the adequacy of
pasture available.

(4) Development of a woody weed management plan, and of a pastoral pest
program, including control of foxes, pigs, rabbits, goats and kangaroos.

SCHEDULE OF WORK

In 1990 -91, the development of negotiated landsafe vegetation and grazing
management for whole property plans.

In 1990 -93, the progressive implementation and modification of plans and
development of detailed case studies. The conduct of specific extension
studies.

In 1993 -94, completion of case studies, preparation and implementation of a
major extension program, and a major project evaluation.

ADVISORS AND THEIR AREAS OF RESPONSIBILITY

Russel Harland
John Murphy
Geoff Woods
Terry Brill
Graeme Tupper

(1) (4) Warwick Date
(2) Greg Curran
(3) (4) Peter Semple
(3) (4) Technical Officers

Project management

(1)

(3)

(3)

(1)

(4)

(4)

(4)

(2) (3) (4)

MAJOR RESEARCH AND INVESTIGATION BEING UTILISED IN THE PROJECT INCLUDE:

CSIRO: rangeland management decision support systems : Rangepak,Shrubkill,
Burnecon; management burns to control woody weeds.

NSW AGRICULTURE & FISHERIES: effects of rainfall and grazing on dynamics of
perennial grasses; use of goats in an integrated management system with sheep
and management burns to control scrub encroachment; use of herbicides; use of
warm season spelling to increase desirable perennial grasses and forbs; remote
sensing and GIS technology; "Farm Cheque "; vertebrate pest control; Local
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Concensus Data Reports; animal health investigations relating to lambing,
fertility, predation, fly strike, lice control, plant poisoning, nutrition and
seed contamination; nutritive value of plant species; plant species evaluation
and establishment.

SOIL CONSERVATION SERVICE OF NSW: vegetation, land system and property
resource mapping; GIS technology; woody weed control; rehabilitation of
scalded country using water ponding; rabbit control.
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A FRAMEWORK FOR RESEARCH AND MANAGEMENT
OF WOODY WEEDS IN RANGELANDS

B.M. Alchin, Rangelands Consultant, Toowoomba Qld

INTRODUCTION

Woody weeds are one of the most serious causes (as well as symptoms) of land
degradation. This paper refers particularly to the woody weeds which are
encroaching onto undisturbed grazing areas.

The approach taken to the woody weed problem depends on the use of the
particular area as well as the inherent features of the land resource and the
shrub species. The final decision is largely determined by economic
restrictions.

DEVELOPMENTS IN WOODY WEED CONTROL

In the pastoral areas, the initial approach was to reduce the woody weed
population as much as possible to permit increased pasture production. The
lack of cost: return benefits from single treatments resulted in the
development of integrated control programmes (1). This paved the way for
economic and environmentally compatible management of woody weeds. However,
the resilience of many woody species, as well as continuing economic
limitations, resulted in "management" in contrast to "control" becoming the
criterion for treatment.

The emphasis on maximising shrub removal has detracted from wider
considerations of shrub management. It is proposed that much greater use of
shrubs could be made both directly (e.g. browsing) and indirectly (commercial
use) .

PROPOSAL FOR FRAMEWORK

The proposed framework can cover both research and commercial
management perspectives - see Figure 1.

Shrubs Present

Determine Potential Problem I

Determine Approach

Direct Control) Ïndirect

1
Integrated Management

(Utilisation)

Commercia 1 Wildlife
Programme Use

Fig. 1 Framework for research /management of woody weeds

Important points for consideration are:-

(1) Determination of problem
The species and its environment must be identified and the implications of
its presence assessed to determine the problems involved.
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(2) Determination of approaches
(a) Direct management
The selection of techniques and development of an integrated management
programme involves consideration of economic and environmental factors (1).

(b) Utilisation of shrubs
This aspect is an area which has potential to provide a significant
contribution to the management of woody weeds.

The only significant commercial utilisation of woody weeds to date has been
export of small quantities of sandalwood (Eremophila mitchellii) to Asia and
several species being harvested for brush fencing.

It is proposed that a methodical research programme be established to develop
a data -base of potential uses of woody weeds. Ad hoc research has revealed
the presence of chemical which have commercial value, although extraction
would not yet be economic. A data -base on chemicals and other potential uses
of woody weeds would ensure commercial applications could be assessed and
developed when economic factors were acceptable.

Another aspect of utilisation which needs research is palatability of woody
weeds. These is a wide range of inter and intra- species palatability. Stock
supplements, foliar sprays and soil additives for small areas could be
investigated.

A third area which needs investigation is the value of shrubs as shelter for
wildlife of commercial value. This needs to be carefully balanced with the
degradation impact of shrubs but, as in the U.S.A., there would appear to be
economic value in some commercial locations for providing wildlife habitat -
for tourism and recreation enterprises.

CONCLUSION

The framework for both the research and applied management /control of woody
weeds should be expanded to integrate control techniques as well as
commercial utilisation and exploitation of the plants.
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NATIVE PASTURE SEED FOR THE MULGA LANDS

Peter Johnston, Chris Evenson and Nicki Elmes

Arid Zone Institute, Charleville Pastoral Laboratory,
Queensland Department of Primary Industries, PO Box 282,

Charleville QLD 4470

Seed of native pasture species is needed for successful reclamation of south
west Queensland's mulga country. These species deserve attention there is not
yet an exotic ( >500 tested) species that performs better than existing native
species on mulga soils(1). Native species are adapted to the unique
conditions of acid, infertile soils, low and erratic rainfall and extremes of
temperature. They have'the best chance of establishing under these conditions
and will enhance the success of rangeland rehabilitation works (2).
Selections of improved native species have been used extensively in range
reseeding in USA. Currently there are more than 100 selected native species
available (3). An attitudinal change is required to produce similar results
in Australia and this poster describes one of several (4) (5) efforts to
achieve this.

In south -west Queensland desirable native species of the mulga country are
being domesticated. Palatable perennial grasses of the genera Brachiaria,
Chloris, Digitaria, Eragrostis, Enteropogon, Monachather, Panicum and
Thyridolepis are being targeted. Successful harvesting in 4 ha lightly
timbered natural mulga country has already yielded 160 kg of mixed
Thyridolepis mitchelliana and Monachather paradoxa seed.

These species were chosen for the first commercial scale harvest for a number
of reasons:- good seed yield per plant, good presentation of the seed head
high on the plant, uniform height of seed head between plants, numbers of
tillers per plant, ease of seed removal, common ripening period, the ability
to harvest over a couple of days from the same area, and the ability to seed
several times a year.

The area for harvesting was chosen because of its high density of desirable
grasses, low density of trees, logs, anthills and its low relief. Such areas
are not difficult to find and once located should be fenced and managed to
encourage flowering and seeding. Once seed has been harvested, areas can be
lightly grazed until the next rain and subsequent flowering period, when
stock are removed and seed collected.

A Woodward Flail -vac brush harvester was used to harvest seed (6). This
tractor mounted machine uses an upwardly rotating brush to strip seed. Seed
is brushed from the seed stalk and then carried upward and backward into a
seed bin by a draft created by the rotating brush. The brushing action does
not severely damage plants and only harvests ripe seed. This allows several
passes over the same plant during the ripening period. Two passes were made
over a period of five days to collect the 160 kg of seed mentioned above. Two
passes were sufficient to collect the majority of the seed. The seed was then
coarsely sieved to remove trash. The majority of the trash comprised stem and
leaf of Trachymene spp. which was present in the area harvested.

(1) Smith, F.T. and Silcock, R.G. (1986). Guidelines for new plant
introduction research projects in semi -arid rangelands. Proc. Second Int.
Rangeland Congr., Adelaide May, 1984.

(2) Rhodes, D. (1987). Vegetation response and productivity under
waterponding. J. Soil Cons. NSW 43: 62 -67.

(3) Society for Range Management Summer Meeting (1988).
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(4) Bellotti, W.D. (1989). Suitable pastures to rehabilitate cultivated
marginal wheat lands in north west NSW. Final Report to Wheat Research
Committee for NSW.

(5) Lodge, G.M. (1987). An outline of the current program for the
domestication of Danthonia linkii. Proc. Native Grass Domestication Workshop,
Tamworth NSW, pp 10 -11.

(6) Beisel, A. (1983). Harvesting chaffy grass seed with the Woodward Flail -
vac seed stripper. In Proc. Range and Pasture Seeding in the Southern Great
Plains. Texas A & M University Agricultural Research and Extension Centre,
Vernon, Texas, October, 1983.
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BLADE PLOUGHING FOR WOODY WEEDS CONTROL IN
WESTERN NSW

R J Harland

District Soil Conservationist, Cobar
Soil Conservation Service of NSW

INTRODUCTION

Many areas within semi -arid western NSW have been adversely affected by the

encroachment of woody weeds. In some areas the density of woody weeds has
increased to the point where pasture growth is severely impeded in most
years. A number of investigations have been undertaken into control options

during the past 15 years. In 1988 the Soil Conservation Service initiated a
demonstration /trial program using a blade plough as the primary woody weed
control agent. Initially, trial sites were blade ploughed and monitored to
determine the effectiveness of the treatment and the effects on the pasture
and soils. Costs of treatment were also recorded.

METHODOLOGY

At each site a number of belt transects were set up to record woody weed
density by species and height classes. Observations were made on the
pastures using the method of step -pointing to obtain aerial cover. The sites
were then blade ploughed using a "Stationmaster" blade plough. A number of
machines were used to pull the plough and these are indicated in Table i
which gives a summary of the sites details.

Table 1. Summary of site details

Site Property Soil
Texture

Machine Av Shrub
density

Main species

1 "Buckanbe" S.L. Inter 866 6940 Ddat Ernst

2 "Innesowen" S.L. Cat D5B P/S 3340 Ddat Ernst

3 "Louth Airstrip" L. John Deere 4840 2050 Ernst

4 "Bundoon Belah" C.L. Cat D5B D/D 800 Ernst Emmt

5 "Talealye" S.L. Cat D4D 2800 Ddat

Ddat = Dodonaea attenuata
Ernst = Eremophila sturtii
Emmt = Eremophila mitchellii

D/D = Direct Drive
P/S = Power Shift

RESULTS

Average shrub mortality and cost of treatment is presented in Table 2.

Table 2. Mortality, cost

Site Av Shrub Shrubs
Mortality % Remaining /ha

Av Seedling
Recruitment /ha

Cost
s /ha

1 98.5 140 1590 40

2 95.2 100 950 45

3 94.8 125 50 60

4 72.4 200 0 56

5 96.4 100 700 50
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Prior to blade ploughing pasture cover was assessed at each site. Pasture
cover under the dense woody weeds did not exceed 5% at any site. Conditions
remained relatively dry following treatment and there had been little
pasture response prior to this article being printed. Seedling recruitment
occurred in response to isolated storms. Further observations will be
required to determine the survival of these seedlings.

DISCUSSION

The blade plough proved to be an effective method of primary treatment with
mortality on all but one site being 95% or better. Reasons for the lower
results at site 4 were the larger shrub size with many individuals in excess
of 4 m in height. The plough often had difficulty in effectively rooting
these large shrubs out. The 2WD wheel tractors had significant problems
maintaining traction, correct depth of operation and experienced numerous
staked tyres. Crawler tractors operated more efficiently with no traction
problems.

The high cost associated with blade ploughing may restrict its application
initially to high value areas on properties. Examples of areas for which the
technique has application are: small holding paddocks, around stock watering
points, dense isolated clumps of woody weeds, stock lane-ways and fence
lines. It is strongly recommended that prior to any blade ploughing being
undertaken a whole property assessment of the woody weed problem be made so
as to target the areas with highest priority.

Currently in western N.S.W. the technique is gaining acceptance, with a
number of Landcare groups being formed to experiment with blade ploughing
within their own communities. A major project has also been set up through
the Natural Resource Management Strategy for the Murray Darling Basin to
more thoroughly research the effects of blade ploughing, with particular
emphasis on appropriate post treatment management strategies. Attention is
also being given to environmental effects such as soil erosion and pasture
composition changes. The results of current research programmes will more
effectively evaluate the role of blade ploughing in property management.

In the interim, the following recommendations are made so that potential
environmental risks are minimised:

Whilst the Soil Conservation Service does not recommend further management
techniques such as raking it is recognised that such an operation may be
desirable from a property management view point. If this is the case a good
cover of pasture should first be allowed to develop. Raking should be
carried out during Autumn or Winter when risks or erosion are minimised.

Refrain from restocking the area until pasture species have re- established
and been allowed to set seed.

Attempt to exercise control over pastoral pests which may congregate on
the treated area.

Monitor possible seedling establishment and be prepared to carry out
follow up control techniques such as herbicide application or controlled
burning.

296



CONCLUSION

The technique of blade ploughing is the most effective primary mechanical
control option available for woody weeds. The high cost, however, limits its
uses to smaller, high value areas under current economic conditions. Prior
to its use a whole property assessment of the woody weed problem should be
undertaken so that appropriate priorities can be set for the areas to be
treated.
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ARISTIDA INFESTATIONS OF MITCHELL GRASSLANDS:
SELECTING CONTROL OPTIONS

Piet Filetl and Nicki Elmes2

Pasture Management Branch, Queensland Department of Primary Industries,
1 PO Box 81, Emerald Q 4702, 2 PO Box 282, Charleville Q 4470.

THE PROBLEM

Increasing infestations of Aristida leptopoda (whitespear) and A. latifolia
(feathertop) have decreased productivity from Mitchell grassland (Astrebla
spp.) grazing enterprises. The seed of these perennial grasses causes
significant contamination in fleeces, which costs in the order of $4.7 to 5.5
million per annum (1989/90 prices) for the Mitchell grasslands of Queensland
(1). Aristida spp. are relatively unpalatable, particularly to sheep, and as a
result the more palatable grasses are preferentially grazed. Increased
grazing pressure on the desirable and palatable grasses reduces their growth
and further enhances the opportunity for increases in the Aristida
populations.

THE NEED

Maintaining a dominance of Mitchell grass can minimise an Aristida invasion.
But to reduce established Aristida infestations, the best chance of success
are control options that reduce the mature Aristida population and /or reduces
the seed load. The desirable perennial grasses must be retained otherwise
any advantage of Aristida control will be lost.

Control options need to exploit vulnerable features in the growth of
whitespear and feathertop. These features include:
1. susceptibility to defoliation, whereby tiller mortality is increased and

seed production is reduced (2);
2. viability of soil seed reserves is low after two years (1);
3. during wet summer conditions (30- 35 °C), the growth of Aristida spp. is

less than that of Mitchell grass (3).

CONTROL OPTIONS

Grazing with cattle

Cattle are less selective than sheep in their grazing of Mitchell grass
pastures and cattle include whitespear and feathertop in their diet (1). As
long as moderate grazing pressures are applied, the presence of cattle either
alone or in conjunction with sheep can contain whitespear and feathertop to a
small proportion of the pasture.

Sheep alone will not control infestations of whitespear or feathertop.
Grazing by cattle at high grazing pressures (1 to 3 beasts /ha) for two to
three months results in defoliation with a reduction in plant height and
seedhead numbers. If repeated over two to three years, a reduction in
whitespear and feathertop density may occur. Cattle need to be introduced at
the start of the whitespear and feathertop growing season, as at this stage
available green leaf and nutritional quality of these plants are at a
maximum.

Baling
Following the accumulation of surplus pasture, some graziers bale the
pasture. Consequently whitespear or feathertop is included in the hay and as
a result of this defoliation their proportions in the pasture have declined
following a number of balings. The greater resilience of Mitchell grass to
defoliation has ensured that it persists following baling.
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Herbicide application
Whitespear and feathertop are suitable targets for a wick -wiper herbicide
application. As these plants are generally avoided by stock, they are taller
than the remaining desirable species. Wick -wiper applications of glyphosate
(30% concentration) can kill half the whitespear population and reduce the
growth of the remaining whitespear plants. Mitchell grass plants, untouched
by this type of herbicide application, have a competitive advantage during
subsequent summer growing periods and have an opportunity to become
dominant in the previously whitespear infested pasture.

Fire
Prior to European settlement, fires in the Mitchell grasslands were more
frequent than in recent times. Fire stimulates Mitchell grass (4), whilst
the recovery of whitespear and feathertop is considered to be less vigorous
and depends on rainfall and grazing conditions. Fire reduced Aristida spp.
numbers in sub- coastal Queensland (5), but in western Queensland management
with fire is commonly viewed as risky.

Forage and grain cropping
Cultivation kills mature whitespear and feathertop tussocks. If a cropping
phase is greater than two years, regeneration of Aristida spp. will be
minimised as little viable seed remains. However, the recovery to a
desirable perennial grassland following cropping can only occur if the soil
seed reserves of the desirable species remains and is not unduly affected by
cultivation.

gesowing with desirable grasses
Increasing the size of the soil seed reserve, by resowing with Mitchell grass
and blue grass (Dichanthium serecium) can aid in increasing the recruitment
of desirable grasses in whitespear and feathertop dominant pastures.
Mitchell grass seed is now readily available, small scale collections of blue
grass have been made and there is also interest in harvesting other useful
native grasses.
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THE ROLE OF OLD MAN SALTBUSH PLANTATIONS IN RANGELAND MANAGEMENT

R.W. Condon, Rangelands Consultant, Yowie Bay NSW
B.M. Alchin, Rangelands Consultant, Toowoomba Qid

A. Sippel, Manager, Narromine Transplants, Narromine NSW

INTRODUCTION

Intensive development of small areas has not had much impact on the arid
pastoral zone. However, successful development of techniques to establish
large stands of old man saltbush (Atriplex nummularia) shrubs has provided
significant opportunities for improved rangeland management.

NATURAL DISTRIBUTION OF OLD MAN SALTBUSH

Old man saltbush (Omsb) is very widespread in its natural distribution.
However, although once relatively abundant in many locations, it is now only
a minor component of the original communities as a result of overgrazing.

RECOGNITION OF POTENTIAL

Seeds of Omsb were imported by South Africans and the plants selected through
a research programme which resulted in an improved cultivar ( "de Kock ") (1).

Paradoxically, it was the visit of an Australian grazier (Ian Hunter) to
South Africa which stimulated the current moves to develop commercial
plantations of Omsb.

RESEARCH

There was some Australian research into the biology of Omsb prior to the mid
1980s, e.g. (2), but comparatively less into its commercial value. This gap
is now being filled and includes research into its role in reclamation of
saline areas is increasing.

Investigations into plant establishment by seed or seedling have indicated a
much higher reliability for the latter, although the initial cost per plant
is higher.

CHARACTERISTICS OF OLD MAN SALTBUSH

The Omsb plant has particular characteristics which provide it with the
capability to fulfil a much needed role in rangeland management: -
(i) high water use efficiency,
(ii) high nutritional value,
(iii) halophytic,
(iv) drought and frost tolerant,
(v) deep rooting,
(vi) 50+ years life expectancy,
(vii) fire -resistant.

POTENTIAL ROLE OF OLD MAN SALTBUSH

Sufficient data is now available to confirm the potential role of Omsb
plantations (3) :-
(i) provision of high quality forage which can be made available at any

time of the year for sheep, cattle or goats.
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(ii) reclamation of salt- affected areas - converting a problem site into one
of high productivity.

(iii) lowering of unacceptably high water tables.
(iv) provision of stock shelter.
(v) reducing the burr load in wool (by natural removal during browsing).

Established Omsb stands have a carrying capacity of 30 -40
sheep (or equivalent) per ha for 3 -4 months per year. Having several fenced -
off paddocks allows for overall improved livestock and rangeland management
and profitability through: -
(i) capability to rest paddocks and thus develop improved grazing

management of the whole property,
(ii) increased forage security for existing stock and /or,
(ii) increased carrying capacity.

FUTURE DEVELOPMENTS

As the recognition for the value of intensively developing small areas
increases and the skills of pastoralists for such operations increase, Omsb
plantations will have profound impact on improving livestock and rangeland
management.
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RESTORELAND, A DECISION SUPPORT SYSTEM FOR RANGELAND REHABILITATION

John A. Ludwig,CSIRO Division of Wildlife and Ecology,
P.O. Box 84 Lyneham, A.C.T. 2602

INTRODUCTION

Extensive areas of Australia's semi -arid and arid grazing lands have been
degraded. The present extent and seriousness of rangeland degradation is not
precisely known because there is no simple, inexpensive and unequivocal way
to define and measure it, but one recent estimate of the extent of the
problem is that up to one third of all rangelands are affected (1). Some
techniques for rehabilitating these degraded lands are available, for
example, prescribed fire can be used to control dense shrubs thereby
improving conditions for pasture production and in turn soil productive
potential (2). However, there is no system for evaluating when and where
restoration should take place and for choosing what is the most cost -
effective treatment.

DECISION SUPPORT SYSTEMS

Decisions on whether, when, and how to use restoration techniques involves
the consideration of many complex and inter -connected issues. The best way
to guide advisers and pastoralists through these issues is by using a
decision support system (DSS). Such systems contain expertise of
researchers, experienced field advisors and pastoralists. For example, a DSS
called SHRUBKILL has been developed to provide advice on the use of
prescribed fire to control dense shrubs in degraded rangelands (3). This DSS
is being used by extension personnel for consultations with pastoralists, and
by new personnel to learn about the use of fire as a management tool.

The aim is to synthesize currently available information and data on
rangeland restoration into a microcomputer -based DSS or advisory program
called RESTORELAND. This advisory system will strongly complement
PADDOCKPLAN, a module of RANGEPACK currently being developed by the CSIRO
rangelands group at Alice Springs. RESTORELAND, by contrast, provides advice
on how to restore a paddock that is already degraded. Another aim will be to
promote the extension of RESTORELAND to field officers, pastoralists, land
care groups, and agribusiness consultants.

STRUCTURE

The RESTORELAND DSS is modular and hierarchical (Fig. 1). The main program
guides the rangeland adviser or manager through a problem definition module
which asks a series of questions to precisely define the degradation problem.

FATE
MODEL

RESTORELAND

PROBLEM
DEFINITION

TREATMENTS

FIRE CHEMICAL --

MECHANICAL

CLIMATE
DATA BASE

SIMULATIONS
MODEL

Figure 1. Structure of the RESTORELAND Decision Support System and its
connections to other data bases and models.
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Then, given the situation specified, the appropriate modules are used to
provide advice relevant to restoration techniques, including a prediction of
the likelihood of success of these restoration techniques. RESTORELAND
modules may require inputs from geographic information systems and a climatic
data -bases. It also requires long -term predictions of shrub and grass
population dynamics and estimates of pasture, animal and economic production.
These predictions of population dynamics will be obtained from a modified
version of a model called FATE, an acronym for Functional Attributes in
Terrestrial Ecosystems (4). Estimates of production will be derived from
microcomputer -based simulation models.

An advisory body comprising pastoralists and extension personnel (from
Agricultural and Soil Conservation Services) will initially provide expert
information and advice for the development of the first version of the
RESTORELAND DSS. RESTORELAND will incorporate this expert information,
together with published information, and the results of experiments. The
advisory body will subsequently evaluate later versions and will provide an
ongoing assessment of this research project, in general.

SUMMARY

A microcomputer -based DSS, called RESTORELAND, provides expert advice on the
application of cost -effective management technologies to rehabilitate
degraded rangelands. Expert information from experienced pastoralists, land
care committees, extension officers and scientists, and from publications, is
incorporated within RESTORELAND. An early version of this DSS will be
demonstrated; later versions will include results from new experiments and
projects on rangeland rehabilitation.
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WOODY WEEDS IN CENTRAL WESTERN QUEENSLAND

J.A. Reynolds and J.O. Carter

Queensland Department of Primary Industries,
Arid Zone Institute, Longreach 4730

INTRODUCTION

The spread of woody weeds in central western Queensland concerns producers
(1,2). Information exists on their biology and control (3) but there are few
quantifiable data on the extent of the problem posed by specific weeds.

We surveyed graziers in the region with Mitchell grass downs, wooded downs
and /or gidgee country to define the problem in terms of species and areas

affected.

METHODS

A postal survey was sent in April 1989 to 650 landholders with properties of
the required country type. Replies from 315 properties, representing 5.97
million ha, were received.

RESULTS AND DISCUSSION

The percentage of properties where species were present, their perceived
status and average areas per property affected at different densities are
shown in Table 1.

Gidgee (Acacia cambagei) creates difficulties for graziers in the region
according to two scenarios. Gidgee invasion occurs particularly in the
wooded downs where seedlings spread from scattered clumps of adult trees.
Gidgee regrowth refers to its increased density, either from the germination
of seed or from regrowth by broken stumps, specifically following mechanical
disturbance.

Gidgee invasion was both more common than gidgee regrowth and it affected
larger areas (Table 1). We consider that gidgee invasion has been
facilitated by the increasing control of wildfires since settlement. Some of

the older respondents to the survey said they first noticed the spread of
gidgee following the above average rainfall seasons of the 1950s. This

observation fits the pattern of a large scale germination of seedlings which
established well in the absence of fire.

Sandalwood (Eremophila mitchellii) occurred on half the properties surveyed.
It is most common in land systems which have gidgee and it can become a major
problem after clearing. On half the properties that had sandalwood it was
considered a problem and it was increasing.

Mimosa (Acacia farnesiana) was the most widespread species. Despite its

increasing on one -third of properties only 10% of respondents considered it a
problem. Droughts cause a high mortality in mimosa due to a combination of
increased defoliation by stock and water stress. On open downs mimosa
provides valuable shade.

Our concerns about the potential of prickly acacia (Acacia nilotica) to
spread significantly beyond its current boundaries were reinforced by the
fact that more than one -half of the properties have this species. However,
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40% of those with prickly acacia growing on their properties do not consider
it a problem. This perception often prevails in the early stages of its
invasion.

The incidence of algaroba (Prosopis pallida syn. limensis) was surprisingly
high. Few consider it a problem despite the experiences of producers in the
north west and in the headwaters of the Bulloo river where algaroba has got
out of control.

Table 1. The percentage of properties where species were present, their
perceived status and areas affected

Speciesa
Percentage of properties Av. area (ha) on properties
where species was: where densities° were:

Present Problemb Increasingb Low Medium High

Gidgee /wooded downs

Gidgee (I) 58 68 76 1178 2580 2562
Gidgee (R) 31 82 70 1350 1001 1876
Sandalwood 51 48 51 834 924 1014

Open downs

Mimosa 89 10 33 4769 2943 1779
Prickly acacia 53 59 62 2821 992 939
Algaroba 22 16 19 1226 84 751

Waterways

Parkinsonia 66 24 34 197 35 11
Coolibah 76 4 16 1144 453 81

a Gidgee: (I) = invasion; (R) = regrowth
b As a percentage of properties where species was present
° Densities: low = scattered plants > 100 m apart; medium = plants 100 to
50 m apart; and high = plants < 50 m apart

Parkinsonia (Parkinsonia aculeata) was present on two -thirds of the
properties and was considered a problem by a third of producers. It was
increasing on a third of the properties. The relatively small areas affected
reflect its preference for moist areas.

Coolibah (Eucalyptus microtheca) occurs on most creeks and drainage lines
throughout the region. Only 8% of the survey properties did not have creek
lines on them. Very few people considered coolibah a problem and this
confirms our observations that its spread is confined to river channels and
levees after floods.
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These results quantify the nature of the problem that exists with woody weeds
in the region and they signal the potential, particularly for the exotics, to
expand in the future.
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EFFECTS OF HERBICIDES ON BARLEY GRASS -CHENOPOD PASTURE

J Muir, District Agronomist, NSW Agriculture & Fisheries, Hay
G Curran, Senior Rangelands Veterinarian, NSW Agriculture & Fisheries,

Cobar

INTRODUCTION

Annual barley grass (Hordeum leporinum) causes significant production,
management and health problems for the sheep industry. Pasture composition
nas changed as this grass has invaded large areas of the Riverina in NSW.

The yearly cost of barley grass to the wool industry has been put at $96
million (1).

Treating small areas with herbicide to control seed set, and to provide
sufficient pasture during the period seed could infest susceptible sheep will
allow better management of barley grass seed problems.

AIM

This study looked at the effects of two herbicides (Glyphosate - Roundup (R);
Paraquat - Gramoxone (R)) on barley grass - bladder saltbush (Atriplex
vesicaría) - copperburr (Sclerolaena spp.) pastures in terms of their species
composition, biomass and nutritive value.

TRIAL

Two sites were sprayed with the two herbicides at a normal and a low rate in
September, 1988. Pastures were assessed in October, 1988, and January 1989.

PASTURE COMPOSITION

The species composition was not altered greatly (See Table 1)

* Bladder saltbush remained alive and thrived, while barley grass senesced
* The copperburrs ( Sclerolaena spp.) increased
* Medics, largely burr medic (Medícago polymorpha) decreased
* The proportion of other broadleaf plants increased, including some that
could be harmful on stock, such as onion weed Asphodelus fistulosus and
small- flowered mallow (Malva parviflora).

* Roundup advantaged the chenopod pasture. Gramoxone appeared to
have more deleterious effects on pasture.

Table 1: Pasture Composition after Herbicide Application (% of pasture)

October 1988 January 1989

Plants Control Herbicide Control Herbicide

Barley Grass 60 57 43 45

Saltbush 19 21 37 35
Medic 19 16 16 11

Copperburrs 1.0 1.6 2.5 3.3
Other Plants 1.5 3.9 3.0 5.6
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BIOMASS

Total dry matter of pasture was reduced by herbicide. (See Table 2)

Table 2: Pasture Biomass after Herbicide Application

Treatment Biomass*
Control 4.7
Roundup 4.1
Gramoxone 3.5

* Dry Matter: tonnes /ha

The early senescence of barley grass after herbicide applications appeared to
allow retention of more soil moisture, to the benefit of other species.

NUTRITIVE VALUE OF PASTURE

Barley Grass

Herbicide treatment creates "standing hay" of barley grass. Energy and
nitrogen content were higher and fibre levels lower after herbicide treatment
compared with naturally senescing barley grass.

Other Components of Pasture

The energy, nitrogen and fibre levels of combined other components of pasture
were not significantly altered by herbicide treatments.

SUMMARY

Herbicides are a useful tool in managing barley grass in rangelands pasture.

OUTCOMES

The method is being widely tried by graziers in the Riverina, and is being
extended to control of corkscrew (Stipa spp.) seed damage.
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PONDING BANKS ON ATARTINGA STATION

J R Purvis, Atartinga Station, via Alice Springs NT
G N Bastin, CSIRO, PO Box 2111, Alice Springs NT

INTRODUCTION

The present "Year" and "Decade of Land Care" are focussing attention on
Australia's degraded lands and efforts to reclaim damaged areas. Where a
knowledge of events leading to degradation exists, and where activities are
centred on inherently fertile parts of the landscape, reclamation efforts can
be permanent, productive and show a long -term economic return.

The impetus to successful reclamation should be more than immediate damage
limitation. For example, in central Australia, ponding banks will arrest gully
erosion. However, the greatly increased supply of nutritious forage behind
correctly designed banks allows the turnoff of higher quality cattle. Other
benefits include increased access to markets and insulation against adverse
seasons. This scenario is illustrated with the Aldardrama Plain on Atartinga.

ALDARDRAMA PLAIN - ATARTINGA

The 8 sq km Aldardrama Plain was degraded by horses and sheep in the 1930s
(1). By 1943, the area was perpetually bare and erosion cells were
intensifying as gully heads moved upslope. The station came out of the 1959 -65
drought with 280 cattle and a debt of 19,000 pounds. With no prospect of
immediately buying more country, the only way of surviving was to repair
damaged land. The eroding parts of the plain had estimated slopes of 1 -2% and
some form of contour banking appeared appropriate. A cable blade Allis
Chalmers bulldozer used for fence line clearing and dam sinking was available.
With advice from the NT Administration (NTA), the first ponding banks were
built in 1969.

PONDING BANKS

Ponding banks had been used for scald reclamation in western NSW, but there
was little available information relevant to arresting erosion on sloping
country in central Australia. Consequently, the design, placement and size of
ponding banks have improved considerably over the last 20 years.

The first banks

Twenty five banks were built under the guidance of the NTA Soil Conservation
officer who surveyed long banks (200+ m) with big catchments away from erosion
scours. Borrow pits were above the banks and acted as small dams to drown re-
establishing grasses and attract kangaroos. Many banks were breached in
average rains and it was not possible (or sensible) to quickly repair these
breaks. The bulldozer was adequate for the job but the towed ripper was slow
and frustrating on harder soils.

Many introduced forage species were tried behind the banks as seed supplies
and time permitted. Plants that persisted include Panicum antidotale, Sorghum
almum, and Chenopodium auricomum. A range of buffel (Cenchrus ciliaris)
varieties were tried but only the US variety is palatable on Atartinga.

Current banks

Today, banks are built above active gully heads and on scalded country over a
large part of eastern Atartinga using a Cat D7 bulldozer (2) . There are 64
banks on 4 sq km of what was once the most degraded country on the Aldardrama
Plain and 300 banks on Atartinga. In all cases, the borrow pit is downslope of
the bank. Maximum ponding depth on flat surfaces is 150 mm with at least 1 m
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of freeboard above water when the bank has consolidated. A cautious approach
is required on many catchments and in all cases, a greater number of short
banks with a flat or down- turned shape are the safest proposition. These banks
allow water to flow past the bank ends without initiating excessive erosion
and they also prevent water damming up and breaking through the bank in
intense rains. Thus, small banks of 60 m length near the top of the slope may
only pond 0.5 ha but the soil above this zone is still sufficiently saturated
by slower flowing water to initiate gradual vegetation recovery. Longer

(300 m), conventional shaped banks with larger ponding areas (3 -4 ha) are then

used as confidence increases and on flatter parts of the landscape. Banks can
still fail in intense rains and these are repaired with a rubber tyred loader.
Excessive bank failure and erosion of bank spill points indicate where more
banks are required.

Banks are hand seeded with US buffel at the water line when built. These
plants rapidly establish but the rate of recolonization on ponded areas away
from the bank is dependant on the severity of degradation. Initial soil
surface modification to allow infiltration and the later build up of organic
matter are important processes (3). Usually by the time a bank has ponded five
to six times (over three to four years), palatable perennial grasses have re-
established on remnant islands of topsoil, while ephemerals and annual grasses
have colonized bare and scalded areas and continue to trap further sediment.

INCREASED CATTLE PRODUCTION

The Aldardrama Plain had a negligible carrying capacity when reclamation
commenced. The plain was fenced into a 33 sq km paddock in 1970 and since
then, has been stocked with 150 weaners for six months of each year. These
cattle graze almost entirely on the 4 sq km of reclaimed country where they
consistently gain weight in all seasons. The country continues to improve
under this stocking rate.

Ponding banks on Atartinga are costed primarily on the basis of the amount of
fuel used. Sixty four banks cost approximately $4000 at today's fuel prices.
Modification of early banks and repairs to others increase this cost. The
Aldardrama Plain now produces about 13500 kg of beef annually. Two thirds of
this production is conservatively attributable to the grazing of forage behind
the banks. At a value of $1 per kg liveweight, an annual return of $9000
demonstrates that reclamation costs have been recovered many times over.
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PATTERNS OF CHANGE IN THE LYNDON LAND CONSERVATION DISTRICT

D.M. Hearmanl, I.W. Watson2, J. Reid3, T. D'Arcy4

1Middalya Station via Carnarvon

2Dept. of Agriculture, Carnarvon

3Mia Mia Station via Carnarvon

4Lyndon Station via Carnarvon

Recognizing the need for a concerted, co- ordinated land care programme in
their area, a group of pastoralists formed the Lyndon Land Conservation
District in 1987.

The group is made up of station owners and managers from 19 pastoral
properties, together with representatives from the state government
departments of Agriculture and of Conservation and Land Management. The
Lyndon Land Conservation District covers an area of almost 3.5 million ha in a
strip of land extending between 50 km and 300 km north of Carnarvon, Western
Australia.

The climate is semi -arid with most stations receiving about 225 mm rainfall
annually. Property sizes range from 75,000 ha to 450,000 ha with most
carrying Merino sheep (approximately 300,000 head) and some cattle
(approximately 2,000 head). Together, these enterprises generate about $12
million of export income each year.

Much of Australia's rangeland suffers from land degradation, and the Lyndon
Land Conservation District is no exception. Department of Agriculture surveys
show that approximately 10 percent of the area is in a poor or severely
degraded condition.

The Lyndon Land Conservation District members have formulated a set of
objectives and strategies to begin addréssing the land management problems in
their area.

1. Total grazing control of rehabilitated areas
- Encourage effective commercial kangaroo shooters.
- Investigate a system of co- operative goat control.
- Ensure adequate fencing of rehabilitated areas.
- Remove stock from degraded areas.
- Investigate electric fencing options for vermin control.

2. The development of alternative management strategies.
- The investigation and documentation of rotational grazing systems.
- Destocking of severely degraded areas.
- Open days on stations adopting successful management strategies.
- Demonstrations of alternations of management strategies using computer

spreadsheet models.

3. The identification of cost effective successful regeneration strategies.
- Purchase of tractor and plough.
- Use of equipment in a range of country types and configurations.
- Evaluate success of work.
- Cost out different techniques.
- Extend results to District members.

4. Education of newcomer pastoralists.
- Invite new pastoralists to participate in group activities.
- Visit new pastoralists.
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- Supply new pastoralists with relevant information and results of
previous work.

5. Identification of plants suitable for regeneration work.
- Examine results of previous regeneration work.
- Request further studies from WADA.
- Request information feedback from WADA.

6. Monitor results of goals 1,2,3,5.
- Co- operative installation of monitoring sites with WADA.
- Document monitoring site information.
- Make regeneration monitoring information available to other members.

Funding from both State Assistance to Soil Conservation and the National Soil
Conservation Programme has enabled the District to embark on a major project
to demonstrate a range of regeneration strategies. Because of the enormous
range of vegetation and soil types scattered throughout the District, no
single strategy will be enough to cope with the problem.

Degraded coastal dunes will be rehabilitated using access control of both
stock and human traffic, with the worst areas being covered in brush cuttings
to hasten the regenerative process.

A grazing management demonstration will soon begin on an area of very fragile
but productive soil that responds well to a more sophisticated type of grazing
management than simply set stocking.

By far the biggest part of the project will be demonstration of different
types of cultural regeneration on a range of land systems using the Lyndon
Plough.

The Lyndon Plough is a unique arid zone regeneration implement jointly
developed by District members, the Agriculture Department and Pederick's
Engineering of Wagin. Commercially available ploughs were neither robust nor
versatile enough to cope with the needs of the District due to the very hard
soils and the range of land systems encountered.

The Lyndon Plough is a trailing implement that can be transported behind a 4WD
vehicle. A tractor of between 100hp and 120hp is necessary to use the plough
depending on soil type.

Hanging from a basic frame are three rippers at the front of the implement.
These take most of the strain in breaking the soil surface. Behind the
rippers, on two separate tool bars are a set of two opposed discs (for
building banks) and behind these a set of four disc pitters. A revolving seed
box is also included to enable reseeding of native shrubs and buffel grass
into degraded areas.

Changes of configuration from opposed discs to disc pitters can be made in
less than five minutes, making the implement extraordinarily versatile.

The plough has been used on about half the stations within the District, and
will continue to travel throughout the area over the next three years.

The Lyndon Plough is on display during the field tour of this conference,
following the Wednesday morning poster session.
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PRESCRIPTIONS FOR THE REHABILITATION OF RIVER FRONTAGES IN THE TROPICAL AND
SUB-TROPICAL GRASSLANDS OF WA - WITH PARTICULAR REFERENCE TO THE FITZROY

RIVER FRONTAGE

A.R. Williams
Western Australian Department of Agriculture

PO Box 417, Kalgoorlie, Western Australia, 6430

INTRODUCTION

Interest by land managers in rehabilitating these once highly productive
pastures has led to research to formulate rehabilitation guidelines (1).

Different key constraints will lead to selection of different rehabilitation
options. The 'option choice' flow diagram proposed in this paper is based on
a number of research findings and observations of the Fitzroy River Frontage
where three major land units are to be found. The land unit characteristics,
constraints, and pertinent findings are outlined in the next sub -sections.

LEVEE CRESTS

Levee crests, are commonly the areas of highest elevation on the frontage,
are characterised by medium to coarse textured soils, and originally
supported Frontage Grass Pastures (2). The major constraints to
rehabilitation are stock control, surface soil crusting, flooding, and
availability of a source of perennial pasture seed.

Rehabilitation work on a levee crest area (Collins Yard) in the 1960s
indicated that chisel ploughing and seeding with birdwood and buffel grass
(Cenchrus setiger and C. ciliaris) in concert with stock removal could be
very successful.

LEVEE BACK SLOPES

Levee back slopes originally contained duplex soils and supported Frontage
Grass Pasture. Much of the A horizon has been removed to expose medium clay
soils which are commonly sodic, occasionally saline.

The major constraints to rehabilitation are grazing control, soil sodicity,
salinity, extremely low water infiltration (test averages = 17 mm/24
h),.perennial pastures seed availability, and floodwater inundation. Chisel
cultivation has been found to be not only ineffective in re- establishing
perennial pastures, but detrimental to soil moisture conditions one year
after cultivation.

A combination of chisel cultivation, application of suitable soil ameliorants
and seed has been effective in establishing perennial pasture species
(Cenchrus ciliaris, C. setiger, Astrebla squarrosa) on such soils (3,4). Soil
amelioration with cultivation and seeding is expensive, and likely to be only
suited to small areas which act as source of seed to surrounding country.

Water ponding has been shown to improve soil moisture status, dramatically
decrease salinity (5), increase soil cracking in sealing sodic clays, and
increase species diversity within two years.

Most forms of ponding will breach under the onslaught of fast flowing
floodwaters, making the technique unsuitable for such flood prone areas.
Motor grader -built full circle ponds withstand flooding better than other
grader -built or tractor - implement -built pond banks (Addison, per comm). In
areas of shallow, slow moving inundation, therefore, full circle ponds built
by motor grader may be appropriate. (Bulldozer -built banks have not been
tested in this environment).
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BACK PLAINS

The back plains land unit is characteristically at a lower elevation than the
other land units described, has little slope, and has self mulching heavy
clay soils which support Mitchell grasslands (Astrebla spp.).

Since this land unit tends to become intractable during wet seasons it is
naturally protected from grazing during the growing period. Where back plains
have become degraded the principal cause is excessive dry season grazing
pressure. A seed source of native perennial grasses is normally still
available, and the back plain clay soils tend to be particularly fertile (6).
The major rehabilitation constraint, therefore, is grazing control during the
dry season.

PRESCRIBING REHABILITATION OPTIONS

Figure 1 provides a flow chart through key constraints to what appear to be
the most promising rehabilitation options, based on the findings and
observations quoted.

These are broad options, destined for more specific site testing to identify
the optimum of rehabilitation activities.

Grazing Control?

No

Figure 1

Seed
Yes - *Source?

A

Yes A. (B1) (Activity Code)

Yes - B2

Yes - Flooding?

Y Salinity/
Nom Sodicity?

Install grazing
control fences.
Water stock on
controlled
artificial
waters

Key to Activity Codes
A Manipulate grazing to allow new plants to establish during the wet
season.
Bi Cultivate 3 -4 strips close to the seed source to encourage seed
lodgement.
B2 Cultivate, soil amelioration and seed in fenced seed source areas. Then
A (possibly Bi) .
33 Cultivate and seed in fenced seed source areas. Then A (possibly Bi).
B4 Cultivate and seed broadscale. Then A.
35 Broadcast seed into fenced seed source areas. Then A.
(The scale of the tB' options is dependent on finance).
C Water ponding (with cultivation and /or seeding as soil conditions
dictate).

-Bp, C

Yes-- B3

- Flooding? rL /M -$t,

\1No..
Soil
Texttre?

M/H- B3, C

-H (S.M.)- B5

L/M = Light to Medium texture
M/H = Medium to Heavy Texture
H (S.M.) = Heavy Texture (Self Mulching)
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IMPROVING REGENERATION BY PRECISION SEEDING, WITH SOIL AMENDMENTS

Brett Ward

Rangeland Management Branch,Department of Agriculture
Carnarvon WA

BACKGROUND

Many degraded areas in the Carnarvon region of WA have eroded duplex soils
with exposed clay B horizons. These soils are often scalded and are
inherently saline and sodic.

Natural regeneration of these degraded soils is slow due to the effects of
poor infiltration and lack of sites for seed entrapment. Direct seeding
techniques employing cultivation and soil ameliorants are being tested to
improve the establishment of native shrubs

SOIL AMENDMENTS

In a trial at Minilya, Maireana aphylla (spiny bluebush) was sown on an
eroded duplex soils by the Mallen Niche Seeder (Malcolm and Allen 1981).
Several rates of gypsum and other soil amendments were added to the seed
placements in an attempt to improve establishment (Table 1).

EFFECT OF GYPSUM, MULCH AND BITUMEN

Adding gypsum improved the number of seedlings per placement (Table 1).
Increasing the amount of gypsum, also increased the number of seedlings per
placement.

Using mulch and bitumenous spray, without gypsum, increased the number of
seedlings per placement by 62%. Mulch and bitumen with gypsum, increased the
number of seedlings per placement by 26 to 55 %. Compared with sowing seeds
with no treatment, mulch, bitumen and gypsum treatments in some cases
trebled the number of seedlings per placement.

Increasing the amount of gypsum with mulch and bitumen did not increase the
number of seedlings per placement (Table 1).

Table 1. Mean number of seedlings per placement

Mean No. of Mean No. of Increase in
seedlings per Standard seedlings per Standard seedlings per

Treatment placement error Treatment placement error placement (%)

GO 1.5 0.3 NGO 3.8 0.8 62

G1 2.1 0.5 NG1 4.3 0.8 51

G2 1.7 0.2 NG2 3.8 0.7 55
G4 2.6 0.3 NG4 3.6 0.3 26
G8 2.8 0.6 NG8 4.3 0.2 35

Key to treatments
Note:
GO = no gypsum added
G1 to G8 = gypsum added at rates of 1 tonne per hectare to 8 tonnes per
hectare
NGO = mulch and bitumen added without gypsum
NG1 to NG8 = mulch and bitumen added with gypsum at rate of 1 tonne per
hectare to 8 tonnes with hectare.
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CONCLUSION

This research has demonstrated that the establishment of spiny bluebush from
direct seeding, can be significantly improved by the use of soil
ameliorants.

It has also shown that adequate levels of establishment can be achieved, by
direct seeding, without ameliorants.

REFERENCE
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VICTORIAN ALPINE AND SUB ALPINE GRAZING

Jeanette Commins

Ensay, Victoria

LAND USERS

Cattle graziers, loggers, miners, 4 wheel drivers, campers, bushwalkers,
hunters, brumby runners, bee keepers and tour groups.

FROM A MOUNTAIN CATTLE GRAZIER'S PERSPECTIVE

For over 150 years mountain cattlemen and their families have grazed their
cattle on the high alpine and sub alpine pastures in Victoria.

Today the same pattern exists. In early summer the cattle are taken up to each
families run country. The cattle graze the grassy glades of the snowgum forests,
and the natural open snowplains for four months. In autumn, ahead of the on
coming snow, the cattlemen muster the cattle together and bring them down.

CONFLICT OR PERCEIVED CONFLICT IN LAND USE

Some elements of the conservation movement have brought political pressures to
bear on high country grazing, putting forward hypotheses of potential
environmental damage.

Research has shown that alleged damage by grazing is grossly overstated and
further reports have shown that the environment is in fact protected by well
managed grazing.(1)

By memorandum of agreement in Parliament grazing is to continue within most of
the Alpine National Park, however a decision taken by the previous state
government to terminate grazing on parts of the Alpine National Park has been
upheld.

MANAGEMENT OF PUBLIC LANDS

The Alpine Sub alpine region takes in approximately seven million hectares of
crown land. This area has been used for a variety of land uses depending on the
terrain and vegetation. Logging, bushwalking, mining, camping. 4 wheel driving,
hunting, bee keeping, and cattle grazing.

A public laud area is valued by the people for the ways in which they can use it
and also for the knowledge that there are a reservoir of species and genes that
we do not want lost.

For the public land area to maintain its value, it must be managed correctly,
otherwise changes will occur that will downgrade the area.

Unmanaged the alpine, sub alpine land area will become overrun with blackberries
and briers, which out compete natural species along stream banks and in moist
areas. Rabbits and wild horses heavily overgraze areas because they are
uncontrolled, putting pressure on native species. There is also 'a great threat
of wild pigs invading the area as they have in the Kosciusko National Park.

The Victorian government has recently proclaimed much of the Victorian Alpine
sub alpine area into a large National Park of some 709,560 ha. The government is
proposing to phase out grazing from some of the best run country in Victoria
which falls in the Park.

However, the government can not afford to manage these extensive areas, because
they do not have the financial resources or the practical knowledge. This has
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been shown in NSW where the Kosciusko Park has become considerably downgraded
since cattle grazing was phased out in the nineteen fifties.

Mountain cattlemen subscribe to a multi -use concept of Alpine areas, with some
special areas to be designated as National Park.

multi -use and the continuation of grazing would mean, as in the past, that
cattlemen would be aware of and control vermin and noxious weeds.

BENEFITS ACCRUED THROUGH MULTI -USE

Grazing by cattle maintains a vigorous sward, enhances wild flower displays,
keeps the bush open and decreases fire hazards.

Cattle grazing is the Only agency that can regularly, and efficiently reduce the
fire hazard in the forest areas, thus keeping the region much less at risk of
devastation by wild fire, and subsequent soil erosion.

The risk of damaging wild fire is always greatest in years of drought and these
circumstances are often followed by heavy rainfall which cause the worst' erosion
on bare, burnt ground.

Regular, well managed grazed, prevents the vegetation becoming overgrown and
senescent, this allows sunlight to penetrate the sward resulting in a dense
ground cover that decreases erosion by water or wind.

The controlled tooth and hoof action of cattle keeps the bush in an open park
like state enhancing the displays of wildflowers. These plants do not flower so
prolifically where they have to push through mats of overgrown senescent grass.

Cattlemen provide a public service by leaving their huts open for people to
shelter in, helping in search parties for missing persons and providing local
knowledge to people who are visiting the area.

Logging and mining provide good access roads for leisure activities, as well as
providing economic benefits to the local community.

Recreational activities provide pleasure for increasing numbers of people.

multi -use of these areas provides better care and management of the vast tracts
of land, and provides many people with a great deal of pleasure. Properly
managed, multi -use also allows the renewable natural resources to be utilized
for the benefit of the nation.

CONCLUSION

The conflict between conservation groups and mountain grazing is not one of
proven conservation issues but rather one of philosophy. When this point is
understood by governments between land use decisions might be made, balancing
real conservation concerns with the need for sustainable economic return.

REFERENCES
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SOILS RESEARCH ON THE BOOLATHANA GRAZING TRIAL, CARNARVON, WA

D.J. Tongway

CSIRO Division of Wildlife and Ecology,
PO Box 84, LYNEHAM ACT 2602

INTRODUCTION

The grazing trial on Boolathana Station, Carnarvon, WA, was established in
1983. In 1987 -88, NSCP funds were made available to study the effects of
historical and current experimental grazing on soil productive potential.
This document is a precis of the work done in that period in terms of
landscape function analysis, measurement of nutrient pool sizes and
biological pulses in various landscape strata, and conclusions as to
appropriate monitoring methods with respect to soil factors.

Trial layout
The trial is located on Sable land system and is comprised of two areas : one
which had been heavily grazed in the past (poor condition) and one which had
not (good condition). In each area, five levels of sheep stocking rate were
imposed (0.08, 0.12, 0.18, 0.27 and 0.40 sheep /ha). The soil studies were
made on the lightest and heaviest stocking rate on the good and poor
condition sites, as well as adjacent areas enclosed from sheep grazing. Study
sites were adjacent to transects established for botanical composition
studies by the WA Department of Agriculture and were selected so as to sample
substantially upwind and downwind of the established watering points.

Landscape description
Sable land system is comprised of two main units :

1. Substantially flat swales with duplex textured soils, mainly vegetated by
a Maireana polypteryia shrubland , and occupying about 57% of the land area
and
2. low dunes of uniform texture mainly vegetated by Acacia sclerosperma and
other shrubs covering the remaining 43 %. During the time the soil properties
were studied, drought conditions mainly existed.

Landscape function analysis

The extreme flatness of the swales means that water- mediated erosion of soil
and /or macro- organic matter is minimal. However, redistribution of these
resources by wind is relatively frequent, depending on season. In fact, the
nature of aeolian erosion /deposition controls the long term productivity and
stability of the landscape. The good condition site has a bush density such
that resource redistribution is substantially local, with large proportions
of material being trapped by shrubs on the dune and swale. The poor condition
sites however have swales devoid of perennial vegetation capable of capturing
aeolian materials, with the result that light fractions such as clays and
organic matter are irrevocably lost to the system. Many of the shrub species
on the dunes are unpalatable and so remain intact well into droughts thus
preserving their resource entrapment capacity.

Soil measurements

The productive potential of the accretion mounds in terms of nutrient pool
sizes associated with the perennial shrubs is very high relative to the
inter -shrub soil, and in absolute terms is similar to agricultural soils,
particularly in the immediate surface. (Tables 1, 2 and 3). The same is true
of microbial respiration rate, which is a measure of biological activity of
soil microfauna (Table 4).

On poor condition sites, the vestigial remains of bush mounds were no
different to inter -bush soil sites in terms of nutrient pool size and
biological activity.
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There were no detectable differences between sites situated upwind and
downwind of the watering point, however this may only mean that sheep grazing
preferences in the relatively small experimental paddocks were not able to be
expressed.

Çonseuences of the soil /landscape research
Perennial shrubs maintain soil at high productive potential due to resource
entrapment and efficient nutrient cycling processes, and conserve limiting
resources against loss. Long term, stable productive use of these lands
requires that the bush systems be monitored, and maintained by regulation of
animal numbers in times of environmental stress. In particular, the
conditions of soil mound associated with each bush and the entrapment
capacity of the stems and foliage by aerodynamic drag need to be monitored at
key points in the landscape.

Table 1. Mean nutrient values for under versus inter -shrub sampling sites on
dunes

Under -shrub Inter -shrub
Nutrient variables Nutrient variables

Depth KN OC AN AP pH Depth KN OC AN AP pH
(cm) (cm)

0 -1 .070 .71 15.2 26.9 6.67 0 -1 .015 .12 2.2 11.7 7.71
1 -3 .063 .59 11.9 20.6 6.74 1 -3 .011 .09 1.8 15.7 7.82
3 -5 .049 .45 8.4 21.8 7.13 3 -5 .012 .09 1.3 17.5 7.73
5 -10 .031 .26 4.6 16.9 7.40 5 -10 .011 .08 1.5 17.4 7.55

For all variables at a given depth, under -shrub is significantly different to
inter -shrub (P <0.05).

KN Kjeldahl nitrogen ( %)

OC Organic carbon ( %)

AN Available nitrogen (mg /kg)
AP Available phosphorous (mg /kg)
pH pH in (1:5) soil -water extract

Table 2. Mean nutrient values for under versus inter -bush sites for swales
in good condition

Under -shrub Inter -shrub
Nutrient variables Nutrient variables

Depth KN OC AN AP pH Depth KN OC AN AP pH
(cm) (cm)

0-1 .081 .74 15.2 14.3 7.92 0-1 .036 .29 5.2 10.7 7.54
1-3. .063 .49 8.7 15.4 8.02 1-3 .015 .11 2.7 14.4 7.73
3-5 .049 .36 6.7 12.7 8.00 3-5 .012 .08 2.1 13.3 7.52
5-10 .034 .25 5.1 10.6 8.19 5-10 .011 .07 1.6 11.4 7.17

For all variables at a given depth, under -shrub is significantly different to
inter -shrub (P <0.05).

KN Kjeldahl nitrogen ( %)

OC Organic carbon ( %)

AN Available nitrogen (mg /kg)
AP Available phosphorous (mg /kg)
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pH pH in (1:5) soil -water extract

Table 3. Mean nutrient values for under versus inter -bush for swales in poor
conditions

Under -shrub Inter -shrub
Nutrient variables Nutrient variables

Depth KN OC AN AP pH Depth KN OC AN AP pH
(cm) (cm)

0 -1 .032 .21 2.8 5.1 8.24 0 -1 .56 .37 6.7 12.8 7.77
1 -3 .021 .12 2.8 7.8 8.85 1 -3 .023 .14 1.1 14.6 7.64
3 -5 .020 .11 1.8 9.4 8.88 3 -5 .015 .08 0.1 11.6 7.81
5 -10 .022 .19 .07 10.7 8.48 5 -10 .015 .08 1.2 9.7 7.45

There are no significant differences for a given depth for any variable
(P <0.05) .

KN Kjeldahl nitrogen ( %)

OC Organic carbon ( %)

AN Available nitrogen (mg /kg)
AP Available phosphorous (mg /kg)
pH pH (1:5) soil -water extract

Table 4. Summary of microbial respiration values (mg CO2 /m2 /h)

Swale Dune
Range Condition Stocking rate Mound Intermound Shrub Intershrub

(sheep /ha)

Good 0 255 108 245 59
0.08 280 115 245 82
0.40 245 118 213 77

Poor 0 122* 151 227 68
0.08 82* 104 195 127
0.40 63* 75 243 56

* These values are for remnant bushmounds. Values for intact bushmounds in
this conditions class are 196, 208 and 197 respectively.
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