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New Administrative Structures and Old Rangeland Problems

A. Robertson and W. Musgrave
University of New England

Australian pastoral land management doctrines appear to be passing
through a process of fundamental change. There have been important
committees of inquiry in all relevant States and Territories, except for
Queensland, while a number of States, particularly Queensland, are in the
process of enacting, or have enacted, important changes to their
legislation. The situation is complicated by the fact that five
jurisdictions are involved (New South Wales, Queensland, South Australia,
Western Australia and the Northern Territory) no pair of whom appear to

be advancing at the same rate, moving in the same direction, or even
marching to the same drum. There is a tendency, however, to move toward
less regulated regimes involving greater security of tenure for
pastoralists and a generally less restrictive regime with less draconian
conditions for violating lease conditions.

The following tables summarise the present situation. The current
trend in policy making is toward increased security of tenure, more
emphasis on conservative land management, the elicitation of pastoralist
cooperation and more workable systems of enforcement. To achieve their

new objectives land management agencies will need to recognise the

problems posed by past policies (particularly the problem of small

holdings) and develop structures that will facilitate the pastoralist

cooperation they seek.

Table i

The Terms of Pastoral Land Tenure in Australia (1985)

Queensland New South Northern Western South
Wales Territory Australia Australia

Grazing Homestead

Freeholding Lease

(40 years)(a)

Grazing Homestead Western Lands Perpetual

Perpetual Lease Perpetual Pastoral Lease - (c)

(perpetuity) Lease (perpetuity)(')

(perpetuity)

Pastoral Holding (30 (40 years) (50 years) All pastoral (21 years)

years)(d) leases expire (42 yrs(e)

Preferential Pastoral in June 2015

Holding (30 years)(d)

Pastoral Development

Holding (up to 50 yrs)

Special Lease of Forest Special lease

Reserves (30 years) (40 years, or

perpetuity)(f)

Stud Lease (40 years)

(75 years)(h)

(7.1 years)(g) (42 years)

Occupation Licence

(annual, unless

renewed on payment

of annual rent)

Annual licence

(annual)



Table

Restrictions on the Size and Ownership of Pastoral Leases (30/12/85)

N.S.W. S.A. Queensland N.T. W.A.

Maximum Perpetual None(j)(1Yastoral 2.00 m.ha.(g (5.113)
Size Lease = MIA (None) 500,00 ha.

Stud Lease GHPL = 2

= 4 IIMA Living Areas
98

(g) a)Minimum None None 1 Economic S

Size Area an econo-
mically
viable
pastoral
unit

Minimum Age 18trl No Minimum 18 18 16

of Lease Age

Corporate Corporations No Restrictions All land can No

S.9(3)
Ownership may only become be owned by restrictions Minis -

lessees now as companies tersZF')

mortgagees, if except PIT, recommen-
they are already GIIPL, G11FI. dation
lessees may only required
lease 2 LIMA

Personal 18F (5 years) None PPH First 7(f) None None(m)
Residence CBPL years
Requirements GIIFL

Mortgage 3 years Period of 2 years(a) 5 years
(h)

Not stated
Rights lease but con-

sidered to
be period
of. lease

Consent by Required
Minister
Required
for Mortgage

Not required Not

required(b)

Sub -Leasing

Required
Required

Possible with PPII (c) Ministers Boards(`1t-
Ministers Gt1P1. consent permiss-

consent required ion

required

Agistment Only with
Ministers
consent

No restrict - 563 PPII No restrict - Only with
ions, but S131(6)Gt1Pl, ions Ministers

there are 6mths(e) consent
maximum stock S144A GUn
numbers for
each lease

(a) The purchase price of the land is payable over the 40 years in equal

instalments, though the recent amendments to the Act are designed to encourage

the speeding up of payments. The Grazing Homestead Freeholding lease can only
be derived from the surrender of a Grazing Homestead Perpetual Lease.

(b) Not liable to forfeiture.
(c) Perpetual leases do exist in the South Australian pastoral zone but government

policy does not recognise them as pastoral leases.
(d) Legislation has been proposed to increase the term of all past:or.al leases to a

minimum of 50 years.
(e) The term of 42 years was set in 1893, to represent a normal man's working

life. Due to a 1960 amendment, most South Australian pastoral leases are due
to expire in 2003.

(f) Western Lands Act 1901, Section 28A.
(g) Issued for small areas adjacent to pastoral .leases, for in ,tome to departure

the horses of mustering plants.
(h) All stud leases subsisting in May 1984 have been extended to 2058.



LAND STEWARDSHIP - GIMMICK OR ESSENTIAL

B.R. Roberts, D.D.I.A.E., Toowoomba. Old.

Background

A decade ago, those isolated individuals who were calling for
a re- consideration of our approach to the land were seen as unrealistic
conservation -minded idealists. In recent years two important changes
have intensified:

(i) Economic pressures on landholders have become
more critical.

(ii) Awareness of land degradation has become more
widespread.

These simultaneous developments have resulted in conflicting
approaches to remedial action being recommended by producer
organizations, research groups and governments. The resultant
recommendations have included emphasis on one or more of three mechanisms:

1. Incentives
2. Legal guidelines
3. Education.

The writer has elsewhere (Roberts, 1985) described 43 factors
requiring attention before conservative use of rural lands may reasonably
be expected to be implemented on a national scale. The present paper
concentrates on the educational activities which could influence
attitudes toward the land and thus affect land use and the maintenance
of productive potential of pastoral lands.

What's the trend in pastoral condition?

Few would argue with the reality of landholders having to make
a living out of their operations based on primary production. There
are clear indications however, that using land beyond its inherent
capability, has led to widescale reduction of carrying capacity in
various pastoral regions (Leigh, 1974; Roberts, 1981; Anon., 1978).
The present problem is thus how to reconcile the financial needs of
the pastoralist with the ecological requirements of the pasture
if the two are to remain as a permanently productive partnership. There
is nothing new in this problem (Ratcliffe, 1938) except the increase
in factual data on the conflict of interests which have become more
starkly focussed in recent times.

The necessity to solve the pasture retrogression problem has become
more urgent, more expensive and more intractible over the past decade.
Attempts to solve the problem by legal means alone have met with a
high level of social resistance in several States. The community
response to South Australia's proposed new laws on clearing, and the
enquiry into the Western Division of N.S.W. have done little to create
a workable and acceptable basis for protection of the vegetation



resource. The latest attempts in W.A. to encourage local landholder
committees to take responsibility for permission to clear pastoral
country may be more successful. In Queensland there is an apparent
breakdown between excellent land capability mapping and a virtual
absence of constraints in practice on both clearing and stocking
rates.

The overall national picture is one of an abdication on the
part of government to accept the responsibility for the implementation
of sound use of land in pastoral regions.

Why education is the key

The potential contribution of a meaningful legal framework
for the administration of pastoral land depends almost entirely
on the readiness of rural communities in particular and the voters in
general, to accept the need for a balance between the good of the
individual and the common good. This principle has been dealt with
elsewhere. It is at the heart of conservation farming and permanent
pastoral systems in Australia. Similarly, the need for more reasonable
incentives to encourage landholders to treat their land as though
they are trustees acting on the community's behalf, deserves strong
support from both federal and state governments. However, even with
greater incentives, in the absence of the fundamental motivation
to conserve the land, neither legal limitations nor monetary rewards
will ensure the on -going implementation of ecologically sound pastoral
industries.

The general response to recent writings on land ethics (Roberts,
1984) and land stewardship (Roberts, 1985) has been twofold:

1. Such "green" philosophy is another naive but threatening
move to interfere with the individual landholder's
freedom.

2. The concept of stewardship is the only basic cornerstone
on which Australia's stable primary industries can be
permanently built.

These apparently polarized responses are in fact not as diametrically
opposed as they might appear when the views of informed pastoralists
are analysed. The repeated claim by producer organizations that all
landholders are conservationists at heart is always qualified by
reference to the impossibility of treating the land carefully when
economic survival is at stake. Added to this financial impass are
the much -repeated arguments for and against freehold as the basic
form of tenure and its effects on attitudes toward the land (Roberts,
1985a).

One of the more lucid analyses of the ways in which sound land
management can be achieved in pastoral zones, is that of Blessing
(1985) in which parallel policies on incentives and attitudinal
change are advocated. Such an approach would bring the rangelands
advisor right into the centre of the practical land use arena, rather
than leave him in his peripheral research and report -writing backwater
where his influence on land stability and productivity is minimal.



Research findings and attitudinal change

The Soil Conservation Service of N.S.W. has drawn a useful
cycle of changes in knowledge and land use from the time of settlement
to the acceptance of sound production systems (S.C.S., 1985). The

three stages of evolution of permanent primary production techniques
have a parallel in the pastoral industry which is presently entering
the awareness or adaptation stage. During this stage, incomplete
scientific knowledge needs to be heavily supplemented with experiential
findings of producers to respond to the realization that retrogressive
changes in the vegetation and land must be counteracted if carrying
capacity is not to be lost (see Figure 1).

It is a basic truism of rural extension that a position of
full and thus final information is never reached. It follows therefore,
that advisory officers must make recommendations without having
all the answers. The rate and irreversibility of many land degradation
processes make it important that rangeland specialists (research,
advisory and education) effectively implement whatever information
is currently available to them.

There has been a tendency since the mid- 1970's for rural extension
to retreat rather than advance, as a professional career of status
and integrity. This has affected the role of adoption of proven
practices in agriculture and range management on a national scale.
The result is an increasing need, not so much for new knowledge
from research, but for the extension of the philosophy, attitudes
and techniques which were proven to be sound decades ago (Roberts, 1986).

The Rangeland Society and Land Stewardship

The Australian Rangeland Society's objectives include research,
extension and education. The society has thus an important role
to play in developing and proclaiming the landcare ethos in a way
which encourages the maintenance of our rangeland resource.
Unfortunately there is a reluctance on the part of members to become
involved in the socio- political sphere of educational policy and
the agro- politics of producer organizations. If this society is
to become an agent for change it must not only embody land stewardship
in its aims but must be seen to understand, appreciate and stand up
for the on -going development and implementation of the concept of
land stewardship as an essential goal of the society and those whom
it serves.
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Viability, Degradation and Structural Adjustment
in Murweh Shire, Queensland

Warren Musgrave, Andrew Robertson and Robert Delforce
University of New England, Armidale.

Introduction

This paper reports on part of a project which is an attempt to

integrate three areas of concern in Australian pastoral land

management. These are land tenure and administration, pastoral property
viability and land condition. A central concern of the project is the
extent to which land tenure policy and its administration might promote
or inhibit land degrading behaviour on the part of pastoralists.

Methodology

A methodology has been developed that revolves round an extension of
a computerised budget first developed by Reeves et al. (1974). A range
of management strategies is assessed by means of Monte Carlo simulation
over 100 years. Each year is classified as being either a drought year,
a normal year or a good year. An important distinguishing feature of
each strategy is destocking policy during drought. Prices and
technology are assumed to be constant. The parameters of the model are
first approximated on the basis of ABS and BAE data and then adjusted in

consultation with 'experts'. Approval of the parameters and of the
output of the adjusted model are regarded as providing satisfactory
validation. The experts can be applied scientists with local knowledge,
extension officers or local pastoralists. Of necessity, the experts
must be consulted in the field so an important attribute of the model is
that it can be run on IBM -PC compatible micro -computers.

Successful management of the business for 100 years (survival) and
the provision of a reasonable standard of living for the family
(viability) are used to assess the strategies. The range of management
strategies is specified for simulation in consultation with the experts
and the degradation outcome of each stratgy is specified, at least in

qualitative terms. An objective is to assess whether the pursuit of
survival and viability make the adoption of exploitative strategies
rational under different circumstances. These circumstances could
include scenarios relating to holding characteristics, operator
characteristics and objectives, and the institutional setting (including
tenure conditions).

Application

The Murweh Shire in south -west Queensland (Charleville area) was
selected for initial application of the methodology. Three sizes of
holding were simulated (5,000, 10,000 and 15,000 sheep) under three
strategies, one poor (P), one representative of 'middle of the road' or
average management in the Shire (A), and one conservative (nominated by
Department of Primary Industry staff and largely untested at a

The assistance of the National Soil Conservation Program in funding this
research is acknowledged. M.D. Young contributed to this research but
is not listed as an author as he has not yet seen the paper.



commercial level) (D). Strategy P is a degrading strategy, as too is

strategy A, but the rate of degradation in the latter case is much less
then in the former. Strategy D is non -degrading and can be used to

reverse the consequences of the continuing employment of P and A. The

values of key performance variables allocated to each of the strategies
are presented in Table 1. The properties are assumed to be owned and
managed by a resident family under a partnership arrangement. The

family provides most of the workforce. Holding size and enterprise are
assumed to remain constant while off -farm income comes solely from
interest on cash investment. The holdings are assumed to consist of
mulga country alone. Wool production is the dominant source of

income. Each property was subjected to 100 trials of 100 years in
length. Within each 100 years there were 30 droughts, 20 good years and

50 average years. The three sizes of holding simulated encompass the
range of size of most holdings in the Shire. The smallest holding is

judged by the experts consulted to have a high probability of not
surviving under any management, the 10,000 sheep holding, while the

largest holding approximates a size judged to ensure a high probability
of survival with conservative management.

Table 1
Key Variables Assigned to Charleville Area Properties

LAND MANAGEMENT CATEGORY

P A D

5 10 15 5 10 15 S 10 15

Property size ('000
sheep) in normal years

Average Total Costs per
sheep carried ($)

Variable cost

5

11.2

4.0

10

10.0

4.3'

15

9.5

4.5

5

10.9

4.0

10

9.0

4.3

15

8.2

4.5

5

10.1

4.0

10

8.4

4.3

15

8.0

4.5($ per sheep)

Drought variable costs
(% of variable costs) 200 200 180 200 180 150 180 150 130

Fixed costs per
20 25 30 20 25 30 20 25 30property ($'000)

Total capital value
($ /sheep) 50 50 50 60 60 60 70 70 70

Initial capital (exl.
stock and land ($'000) 115 230 345 200 400 600 215 430 645

Maximum Loan ($'000) 125 251 375 150 300 525 175 350 525

Drought grazing
4.5 9 13.5 4 8 12 3.6 7.5 11capacity ('000 sheep)

Maximum sheep
400 100 1500 400 1000 1500 500 1000 5000purchases (per year)

Results

Table 2 contains the survival results of a comparison of the nine
situations. These results suggest that exploitative management is not
very compatible with survival over 100 years, while the two larger
holdings under average management and all of the conservatively managed
holdings, are certain of survival.



Table 2

Property Size and Survival

P5 P10 P15 A5 A10,A15,D5,D10,D15

Probability of surviving;

30 years. 0.1 0.5 0.7 0.9 1.0

60 years 0.0 0.2 0.4 0.9 1.0

90 years 0.0 0.02 0.15 0.71 1.0

100 years 0.00 0.02 0.15 0.71 1.0

Average years survived 17 37 57 87 100

The average value of variables relating to viability are presented
in Table 3. Once again there would appear to be no financial inducement
for the adoption of exploitative management according to this analysis.
For all sizes of holding management strategies A and D are superior to
the exploitative strategy, P, according to all measures in the table.

Table 3
Average levels of various parameters of viability ($'000)

LAND MANAGEMENT STRATEGIES

P5 P10 P15 A5 A10 A15 D5 D10 D15

Average annual family
income ($'000)

Average annual net farm

4 7 11 10 23 35 20 36 50

income ($'000) -9 -5 4 - 10 40 71 28 71 116

Minimum sheep (units) 1000 2200(a)3600(ó) 2800 5600 8400 2625 5250 7858

Equity stress (years) 9 14 17 10 1 0 0 0 0

Years of poverty - - - 40 14 8 8 3 7

Peak loan ($'000) 125 250 348 100 80 50 23 20 50

Discounted net
worth ($'000) 47 180 396 280 580 920 330 670 1000

(a) Of the two properties that survived 100 years, Average Minimum Sheep carried = 5040;

Minimum Sheep carried = 3651.

(b) Of the 15 properties that survived 100 years, Average Minimum Sheep carried = 9325;
Minimum Sheep carried = 5187.

Examination of these results shows that the four classes of holding

with less than certainty of survival (P5, P10, P15 and A5) can ensure

survival by improving management and /or destocking. The larger the

holding size, the greater the number of choices available for attaining

security. The smaller the property, the greater the extent to which
management has to change and the slower and more costly the recovery.
To the extent that regeneration is possible under the conservative
strategy then the implication is that, the bigger the holding, the
easier the process of regeneration of a degraded land base.
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A number of additional trials have been undertaken which, because of

space limitations, cannot be reported here. They dealt with comparisons
of rates of destocking in droughts (which, to some might be is seen as

the key to pastoral land degradation), of constant and variable operator
income flow (respectively approximating the situation of a company and a

family), and of variable drought costs (which allows some testing of the
effect of drought assistance policy on property survival and
viability). The first of these trials confirmed the thrust of the
original trial but also illustrated how, by the adoption of rapid
destocking strategies going into a drought (that is conservative
management), recovery from degradation events could be rewarding but

that a small, exploited holding (P5) would have to enjoy a long run of
good years to ensure survival. The second trial provided an

illustration of the importance of cash reserves to business survival,
and of variable income policies to the survival of small family
businesses. The last trial provided support for the hypothesis that
present drought assistance policies disproportionately encouraged the

survival of small marginal businesses with attendant risks for the land
base.

Conclusion

While pastoral land tenure in Queensland has been significantly
deregulated, particularly with regard to size, a legacy of the past is
that small holdings predominate in areas like Murweh Shire where 75 per
cent of holdings are estimated to be 'at risk' (Homes 1985). This study
suggests that, while conservative stocking strategies that retard or

reverse degradation are financially attractive to Murweh Shire
pastoralists, the scope for their adoption and the probability of

success with them is lower for small holdings.

The liberalisation of lease conditions in Queensland offers scope
for the emergence of á distribution of holding sizes such that a smaller
proportion are at risk. The path of adjustment to the distribution
will, however, take time and poses challenges both to adjustment and
land degradation policies.

While the methodology employed has permitted progress to be made
with regard to a difficult problem, its limitations must be stressed.
These limitations mean that the model is not predictive but can serve to

improve hypotheses about pastoral land management and degradation.
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MICRO -COMPUTER AIDED INVENTORY AND ASSESSMENT OF LANDSCAPES

by R.A. Patterson and M.J. Brennan, Consultants
Resource and Environmental Services, Armidale, N.S.W.

SUMMARY

SCOEC (Systematic Classification of Environmental Criteria)
is a software package designed specifically for
micro -computers for the manipulation and analysis of data
prepared using a gridded format such as vegetation cover,
soil types and landform. The SCOEC programme stores the data
for a matrix 60 x 120 or 120 x 240 for each of 100 variables
for 30 categories.Output from the system produces mono or
multiple criteria maps of a square grid format, allowing
direct relationship with the input data format. The benefits
of the system are the time efficient manipulation of numerous
overlays, the flexibility of the input system and ability to
undertake sensitivity analysis without affecting the physical
conditions.

1. Introduction

The manipulation of a complex data base such as a series of
maps shown in Figure l,is often beyond available
computational resources. Techniques currently available to
the smaller researcher or consultant rely heavily upon manual
production of a series of overlays at various scales
depending upon the study area and local conditions. Each
data map may have up to 20 variables such as soils, plant
species or percentage cover. Parametric mapping techniques
are labour intensive and crude while the overlay method for
selecting interactions of criteria from the grids produced on
the maps above is restricted to visual acuity and personal
sensitivity to implied configurations of variables.
Sensitivity analysis under the normal time contraints is
beyond the realm of manual sorting techniques.

In Australia and overseas the systematic correlation and
selection of multiple criteria groupings has been managed
only by data banks of mainframe status. It has not been
possible to determine a similar example of SCOEC, having the
flexibility of input and output at the micro -computer level
while maintaining a capital expenditure under $10 000.

2. Project Aims and Objectives

Originally the project aimed at the scientific manipulation
of data to provide options for land use planning. The system
had to be compatible with the range of personal computers
currently available at the local and regional level such that
objective evaluation of up to 30 biophysical constraints
could be undertaken. As the project developed, it became
obvious that by increasing the flexibility of input
requirements, the analysis phase could be directed to many
environmental fields. Vegetation analysis and soil mapping
were seen as two immediate small area uses requiring the
sorting and manipulation of interacting data.

Four objectives to be met by SCOEC included speed of

manipulation of variably selected data, flexibility to
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sensitivity analysis performed on the data base available,
low capital requirement for both computer hardware and
software and ability to utilise land use data already
available.

The speed with which the data could be entered and
manipulated was seen to be related directly to the number of
data points for each constraint. The grid density, while
related to the end use, reflected the economic constraints of
data collection and identification. The flexibility
envisaged at the commencement of the project was expected to
provide a pattern of interacting constraints not identifiable
at the manually integrated level, particularly for complex
patterns involving more than four component maps. The
sensitivity analysis available by manipulation of possible
variations in physical or environmental constraints would
allow the examination of a hypothetical interaction. The
economic benefit of using SCOEC is in the improved
utilization of skilled labour in the data collection and
identification phases, while the computer performs the
manipulating tasks.

3. Methodology

3.1 Computer selection

Three prime target areas for the project were seen to be:

* the choice of a suitable computer;

* the selection of environmental criteria suitable
for a sensitivity analysis; and

* the arrangement of the grid cells to suit
computer print -out configurations.

The computer used in this instance was a Ferranti Advance 86,
an IBM compatible utilising a Central Processing unit (CPU)
16 -bit 8086 running at a clock speed of 4.77 MHz. 256K bytes
of Random Access Memory (RAM) were availble with additional
expansion to 640K, 16K video RAM and 8K diagnostic and BIOS.
Capability for graphics was for 640 x 200 bit mapped
display.

An approximate value of the SCOEC package, computer, RGB
monitor, dot matrix printer, word processor, speller,
thesaurus, filer, spreadsheet is in the vicinity of $7000.
Input at this stage is through the keyboard, although a

variation with digitising tablet is available.

3.2 Sample Survey

The information used for the survey is choosers by the
operator as are the variables used on the input mode. Input
will accept a dual variable of either capital or lower case
letters, numerals or a combination. Any ASCII character is
suitable as a variable. Thus for a gridded map of vegetation
mapping, the operator would be able to use common well known
terms to describe the surface features, for example, a

tropical rainforest could be "TR" while a temperate
rainforest may be "tr ". There is no need for a code for each
map which greatly facilitates the use of the model.
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3.3 Grid arrangement

Data output is produced using a programmable dot matrix
printer. The limitations of the computer printout dictated
that a single grid was 60 units wide by 120 units long or in
compressed mode -120 units wide by 240 long. By the use of
an overlay technique for a particular constraint, up to 100
variables could be entered for each grid cell or grid point.
The choice between the latter is determined at the
commencement of each separate study. Each mapping unit
(60x60) produced a square printout, a feature which then
allowed manual reproduction of the final selected option back
to a master map without conversion difficulties. The output
mode was designed to eliminate the need for a plotter as a
cost reduction strategy.

3.4 Variable manipulation

The selection of the categories to be manipulated and the
variables within each are selected at the beginning of the
manipulation phase of the programme, producing output as a
print out of the interaction as shown in Figure 1 below. The
input of data can be by individual grid cell or block
assembled configuration depending upon the complexity of the
pattern. In cases of small subdivisions, individual entry of
grid cell information was simpler. Only a specific selection
of the variables for each map (category) is required.

Variables identified

landscape or

political variables Component files (real/sensitive variables)

computer

(SCOEC)

4. Results

option 1/
ption

Square
Gridded
Outputption

Sensitivity analysis of
level of development or
con;:ervat î on

Figure 1 Diagram of manipulation of categories and variables

The benefits of sensitivity analysis and the ability to
swiftly interact many variables are two of the rewards of
computer analysis. The choice of gridded pattern can be

freely chosen at the commencement of the exercise and is only
limited by the availability of suitable data and the scale of
the planning exercise. The density of the grid squares will
be determined by the economics of time and money in
collectting the data. While it would be possible to grid a
3000km` area at less than one kilometre squares, the cost of
gathering the data would exclude the use of the programme as
an inexpensive tool except where such an intense manipulation
was necessary.

The choice of parameters was restricted only by the ability
of the user to be able to define the variables at the grid
cell location. There is a need, however, to restrict the
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choice to those variables which have the greatest influence.
For example, the selection of quality versus quanity with
respect to categories and variables needs to be decided at
the start. The programme was able to accept further
categories at any stage and so provide a variable data base
facility.

The sensitivity analysis was restricted only by time at
computer. Initially there was a tendency to attempt
prediction of obscure variables to observe the options
available. During the study it was possible to determine a
specific set of criteria to be manipulated together with
additional sensitive variables.

The choice of map scales was dependent upon individual
requirements, not affecting the ability of the programme to
handle the data, only dictating the number of disks used to
cover a particular area (in those instances where only 5.25"
floppy disks are used) . The ability to produce a square grid
output from the computer allowed the use of small scale maps
of A4 size, provided the ratio of input to output grids was
standard.

Further refinements are required to the system to allow
variations of data input such that a combination of bulked
data with keyboard entered data are compatible. The
extension of the categories into areas related to growing
season, pasture species, vegetation associations or
agricultural uses is undergoing investigation. The basis of
the programme is, however, flexibility and user friendly
input. In this way the number of users and uses will be
maximised. The additional benefits of "client friendliness"
allow the operator to discuss sensitivity analysis with the
client and produce the result as a simple graphical output.

5. Conclusion

The SCOEC programme has been designed to allow small Councils
and consultancy firms the opportunity to systematically
classify environmental and socio- economic criteria as a tool
for maximising land use resources. It provides a mechanism
for observing the interaction of land uses, management
strategies and other activities without affecting the
physical landscape. In the rangeland situation it allows the
comparision of combined vegetation, soils or animal
population mapping exercises, providing an objective analysis
of variations of the interaction of numerous variables.

In its present form SCOEC allows the manipulation of up to
100 variables in each of 30 categories for a gridded input of
matrix 60 x 120 or multiples of this. Refinement of the
programme is expected to result in innovative input
procedures without destroying the user friendly operation or
its applicability to low cost micro- computer facilities.
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Preliminary Observations on Runoff from Mulga Lands

in Different Condition States

S. Glanville+ and J. Mills*

Introduction

Concern over the loss of productivity from the mulga lands of far south
west Queensland, has led to the initiation of an NSCP program to study
runoff and soil loss in these areas. In part, the objective of this work
is to determine the relationship between different land condition classes
and runoff and soil loss. As part of the program, a rotating disc rain-
fall simulator was used to measure runoff from five land condition classes

in a hard mulga land system. This paper discusses the preliminary results
from these rainfall simulator experiments.

Simulated Rainfall

Rainfall in south west Queensland ranges from 250 mm per annum in the far
west, to 486 mm per annum at Charleville. Droughts are frequent and run-
off producing rainfall events may be widely separated. There are consider-
able advantages in using simulated rainfall in this situation, as 'rain'
can be applied when convenient and runoff measured accurately with a
minimum of effort. However, spatial variability is often a drawback with
simulators spraying over small plots. For this reason, the simulator
experiment was carried out on a slope where equipment to record runoff
from natural rainfall events is also being installed. It is proposed to
compare results from the two systems when sufficient data becomes avail-
able from the natural rainfall events.

Land Type and Condition

The experimental area was chosen on the Erac land system approximately
20 km south west of Charleville. The area is representative of the major-
ity of the hard mulga lands in the far south west. Soils are loamy red
earths with gravel and shot prominent both on the surface and throughout
the profile. Depths range from 30 to 60 cm. It is believed there is
little spatial variability in these soils in the absence of groving. This
should allow runoff differences between areas in different condition
classes to be detected with a practicable number of rainfall simulator
runs.

The experimental area was classified into five land condition classes for
the simulator runs. These were bare areas, areas showing symptoms of
sheet erosion, grassed areas, areas with substantial woody shrub canopy
cover and areas under mulga trees with substantial litter (mulga leaf)
cover.

Methods

A trailer mounted rainfall simulator was used to spray one square metre
plots (Glanville 1984). A uniform rainfall intensity of 56 mm ha -1
(moderate storm intensity) was applied. Runoff was measured every two
minutes until the runoff rate stabilised.

+ Soil Conservation Research Branch, Queensland Department of Primary
Industries, Toowoomba.

* Land Resources Officer, Queensland Department of Primary Industries,
Charleville.
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This usually occurred within 30 minutes of rainfall commencing. Replic-

ation was obtained by carrying out a minimum of three runs on sites with
similar cover within each land condition class.

Plots were selected visually to be typical of each land condition class.
Each plot was set up by inserting galvanised steel plates into the ground
on three sides of the plot. The soil was extremely dry, hard and brittle
and a jackhammer was used to open slots in the soil into which the steel
sides were hammered. A collecting gutter was installed on the open down -

slope side of the plot.

The surface of each plot was undisturbed. The poor infiltration character-
istics of the soil prevented any lateral movement of water below the
surface, so that infiltration was assumed one dimensional. The steel
plot -sides and the gutter did not appear to interfere with the runoff,
and the sides were always inserted below the estimated depth of wetting.

Visual estimates (using a market quadrat) were made of total cover (aerial
canopy cover of grasses and low shrubs, plus litter) for each site, and
basal diameters of perennial grasses in each site were measured.

Results and Discussion

A simple plot of percent total cover against total runoff (expressed as a
percentage of rainfall applied) for all sites after 20 mm of rain had
been applied, is shown in Figure 1.

( %)

Total
runoff f

after
20 mm

rain

100

75

50

25

10 20 30 40 50 60 70 80 90 100

( %) Ground cover

Fig. 1. Effect of ground cover on runoff
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The curve is described by the equation.

y = a + bx + cx2 + dx3 (1)

where y = runoff, x = total cover, a = 12.16, b = -.0561, c = .001 and
d = 6.333E -6.

A correlation coefficient r2 = .77 was obtained, indicating that runoff
is largely dependent on total cover regardless of vegetative type.

Another approach is to use USDA Soil Conservation Service Curve
Numbers as an index of runoff from the plots through time. The Curve
Number method empirically fits a particular type of curve to the data
from each plot until the least sum of squares of differences from the
curve is reached. The purpose of using curve numbers is simply to derive
an index of runoff for each plot. Actual curve numbers are obtained using
the equations

Q = (P-.2S)0/(P+.8S)
CN = 1000/(10+S/25.4) (Hawkins 1979)

where Q is total runoff, P is total rainfall and S is a retention factor.
CN = curve number. For all but one of the plots, r2,s of measured and
calculated runoff using this technique were better than .93. One sparsely
covered plots, where substantial runoff occurred, r2,s of .999 were found.
This agreement gave confidence that the curve numbers are a useful index
for comparing treatments.

A relationship between total cover and curve number was derived to
compare sites and predict runoff for rainfall events of varying
magnitude as shown in Table 1. These data enable comparisons to be made
for a much wider range of rainfall events than originally carried out in
the field.

Table 1. Runoff predicted from per cent cover and rainfall.

Per cent cover 0 10 20 30 40 50 60 70 80 90 100

(curve no.) 96 96 96 95 94 93 92 90 88 85 82

Rainfall (mm) Runoff (mm)

10 3 3 3 3 2 2 1 1 0 0 0

20 11 11 11 10 9 7 6 5 4 2 1

30 20 20 20 18 17 15 14 11 9 7 5

40 30 30 30 27 26 24 22 19 16 13 10

50 39 39 39 37 35 33 31 27 24 20 16

Curve No. = 95.8 + .035x - .001737x 2

x = per cent cover. r = -.883

In figure 1, one site lies some distance from the curve. This site
had over 80 per cent cover of mulga leaf litter, but with no growing
plants over the one square metre plot. Runoff (curve no.) was unusually
high, possibly because the leaf litter was so tightly trampled that water
did not readily penetrate through to the soil and runoff was promoted.
Similar effects have been notes by Ciesiolka (pers. comm.) in plots with
substantial Eucalypt leaf cover.
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A weak correlation was obtained between basal areas and runoff
(expressed as curve no.) with r = -.38). Pressland (1981) also found no
relationship between basal cover and runoff on hard mulga lands. It

seems that in hard mulga lands where basal cover is very low (usually <
one per cent) that litter and canopy cover are a much more meaningful way
of measuring cover as it relates to runoff and infiltration. (In 34 of
the 40 plots studied basal areas was < one per cent).

Discussion

These data suggest that the major factor affecting runoff in this experi-
ment was vegetative cover, and that the nature of the soil surface and
the type of vegetation had relatively little effect on runoff. Since no
significant differences were found between Curve Numbers for bare sites
and eroded sites, it also implies that infiltration for surfaces showing
symptoms of sheet erosion is not significantly less than for intact bare
surfaces, at least under the conditions of the experiment.

The relationship between runoff and cover as expressed in Figure 1
and Table 1 shows that 50 per cent or more surface cover is required to
markedly reduce runoff.

In recent survey work funded by the Australian Wool Corporation
(Mills, unpublished data), five land condition classes were identified
based on the amount of ground cover, turkey bush or other woody weed
cover, extent of sheet erosion and palatability of the pasture species
present. This work indicates that the average property in the far south-
west has only 45 per cent of its mulga lands with more than 50 per cent
total cover. This means that 55 per cent of an average property will
effectively lose more than half of any storm rains of 20 mm or above as
runoff. This could conceivably reduce an average 375 mm rainfall down
to 190 mm of effective rain which is retained in the soil for plant
growth. This contrasts with areas with 80 per cent cover or more, where
runoff particularly from smaller events of 20 to 30 mm is predicted to
be only 3 and 9 mm respectively.

The preliminary data collected in this experiment suggest that an
assessment of total cover (which includes aerial canopy cover of grasses
and low shrubs as well as litter) may provide a quick and reliable
indication of the runoff and infiltration and hence soil moisture
availability following rainfall events in hard mulga lands. As available
soil moisture is regarded as the most important factor influencing
vegetative growth in arid rangelands, total cover may be a ready and
appropriate measure of potential vegetative productivity.
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FORECASTING REGIONAL PATTERNS OF SOIL EROSION FROM SATELLITE

IMAGE DATA

G. Pickup

Division of Wildlife and Rangelands Research, CSIRO
Introduction

Soil erosion in the flat arid grazing lands of central Australia does
not occur uniformly over large areas. Instead, a complex mosaic of

erosion cells develops in which some parts of the landscape shed soil,
other parts accumulate the eroded material and intervening areas experi-
ence intermittent scour and fill as waves of sediment are transported
across them. The development of these mosaics is described by Pickup
(1985) and occurs because the landscape is flat and the principal agents
of erosion are wind and sheetflow rather than channel flow. These

agents favour the development of scalds and large areas of sheet erosion

rather than gullies. They also produce thin splays of deposition which
vary in size but can cover large areas. These deposition areas are
favoured sites for plant growth which stabilises them and promotes
further accumulation of material.

Erosion cell mosaics may change their characteristics if grazing
pressure or rainfall is substantially changed. It is therefore possible
for previously eroded areas to "recover" if new sediment is deposited or
if plants stabilise them. It is also possible for previously stable or
deposition areas to lose soil as erosion thresholds are reduced by the
removal of vegetation or as the intensity of erosive forces increases.

The ability to forecast the behaviour of erosion cell mosaics is a useful
tool for grazing management because it shows which areas are

erosion -prone, which ones are likely to be stable, and which ones will
accumulate the eroded material. Conventional methods based on hydraulic
principles and sediment transport equations cannot do this except in

small areas and on relatively simple topography. It is therefore
necessary to take a different approach which uses trends in cell

behaviour as the basis for prediction rather than attempting to build up
general trends from the summation of microscopic processes. This

approach requires more than ability to predict the behaviour of

individual cells. It must also be able to handle complex mosaics of
interlocked and overlaid cells changing and interacting with each other
simultaneously.
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I n developing a new approach it is useful to consider what types of
change need to be modelled to allow forecasting to be carried out. Four

types of change occur when an erosion cell mosaic is disturbed by
variations in the erosion threshold or the driving forces. Firstly, the
average condition of the system may change. Secondly, the frequency
distribution of conditions in stable, eroded and depositional areas may
change. Thirdly, the individual patches of erosion and deposition may
spread, contract or be broken up into smaller patches producing changes
in the spatial autocorrelation function. Fourthly, new erosion cells may
develop. It appears, however, that there is a high degree of both
temporal and spatial autocorrelation in the behaviour of eroding systems
so the development of new cells is only a small part of the total change
which occurs. This makes it possible to forecast by modifying and
extrapolating existing patterns in the landscape. We are therefore only
concerned with modelling changes in spatial dependancy and in the

frequency distribution of system states to produce an adequate forecast.
In many areas these changes may be handled by relatively simple

stochastic processes. The rationale for the stochastic model used in

forecasting is given in the next two sections.

Mathematical Model of the Erosion Process
A prerequisite for the development of erosion modelling methods based on
cell behaviour is the ability to map erosion and deposition at the

landscape level and express it as a single variable. The loss or gain of
soil material is associated with changes in both the cover and greeness
of vegetation. The relationship can be so strong that cover and

greenness can sometimes he used as a surrogate measure of the extent of
erosion and deposition. Cover and greenness can be detected and

measured from Landsat. Pickup and Nelson (1984) have developed a soil
stability index which exploits this characteristic and at the same time
filters out the effect of confounding factors such as differences in the
colour and brightness of both soil and vegetation. The index also has
potential for multi -temporal use because the method of computation partly
removes the effects of differences in scene illumination, amount of

shadow present and atmospheric interference.
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The techniques used to predict changes in the soil stability index
are based on newly- developed image models and treat soil erosion as a
spatial stochastic process. In this formulation, the pattern and intensity
of erosion and deposition within an area may be described by the
frequency distribution of the soil stability index and the relationship
between the value of this index at a point and the values at neighbour-
ing locations. When the erosion process intensifies, all these
characteristics change. In the more eroded landscapes, the mean of the
soil stability index values shifts towards a more eroded condition while
the variance increases, reflecting the presence of more erosion and
deposition. The strength of the relationship between neighbouring pixel
values also increases, due to the intensification and expansion of the
erosion cells.

This kind of behaviour may be described by the simultaneous
autoregressive random field models developed by Kashyap and Chellappa
(1983). In the formulation used by Pickup and Chewings (in press) the
value of the soil stability index at each location is expressed as the sum
of its eight immediate neighbours multiplied by a set of autoregressive
parameters plus an underlying pattern series value scaled by the
underlying pattern series variance. The model is really a mathematical
black box without strict physical meaning but the parameters can be
given some physical interpretation. Under these circumstances, the
autoregressive parameters indicate how strong the relationship is between
neighbours (i.e. how uniform an area is) and may be regarded as an
indicator of the degree of erosion cell development. The underlying
pattern series variance is a measure of the frequency distribution of the
soil stability index within the framework of the model. The underlying
pattern series contains information on the location of particular values of
the index and when not scaled by its variance could be regarded as the
pattern of erosion and deposition existing in the landscape without any
erosion cell development.

All parameters of the model can be derived empirically from a given
set of soil stability index values. It is also possible to produce an
estimate of the underlying pattern series values by the process of

inverse filtering. This involves removing any scaling present and the
relationships between neighbours set by the autoregressive parameter
values. The resultant series might therefore be regarded as the pattern
of spatial variability latent in the landscape.



22

The basis of the forecasting technique is the tendency for more
intense erosion to enhance the existing pattern of cells rather than
create a new one. As long as this assumption holds, it should be
possible to predict the effects of further erosion by using the
underlying pattern series with the scaling and autoregressive parameters
for a more eroded condition to generate a new set of stability index
values. I n effect, this imposes a different frequency distribution and
degree of cell development.

Obtaining the parameters for a more eroded condition is simple. All the
user must do is to select a prototype area in a more eroded condition
than the area for which a forecast is required and then fit a model to it.
The prototype area should have or have had similar soils, topography
and vegetation to the forecasting area.

Software Availability
All the computer programs needed for erosion forecasting have been
implemented as part of the Micro -Brian satellite image processing
package. Micro -Brian runs on a IBMXT/AT type personal computer
making it possible to build a sophisticated image processing facility for
about $ 30,000 which includes image display and hard copy.
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RANGE ASSESSMENT AND MONITORING : THE USE OF
CLASSIFICATION AND ORDINATION FOR ANALYSIS

B.D. Foran,
CSIRO Wildlife and Rangelands Research,
P.O. Box 2111 ,
Alice Springs, N.T. 5 750.

ABSTRACT
Practical range assessment can benefit from

classification and ordination procedures frequently used
in ecological research. We have developed a stepwise
procedure which first classifies the type of pastoral
country and then its degradation status. When reassesments
through time are made, the dynamics of a site or paddock
can be qualitatively described in relation to the main
influences of climate, fire, grazing and soil differences.
The methods of analysis are currently available on large
mainframe computers, but transfer to desktop
microcomputers does not present any practical problems.

INTRODUCTION
Range assessment has been used in Australia for the

last 15 to 20 years, and all rangeland states have
assessment and monitoring programs. Methodological
problems such as how to collect data and how to analyse
data are still rife. However the more.important questions
of "why" we assess and "how" we translate results into
practical management decisions are still unanswered.
Wilson (1936; has correctly criticised the validity of
ecological standards when dealing with a grazing industry
whose main concern is the production of palatable forage.
In a broader sense we have not developed models of pasture
dynamics which separate the dominant effect of climate
from the ocasionally important effect of grazing, or the
devesta.t i ng effect of fires and drought. An assessment of
palatable forage alone without a model of vegetation
change lacks a predictive component. It is true however
that the suggested changes implied by the so called
"ecological" methods are spurious because they are based
on irrelevant ecological models.

We have attempted to develop an assessment framework
in which interpretation of ecological or production
criteria comes after analysis rather than before it. The
procedure attempts to answer three questions in turn:

1. In what type of country is our survey site?
2. Within a type of country thus classified, can we

separate the effects of climate from that of grazing
and fire?

3. Given a number of assessments over time, can
realistic descriptions of trend be made?

This framework has been developed in central Australia and
tested in a series of workshops with range assessment data
from a wide variety of locations throughout Australia.



24

Each of the three components in the framework is discussed
below.

(a) CLASSIFICATION OF RANGE TYPE
The type of country is usually classified by an

experienced ecologist or manager with reference to
published material such as maps and reports, and their own
classification developed over time. Such experience is
seldom bettered, but difficult to transfer to.new workers
and to standardise throughout a district or a state. We
suggest that the classification of range type should be
stable within a 100 year time frame and ideally based on
four criteria: climatic zone, geomorphic unit, soil type
and presence of long lived perennial plant species.
Absence of good assessments of the first two are often
1 act, i n9, and we have found that a presence /absence
repseser,ta.tioni of soil type and perennial plants, used
with. a classification 'black box" called the Information
Sta`.istic.r gives classifications which agree well with
those produced by experienced field workers (Foran et al.,
1926) . In all cases there are 6% to 12% of "misclassified"
sites where the machine output does not agree with the
experts opinion. Many of these are intergrade or ecotone
sites which in any case are lumped with "something
similar" by the expert. Alternatively the machine
classification sometimes suggests that inappropriate data
has been used (es soil depth classes which were
meaningless in the field), or that the data was not really
a. +.:table for the task to which it was applied.

"Why go to this trouble when I can do as well in my
brain ?" is a comment we frequently receive. Classification
routines view all factors simultaneously before separation
occurs, a feat we average herb watchers seldom achieve.
Instead we assess only those factors we "know" to be
"important" and thus classify on the basis of 3 -5, while
20 -40 factors-are readily apparent. Thus machine
classification is more broadly based and can augment the
"field" classification particularly where "strange" sites
begin to occur, and when range assessment programs begin
to encompass 200 to 5000 sites. In' addition it may be
worth stating the obvious, that classification is needed
t,o reduce complexity - - -- the old argument of the lumper
VCwsus the splitter.

(b) DEGRADATION STATUS or CONDITION "STATE"
Basic to the concept of isolating changes due to

grazing management, is that all assessment sites in a
-ansa type must be compared to each other simultanteously
withoutthout preordai r,ed - standärds or so called "benchmarks"
being a part of the analysis. There is however a need to
use ancillary information on climate, graz i ng, fire, soil
and other managerial factors to help explain why classes
were formed, or which influences in the data are
sigriificent.
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Our testing has shown that with herbage species
.

composition from sites in the same range type, either
classification or ordination using a "buck box" called
the Bray,' Curtis Metric, will separate assessment sites on
the basis of the dominant factors influencing their
species composition; in our case rainfall, grazing and
sire

( Fig. 1. from Foram et al . , 1986) .
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The data requirement is not restricted to species
cc'rpositior} of the herbage layer alone. Friedel (unpubl. )
obtained similar results when species were combined into
functional groups, and we expect similar results with
forage palatibility classes based on either biomass or
cover. In addition, different data types such as herbage
composition, plant cover or forage yield, and shrub
density can be combined into a numeric score (called a
dissimilarity, value) once appropriate weighting factors
have been developed. The Bray Curtis Metric has been shown
to he both practically and theoretically robust for a wide
range of applications (Beals, 1984).. When assessment sites
have been put into classes, or ordered with respect to
each other, the computer- programs produce correlation
matrices which relate (for example) the vectors of an
ordination to the ancillary site data on climate, grazing
pressure or distance from water etc. and the dominant
influences can be extracted. In our test data , the
grazing influence C? range condition) tended to be lesser
in importance than climate and sometimes soil variation.
Although the separation of influences still relies on a
degree of experience and judgement, the strength of system
is that an attempt is made to deal with all influences' at
erce in comparison to the rather arbitary "benchmark"
procedures oh which traditional range assessment depends.

(c) RANGE TREND
The predictive component of range assessment, "range

trend", does_ not have a history of solid success in
Australian rangelands. This is due I suspect to the
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uncritical adoption of overseas methods rather than the
development of our own community change models. The most
important advance in the past decade has been the
recognition change in our rangelands is episodic, that it
occurs in response to three or more influences at once,
and that the linear- relationship between system state and
stocking intensity exsists only in the the mind of the
originator of said heresy.

We have attempted to sidestep our way around the
problem adopting the methods of. Austin (1977) whereby the
trajectory of sites through ordination space (or species
space) with time, gives a qualitative description of
system behavior mainly with relation to climate (Fig. 2
from Foran et al . , 1986) .

Figure 1 Principal coordinate ordination of site times through species space for I I calcareous shrubby
grassland sites over a four -year period. Vector 2 is correlated with range condition and vector 3 with season of

growth response.

-When individual sites diverge from what is a general
pattern of behavior, this is an indicator of trend which
has both a "directional" and "distance° component. It is
not an absolute measure of change but an indicator of the
different behavior of a site or group of sites. The reason
for the different behavior must then be sought by
comparing ancillary data on climate, grazing and fire for
normal and divergent sites. This method has been
successful for charting community changes 'in a rabbit.
impact study (Foran, 1986), with field data in the
development of this analytical framework, and in a test
case at Supplejack Station (Bastin, this meeting).

APPLICATION of ASSESSMENT FRAMEWORK
This framework has been tested with data sets from

four of the five rangeland states. The overall reaction to
the framework is favorable but uptake has been reluctant
or slow. Apart from field workers reticence about "gee
whiz " methods, perhaps the greatest limit to acceptance
has been that the computer analysis must be be done on the
CSIRGNET mainframe, and the links are difficult to
establish from bush locations. It is possible to rewrite
the software 'so that it runs on personal computers, and
this would enable the framework to be used by field
workers more easily, if the demand for the analytical
framework exists.
REFERENCES
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APPLICATION OF ADVANCED TECHNIQUES IN

PROPERTY ASSESSMENT - A CASE STUDY.

(G. Bastin, Dept. Primary Production, PO Box 2134,

Alice Springs NT 5750)

Introduction

Established techniques of rangeland survey have relied on largely
subjective assessment methods. These have included part, or all, of
rangeland inventory; assessment of range condition; and some evaluation
of land capability. Objectives have varied, but for the NT Department of
Primary Production at least, the aim has been to distinguish grazing
effects on the landscape from more dramatic, and frequent, climatic
influences and occasional fire effects. Difficulty in analysing data has
given largely subjective results dependant on the skill and expertise of
the survey team. Differences in perception and memory recall over time
plus changes in staff also increase subjectivity. Survey reports have
generally lamented any degradation which has occurred without going on to
predict the effects of continued management practices. Additionally, the
large areas involved has meant that information was collected at small,
widely separated points. Extrapolation of survey data to the whole
landscape has usually been entirely subjective.

Throughout arid Australia, departmental responsibilities in the fields of
rangeland administration, production and conservation are dispersed.
Ideally, the different departments should work jointly towards the
integrated management of rangelands for continued stability and
production. However, because of differing priorities and legislative
responsibilities, they seldom liaise effectively. In the Northern
Territory, an opportunity for cooperative involvement was created during
1985 when the Department of Lands (with land administration
responsibilities) approached the Department of Primary Production (with
range management expertise) for advice on rangeland change and cattle
carrying capacity on a remote, recently heavily stocked, cattle station.
We recognised the requirement for an objective interpretation of

available numerical data to present a convincing case to both the land
administration agency and the pastoralist.

The Case Study

Suplejack station is 700 kms north west of Alice Springs. The station

was first stocked in the early 1970s. It lies in a transition zone
between the central semi -arid, and northern dry monsoonal rangeland
types. As such, it has many plant species common to both regions.
Pasture species are generally characterised by higher seasonal production
than the central Australian region but are more palatable than in the
Victoria River District. However, there was little specific ecological
information available for species under grazing in this location. Cattle
numbers had increased from about 1000 in 1973 to greater than 6000 head
on a watered area of 1100 km2 in 1985.

Methodology

Herbage species composition estimates by dry weight were available from
64 sites as part of a rangeland inventory conducted in 1978. These sites
were reassessed in 1985. Classification and ordination programs within
the TAXON package (Ross et al., 1983) were used to analyse data.
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Presence of tree and shrub species, soil type and landform attributes as
binary data were used to classify sites into range types using the
Information Statistic (Grunow and Lance, 1969). Principal coordinates
analysis of herbage species composition data were then used within range
types to trace site -time trajectories through ordination space and give a
qualitative separation of grazing effects from those caused by climate.
Soil stability index maps (Pickup and Chewings, 1986) of the entire
grazed area were obtained using the erosion transform routine of the
microBRIAN package on August 1972 and 1984 Landsat digital data.

Finally, a range of prototypes derived from increasingly degraded

district landscapes were used as erosion forecast models on the 1972

Landsat data. The results of this prediction process were compared
against the 1984 erosion transform map.

Results

Numerical classification of sites according to landform, soil type and
presence of long -lived species resulted in four rangeland types. This
compared with ten groups originally subjectively named by inexperienced
assessors in this environment. This reduction resulted from the

progressive fusion of similar groups at the lower end of the

classification dendrogram until a satisfactory and manageable separation
was achieved. This meant that there was a small gradient within each
range type due to landscape heterogeneity. However, this was considered
manageable and the resultant increased group size significantly
simplified subsequent data analysis.

Ordination of site -time trajectories illustrated the large changes in
species composition on some sites and the resilience of other areas under
intensive grazing (Fig. 1). Site -times having the largest trajectories
correlated well with our subjective assessment of extensive degradation
during the 1985 survey (Table 1). These sites were predominantly sandy
alluvial creek frontage areas which were actively eroding and had changed
from palatable grasses ( Themeda avenaceae, Eulalia fulva) to unpalatable
Aristida inaequiglumis. Clay flats, despite also being heavily grazed
and giving the appearance of substantial landscape degradation, had level

stable soils and retained Eragrostis xerophila as the dominant species
over the 7 year period. These sites had small trajectories over time
(Fig. 1). Small isolated eucalypt swamps with tall rank Themeda
avenaceae remained ungrazed and stable in the site -time ordination.
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Figure 1. Site -time trajectories of selected Alluvial Woodland sites

according to herbage species composition; 1978 and 1985.
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Table 1. A comparison of the amplitude of site -time trajectories (from
principal coordinate analysis) and the subjective field

assessment of trend for the Alluvial Woodland range type.

Relative PCoA Field classification of trend -number of sites
trajectory
distance Stable Slowly Rapidly

degrading degrading
0 - 10 3 2 1

11 - 40 2 9

41 - 100 5 4

greater than
100 2

Analysis of Landsat digital data with the mícroBRIAN erosion forecast
software allowed landscape stability at the commencement of stocking to
be compared against the recent (1984) situation. The transformed image
for 1984 provided a good indication of the extent of vegetation cover
change on preferred grazing areas which correlated well with the
ordination of site specific change in plant composition data and our
subjective field assessment of susceptibility to erosion. The
misclassification of bare ground as erosion following fire in spinifex
(Triodia pungens) country masked the degree of soil stability change in a
comparison of mapping results between 1972 and 1984. Direct comparisons
would be valid with the future digitising of landsystem boundaries to
delineate specific areas required in the time -series comparison.

Mapping results from regional prototypes used as models for the

prediction of future erosion using 1972 digital data overstated the

extent of degradation when compared against the 1984 erosion transform
(Table 2). As all prototypes were more degraded than the 1984 scene, the
result is not surprising. The most appropriate prototype showed
reasonably accurately where future erosion and deposition would be
concentrated if present heavy grazing continued in conjunction with
future intense rainfall events. The most apparent anomalies between the
predicted and actual course of degradation occurred in small soil
depositional sinks close to watering points where grazing pressure had,
to this stage, suppressed increased vegetation growth. The forecast
image for spinifex country on the periphery of grazed areas was

confounded by time since the last fire at the 1972 Landsat overpass.
Recently burnt country was mapped as erosion (source) areas while the
vegetation cover of mature spinifex stands was predicted to increase and
was misclassified as depositional areas.

Table 2. Comparison of mapping results for 1972 and 1984 erosion
transform maps, and a forecast on the 1972 data using a

degraded prototype.

Landsat data Area (km2) classified into each category
Eroded Stable Depositional Total

1972 erosion
transform 61 304 4 369

1984 erosion
transform 88 278 3 369
forecast with
degraded prototype 124 241 4 369

Discussion

The availability of techniques to analyse multivariate numerical
information collected from the whole landscape considerably increased the
objective content of material supplied to the Department of Lands. For
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some Land Board members, the report confirmed their recollection of the
extent of vegetation change between two lease inspections over a seven
year period. This possibly increased their confidence in acting on an
intuitive assessment of landscape change and seeking to have current
grazing management practices changed.

Multivariate statistical techniques are a recommended method for

simplifying the complexities of range assessment data (Hacker, 1985).

Following an earlier demonstration of their usefulness (Foran et at.,

1986), classification and ordination have now become established
statistical techniques for the analysis and interpretation of soil and
plant data collected in the NT range assessment program. The collection
of additional information on rainfall, fire history and grazing intensity
is allowing us to correlate these attributes against species ordination
vectors and to describe and partition the influence of each stimulus on
site trajectories through time. Thus, objectivity has been introduced
into defining and quantifying the grazing management component of

temporal trend. When grazing effects can confidently be separated from
the larger, and more apparent climatic effects, it should be possible to
increasingly predict the effects of continued current grazing management.

The comparison of various forecasts from 1972 Landsat data against the
erosion index map derived from 1984 data using the microBRIAN erosion
forecast program has demonstrated its potential in highlighting those
areas susceptible to degradation. The geomorphological processes of

erosion and deposition described by Pickup (1985) operate in a similar
manner at both this remote location and that where the methodology was
developed. The interacting influence of fire on vegetation cover change

in spinifex country can be interpretted with reference to land system and
fire history maps while future microBRIAN software will allow specified
forecast areas to be subset and analysed. The ability to predict the
outcome of current management at the paddock level should make the

package a valuable extension tool. This usefulness is enhanced by the
ready availability of colour hardcopy images. Microcomputer based image
processing equipment should allow paddock area forecast images to be
correlated against objectively interpreted measurements from range

monitoring sites.

The opportunity to provide objective technical land management
information to the NT land administration agency has fostered
communication between two land based departments. The future may see an
increased emphasis placed on land management assessment and monitoring by
officers of the NT Department of Lands, while range management personnel
of this department should be more technically competent to provide
predictive land management advice to pastoralists and client land based
departments.
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Modelling animal ranging behaviour: implications for
production) and soil erosion in our arid lands.

D.M.Stafford Smith
CSIRU Division of Wildlife and Rangelands Research.

2111. Alice Spr i nc ts , NT 5750.

INTRODUCTION

Approaches to modelling the ranging patterns of sheep
and cattle have included detailed process models, regression
models and knowledge -based systems. The most important
element of all three of these approaches is that they model
spatial patterns explicitly, so that they can be integrated
with spatial models of other processes such as soil erosion
and vegetation responses to different soil types.

Regression models offer a reasonably cheap and quick
description of how animal grazing and physical impact is
likely to be distributed in a large area. By this technique,
the use of an area within one paddock is modelled in terms of
its spatial location - factors such as distance from the foci
of water and campsites - and its local characteristics - such
as vegetation type and preference. It is also possible to
extend these models to describe how patterns of use should
change as climatic conditions and season vary.

EXAMPLES

The regression model approach has been successfully
applied to sheep in South Australia, and to cattle in central
Australia. ' In both cases, animals are ranging in large arid
zone paddocks, and distance to water was predictably the
dominating effect on paddock usage; however, in both cases
vegetation preferences also played a substantial role in
determining the patterns of grazing distributions.

Sheep

All animals were regularly mapped in up to three paddocks
for periods of 4 days, 4 times per year between 1980 and 1983.
In one paddock, 174 maps were selected such that there was no
more than one early morning, one midday and one evening map
per day. The paddock was divided into 53 cells, each 500 m
square, and each cell was characterised with respect to its
distance from water, shade, night -time campsites, vegetation
type, the presence of fences and density of woody vegetation.
Regression models were then constructed of the dependance of
the total observations per cell on the cell characteristics.
(For further details of the method, and specific transforms
used, see Senft et al. 1983, and Stafford Smith 1986).

Models of this type can also be constructed for different
activities (e.g. grazing as opposed to moving, in order to
separate the direct impact on vegetation from mechanical
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impact on the soil), and for different weather or seasonal
conditions. In different seasons, in particular, the
importance of distance to water will vary; however, there are
some statistical difficulties with dealing with variation in
bol h time and space simultaneously.

The results are illustrated i r F i ça. 1 for a model of total
.act ivi t_y, shown beside the observed distribution in this pad-
dock. The model. which explains 88.5 od the variance. is;

Predicted activity -1.56 (constant)
61.03 d (inverse dist. to water)

- 28.33 * p (vegetation preference)
1.12 / (1`2 (i nv . sq . dist. to water)
0.28 z s (dist. to shade)
1.09 * f (fenceline effect)

where distances (d, s) are in metres, the vegetation prefer-
ence is a ranking of vegetation types within the paddock from
1 to 3 (most preferred), and f is 0 or 1 for the absence or
presence of a fenceline within the cell. The predicted
values are then transformed for Fig.1 so that the mean activ-
ity level in the paddock is i per cell; cells with values
greater than 1 are thus over -used, and those with values less
than 1 are under -used.

Validation of models such as this in other paddocks is
still proceeding; simple models, such as the one quoted,
are somewhat specific to the paddock from which the model is
obtained, but more complex models, which allow for changing
seasons, are proving more transferable between paddocks.
Such models are, however, also more difficult to assess stat-
istically. In general all models are best in moderate
climatic conditions, and least good in extreme conditions;
this reflects the availability of data for model construction.

Figure 1: (a) observed and (b) modelled mean activity
levels of sheep in 5 lia cells ira Jervoise paddock, Middleback
Station, S.A., 1980 -1983. Shading shows 'over- used' cells.
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Better results can be obtained also from fusing theoret-
ical and pragmatic model building procedures. Thus, a useful
model which does respond to changing environmental conditions
has included the following terms: V /d, T /d, W /d, 1/d T *W /d,

R, p, s *V, 1 /dY2. f. where V is an index of vegetation cond-
ition, T is mean maximum temperature during the period to be
modelled, W is wool length cm), R is rainfall in the preceed
i ng 90 days (mm), and1 p, s, &1 and f are as above. The first
5 terms of these were predicted to be important on the basis
of a theoretical model of the effect of water balance on
ranging distance, whilst the remainder were included by the
stepwise multiple regression.

Cattle

Using data collected by aerial surveys every two weeks
during 1971 -73 in central Australia as described in Low
1973), similar models have been constructed for cattle
distributions. These models are in early stages, but simple
models based on distance from water and vegetation preferences
can explain up to 50% of the variation in observed distribut-
ions. For example, the model:

In (predicted activity + 1) = 2.46 (constant)
- 24 * d
+ 7.13 / d22 '

+ .115 * p

explains 43.7% variance, where d and p are distance to nearest
water and vegetation preference index (here 1 -7) as above.
Models which are constructed separately for each vegetation
preference level can explain up to 70% variance, and models
which are specific to different seasonal conditions are
currently being tested.

USE AND INTEGRATION '

Because of the intrinsic low productivity of pastoral
lands, management in the arid zone is low intensity. The
main management inputs which impinge on the condition of the
land are usually the control of total stock numbers in a
paddock, and the control of their distribution within the
paddock by positioning of fences and waters. The main value
of these models is to permit a rapid assessment of how
patterns of vegetation impact (through grazing) and soil
impact (through trampling) would be likely to change if water -
points or fencelines were adjusted. Programs being developed
as part of CSIRO's RANGEPACK programme will permit interactive
testing of alternative arrangements for particular paddocks,
and will thus aid in paddock planning.

Animal distribution models can be integrated with other
spatial models for land management purposes (Fig.2), as illus-
trated by a typical cattle paddock in central Australia in
Pickup & Stafford Smith (1986). There, erosion forecasting
was performed on an area from LANDSAT data (as described by
G.Pickup elsewhere at this meeting) to identify areas which
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are most susceptible to increased erosion or deposition. . A
model of cattle usage of the paddock then indicated the areas
which would be most heavily affected by grazing; the super-
position of these two maps immediately showed where cattle
impact would be most likely to accelerate natural erosion
processes.

The tact that an erosion - prune area of the country is
being used by cattle does not automatically imply that all
cattle should instantly be removed from this productive land;
however, it does mean that this is the area of the paddock at
which management practices should be aimed, and from which
stocking rates should be set. An integrated technique such
as this can also be used to identify areas where monitoring
should be taking place.

CONCLUSIONS

The challenge to those who try to make good ecological
management strategies available is to demonstrate that these
are compatible with, if not essential for, long term economic
productivity. Economic assessment of existing systems tends
to examine minor changes and optimise current management
procedures; rarely does it concern itself with radical
alterations to overall management strategies and philosophies.
Predictive models, such as those described here, offer an
important way of testing out and assessing major changes to
management patterns, which may result in better long term
productivity, but which are too expensive to make on a trial
and error approach in the real world.

The scale of the arid regions demands that allowance be
made for heterogeneity 'within, rather than between, management
units. Spatial interactions between neighbouring areas
become fundamentally important in this. It is thus critical
to have spatial models of erosion processes and animal
behaviour in rangelands, and their integration will add a
powerful tool to the land manager's working kit.
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ASSESSMENT OF RANGELAND VEGETATIO1 BY
PRINCIPAL COMPONENT ANALYSIS

Zahranl, B.B., Holm2, A.McR., Sterni, W.R.
and Loneragan , W.A.

1. Introduction and objectives
The annual and biennial vegetation of a degraded

'

rangeland, on
sandy and duplex soils at Boolathana Station (24° 39S, 113° 42/E),

near Carnarvon, Western Australia was assessed between December 1983
and April 1985.

The florisitic analysis described in this paper was undertaken
with three objectives in mind: (1) to determine the effect of soil
type, (2) of seasonal variation and (3) if possible, the effect of
grazing pressure on the distribution patterns of annual and biennial
species.

2. Methods
2.1 Field methods

Six paddocks were available for sampling: one had stock

excluded and the other five were subjected to specific levels of
grazing pressure. Within each grazing paddock two sampling sites
characterizing the study area were selected; each site contained
areas of the sandy and duplex (or interbanks) soil phases (Figs 1B,

1C).

At each site, 10 pairs of 0.5 m2 (1 m x 0.5 ml quadrats were
spaced 10m apart along a line, 10m on either side of the transect.
The presence was recorded of all annual and biennial species with
cover, falling within the quadrat boundaries.

From their occurrence in the 20 quadrats at each site, species'

relative frequencies were calculated as the quantitative measure of
florisitic composition.

Sampling began in December 1983 and continued, at approximately
six weekly intervals, until April 1985. No sampling was undertaken
between December 1984 and March 1985. There were 9 samplings
altogether.
Results

A total of 90 species were recorded over the entire period of
the study.

Differences in species numbers and their relative abundances
were evident between sites and over the period of the study.

2.2 Analytical methods
In anticipation of the presence of spatial and temporal

gradients within the recorded data, ordination was considered the

most appropriate method of analysis. Centred Principal Component
Analysis was used. Analysis was approached in two stages. The first

to identify any soil /vegetation pattern, and the second to identify
seasonal and stocking rate effects.

The initial set of 90 species was reduced to 38 species by
means of the 'Eident' approach of Dale and Williams (1978) .

Part of a thesis submitted by the senior author for an M.Sc. Agric
degree at the University of Western Australia.

1 Agronomy Group, School of Agriculture, University of W.A.
2 Department of Agriculture, Carnarvon, Western Australia.
3 Department of Botany, University of W.A.
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3. Results
3.1 Soil effect

In this analysis, the 38 species data set was used.
Species and site ordinations indicated a clear floristic change

between the sandy and duplex soil types (Fig 2). Together, axis 1

and 2 accounted for 63% of the observed floristic pattern.
Subsequent axes contained either similar or no useful information.
On the basis of this pattern, the sites could be separated into two
uniform groups, reflecting the basic soil types.

3.2 Seasonal and stocking rate effect
In order to identify any seasonal effect, data for each of the

9 sampling periods were kept separate. The basic data matrix thus
comprised 90 species and 99 effective sites (here termed sub -sites).

Using the earlier 'eident' values as a guide, the 90 species
were reduced to 49 and 45 species for sandy and duplex soils
respectively. This was equivalent to species with frequencies of

occurrences of > 6 in sandy and > 5 in duplex soils.
The species ordination of the sandy soil sites (Fig 3.A(i))

shows most species to be clustered in their distribution with only a
few species located towards the ends of the two axes. Careful

examination of the identity of these species however, indicated a
pattern related to seasonal changes over the study period. Species
occupying the right hand side of Fig 3.A(i) are predominantly the
summer species of high relative frequencies, while those on the left
hand side are predominantly winter species of high relative
frequencies. The remainder, towards the centre of the ordination
figure, were either found throughout the study period in generally
low relative frequencies or were of spasmodic occurrence.

The site ordination of the sandy soils revealed a marked
similarity in the sequential pattern of all sites, from right to

left of Axis 1 (Fig 3 .A(i i) . Site 4 (comprising subsites 28 - 36)
has somewhat lower scores than the other sites on the second axis.

From field observations this site was subsequently found to be
environmentally different from the other sandy sites due to its

topographical position and greater accumulation of surface water
run -off. The results suggest that along axis 1 the sites cluster

into two distinctive groups. One group, sites to the right hand
side, represent the summer period (December 1983 - March 1984) ,

while those of the winter period (from April 1984 onwards) occupy
the left hand side. Within each seasonal segment a soil drying
pattern represented by Axis 2 can be identified (Fig 3). As might be
expected, since the sampling period encompassed a full seasonal
cycle, the sites for the driest months (December 1983 and April

1985) approach one another in the ordination space.
The species and site ordinations for the duplex soils identify

the same basic pattern as was recognized for the sandy soils (Fig

3.B(i),(ii). The difference in relative position of the December
1983 and April 1985 probably reflects greater sensitivity of species
in the duplex soils to differences in the rainfall patterns of 1984,
compared to 1985.

The results identified a stocking rate effect but only between
the two heavier stocking rate and the three Lower ones. Those sites
of heavy stocking rates tended to have higher scores on axis 2,

while those of low stocking rates have lower scores. This
configuration was clearer for the duplex soils than for the sandy
soils.

4. References
Dale, B.M. and Williams, W.T. (1978). A new method of

species- reduction for ecological data. Aust. J. Ecol. 3: 1 -5.
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The potential of rangeland monitoring to facilitate production and
conservation objectives in Western Australian rangelands.

P.J. Curry and R.B. Hacker, Department of Agriculture, Baron -Hay Court,
South Perth, W.A. 6151

In the extensive arid and semi -arid rangelands of Western Australia,
monitoring systems are envisaged as a means by which pastoralists, land use
advisers and administrators can identify changes in resource condition and
work together to achieve pastoral management objectives. Range monitoring is
developing as a system that operates at various scales, through different
levels and techniques, from remote sensing across a whole region, to the
assessment of change at small sites on the ground. The development of
practical methods for detecting and monitoring long -term changes in the
pastoral productivity of rangelands in Western Australia has been pursued
since the early 1970s. A standardised site system for monitoring
shrub -dominated arid and semi -arid rangelands (Holm 1986) is being
progressively implemented. Development of procedures for the monitoring of
grasslands, particularly in the dry tropics, is continuing.

Pastoral management objectives for rangelands in Western Australia have
generally stressed the need to maintain and improve dry season grazing
resources. Rather than maximising short term animal production, maximising
perennial forage reserves to carry conservative numbers of stock through
unpredictable but reliably recurrent droughts has been recognized as a general
aim. Such a strategy reduces the pastoralist's susceptibility to periodic
crises, and, since emphasis is placed on perennial forage components, promotes
both long -term pastoral productivity and landscape stability. The current
range monitoring programme in Western Australia aims to facilitate this
strategy.

General Conservation objectives in Rangelands

Given the increasing public interest in general conservation issues within the
rangelands, however, the question arises of the extent to which such
monitoring programmes and management objectives may satisfy the broader
community objectives for conservation of pastoral lands.

Clearly this question of broader community objectives could not be properly

addressed until such objectives had been formalised. Their general
formulation has now been stated within a major federal policy document and
State policy recommendations are currently before the Western Australian
government.

The report of the Western Australian Government's Pastoral Tenure Study Group
(PTSG) (1986) stated that pastoral land use objectives should (a) 'promote the
efficient use of land for pastoral production without long term degradation'
and (b) 'retain all future land use options'. While the report deals
primarily with management of land for pastoral purposes, the need to retain
all future land use options is a clear statement of broader community
aspirations.

A second major policy document, a State conservation strategy, is currently in
preparation. It seems reasonable to expect that it will adopt principles and
guidelines laid down by the National Conservation Strategy for Australia
(1983), already endorsed in Western Australia. The three main objectives of
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living resource conservation identified by the NCSA are: 1. 'to maintain
essential ecological processes and life support systems'; 2. 'to ensure the
sustainable utilisation of species and ecosystems' and 3. 'to preserve genetic
diversity'. Clearly, the land use objectives set down by the PTSG are based
upon the same premises as the second, and to some extent the first, of the
NCSA objectives. Sustained production- oriented management objectives are
presumably in line with three of the above aims (a, 1 and 2). The
compatibility of production- oriented management with the other two objectives,
the retention of all future land use options and the preservation of genetic
diversity, is more contentious. The retention of all future land use options
may be interpreted as meaning that the potential of land for alternative uses
should not be permanently impaired by pastoralism. This objective, therefore,
contains elements of all three of the NCSA objectives.

The Central Role of Pastoral Management

The PTSG clearly recognised that although government administers the land, it
is the pastoralist who manages it and makes decisions about the use of each
paddock. It is the pastoralist who must ultimately maintain the condition of
productive areas and set out to reverse any undesirable trends in evidence.
Government can and should assist pastoralists in so doing. It must, then, be
worth stating that specific conservation objectives that relate to pastoral
use objectives are more likely to be seriously considered by pastoral managers
than goals that seem irrelevant. It is the task of the resource administrator
to relate and integrate the various objectives of land care and conservation
within a regional framework and to identify any incongruence that arises in
the context of sustained pastoral use. The land user can thus be alerted to
issues of contention and this knowledge can be taken into consideration when
devising a lease -wide set of management objectives.

What then of the broader conservation objectives for rangelands - the need to
retain all future land use options and preserve genetic diversity? These

objectives are not obviously or directly linked with production oriented
management. Yet, for most rangeland areas, management by pastoralists
represents the only means by which they can be achieved.

Meeting Production and Conservation Objectives

For both of these objectives, the maintenance or promotion of soil stability
is a fundamental requirement. Since management to facilitate sustained
pastoral production must also aim to promote soil stability, this aspect of
community concern for rangelands, at least, is entirely compatible with
production -oriented management objectives, and can be accommodated by the
assessment of soil changes incorporated in the monitoring programme. A more
speculative issue is the extent to which the production- oriented objective of
promoting dry season forage reserves is compatible with the preservation of
genetic diversity.

Diversity as a measure of ecosystem stability has been criticised by Goodman
(1975) and Kimmerer (1984). In the rangeland context, the concept lies
somewhere between an unproven and an unlikely application to individual
monitoring sites. Plot -based estimates of floristic species richness,
diversity or evenness may be easily derived from the monitoring techniques in
current use, though they provide only indirect evidence of genetic diversity
in the broadest sense. They also fail to take account of problems of scale,
environmental gradients and patterning in rangelands. Interpretation of
diversity indices is problemmatic for several reasons. There is no
theoretical base from which to select any particular index that is likely to
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be useful for any given situation (Stocker, et al. 1985). Furthermore,
diversity and species evenness may not be simply related to the availability
of forage or browse, or show any marked response to major grazing- induced
changes in the pastoral production status of rangeland vegetation (Hacker
1979). In New South Wales, Margules and Williams (1986) found that species
richness within grazed plots in Danthonia caespitosa communities became higher
than in adjacent exclosures. While species richness is one possible criterion
for assessing conservation status (Margules and Usher 1981) it would not be
desirable as a management objective if its promotion leads to accelerated
erosion or reduction of nutritionally important species or those of special
conservation interest.

Although the taxonomy and distribution of the perennial arid zone flora are
only moderately well- known, regionally comprehensive monitoring sites would
clearly have the potential to provide periodic data on the abundance and
distribution of species. Until appropriate criteria for assessing diversity
become more clearly established, it seems worthwhile to make use of such data
as a baseline from which to gauge changes in genetic diversity. While it is
frequently argued that the judgemental selection of sites as necessarily
involved in the establishment of production- oriented monitoring systems
ensures neither random sampling nor representative coverage of all landforms
and communities, more intensive and statistically based sampling procedures,
such as those discussed by Mentis (1984), will simply not be feasible on the
grounds of logistics and economics. This is an admitted limitation but not
one which necessarily invalidates the approach suggested, especially in the
absence of an alternative. Furthermore, we are encouraged by the observation
that there are evidently no plant species either known or suspected to have
become extinct in Western Australian pastoral lands. In this limited sense,
therefore, pastoralism in Western Australia has not proved to be incompatible
with the maintenance of plant genetic diversity. To this extent at least,
monitoring systems and management objectives which promote sustained
pastoral production should be compatible with the conservation of floral
diversity.

The maintenance or promotion of faunal diversity presents much more difficult
problems. Difficulties of detection, census, taxonomy, seasonality and
mobility would greatly inpede attempts to monitor animal populations at
individual sites. Furthermore the large specialist work force necessary to
achieve such monitoring will not be available in the foreseeable future.
Periodic assessments of fauna, other than the more conspicuous large macropods
or 'increaser mammals' (Caughley 1986) are well beyond the capacity of any
current pastoral monitoring system. There is an undoubted need for wildlife
authorities to obtain more detailed survey and biological information on the
known 'decreaser' species. Whenever such data become available, they should
be extended to both pastoral administrators and land managers if conservation
and production objectives are to be reconciled within particular management
contexts.

While recognizing the difficulties associated with fauna conservation in
particular, we submit in conclusion, that monitoring systems and management
objectives directed at sustainable pastoral production appear to be largely
compatible with the conservation objectives enunciated by Government, although
there is hardly any relevant research on which to justify or refute
alternative approaches. A range monitoring scheme that aims at production
goals is infinitely preferable to having no such system or one without goals.
Progressive realization of its deficiencies and subsequent refinements, can
only serve to foster both conservation and pastoral interests in the
rangelands.
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Grazier Perceptions of Land Degradation

A.G. Robertson and W.F. Musgrave
University of New England

Australian pastoral land policy is undergoing fundamental change in

response to a public desire for improved standards of rangeland
management. The administration of closer settlement policy is rapidly
being replaced by an emphasis on the more conservative use of pastoral
land.

To promote successfully the adoption of more conservative management
in such periods of economic rationalization it is essential that there
be a sound understanding of grazier attitudes to land management and

issues of pastoral land degradation.

In order to determine some of those attitudes a mail questionnaire
was posted to 338 graziers in far western New South Wales (NSW), south
west Queensland (Q) and the eastern portion of South Australia (SA) in
November 1985. Half of the graziers in each State completed the
questionnaire, with a total of 172 replies. The survey area covered the

complete spectrum of Australian pastoral land tenure and administration,
all major types of livestock enterprise and the two most important
rangeland types of saltbush /bluebush and mulga.

Perpetual and term lessees each constituted 44% of the replies while
12% were freehold leases. Half of the replies came from SHEEP /CATTLE

enterprises, while 41% were specialist WOOLGROWERS and 9% ran only BEEF
cattle.

The median age of graziers was 58 years and only 14% of respondents
had less than 15 years of pastoral industry experience. Ninety per cent
of replies were from owners and 82% of these intended to pass the

property to their children.

Average flock size was about 9500 sheep for both sheep /cattle and
woolgrower enterprises. Sheep /cattle enterprises had an average herd of

430 cattle while beef herds averaged 5700 head. Sheep /cattle properties
carried an average of 20% more sheep units than did pure woolgrowers.

In general terms, about 90% of graziers were concerned about issues

of land degradation and the inadequate punishment of those (few)

individuals who deliberately overstocked their leases. Further most of

them aspired to conservative land management. For instance, for half
the graziers in all three states, selling livestock was the most
important drought management strategy and sheep and cattle numbers were
reduced by an average of 20% in the first year of drought and in excess
of a further 16% in the second consecutive year of drought. Most
respondents thought that their most important type of rangeland was
below full productive potential relatively easily damaged and difficult
to regenerate.

Most graziers had well developed methods and criteria for assessing
damage to pastoral land. The means of assessment and answers to other
questions suggested that most graziers had first hand experience of land
degradation and had attempted to regenerate degraded land.
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A persistent concern displayed in response to non -leading questions
and highlighted in the suggestions for the reform of land
administration, was that graziers wanted a stricter enforcement of their

property rights and obligations, and in particular that overstocking be
stopped. Eighty per cent of graziers thought it was necessary to have

conditions and reservations attached to pastoral leases in order to

provide control over the unscrupulous, protection for a fragile land
resource and guidance to the inexperienced. Of the graziers who could
remember the most restrictive obligation placed on them by lease
conditions, half stated it to be stocking rate limitations. Typically
these respondents were not objecting to the concept of maximum stocking
rates but to the inflexible nature of their application.

Almost all graziers were confident about the renewal or retention of
their leases in the future. With the exception of SA graziers there
were very few complaints about current land tenure arrangements. Indeed

83% of graziers maintained that they managed their leases as if they had

been held under freehold title.

The major impediments to improving pastoral land conditions were
stated to be a very considerable problem of small property size, the

peripheral role of land administrations in influencing land management,
a disturbing lack of awareness among graziers as to their lease

conditions, the widely held view that half of all years were droughts
and a tendency to emphasise the role of historal mismanagement and

natural events as the causes of degradation rather than personal
mistakes.

In the questionnaire, graziers were asked to estimate the number of

stock required by a family to run a viable property business and provide
a reasonable standard of living. This estimate was called a living

area. While living areas were quite constant within livestock
enterprises, there were large variations across states and types of

enterprise.

Using data supplied for seasonal carrying capacity and their own
estimates of living area, it was found that 40% of the graziers had a

small property size "problem ", in that the number of stock carried in
average seasons was less than the graziers estimate of what constituted
a living area. If the average living area is taken as a guide then
nearly two thirds of properties have a size problem. The small size
problem occurred across all types of vegetation though it was most
pronounced in the most unproductive vegetation types such as mulga. It

also occurred through all age groups and livestock enterprises and was
most pronouned in NSW and Q, two states that have until recently
enforced very restrictive property size and ownership limitations.

Land administrative structures were seen not only as ineffective in
stopping overstocking in the past, but also as having a wide range of

services to give to graziers.

Most graziers had not read all the conditions of their leases, did
not hold a copy of the lease or relevant Land Act on the property and
did not refer to the lease conditions when making important management
decisions.

Most graziers estimated that 11 of the next twenty years would be
droughts and that there were three basic types of drought which were
water, pasture and water /pasture droughts. The survey highlighted a

stock watering problem in NSW and SA.
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Graziers saw little relationship between land conditions and the
prices paid for pastoral properties. Financial management and the

recumulation of cash reserves were very minor drought management

strategies, while the major problems experienced in droughts were those
associated with cash flow and financing.

Conclusion

Despite their evident individuality there was a very high degree of
agreement between respondents. Degradation appeared to be an important
issue and concern was frequently expressed about the failure of land
management authorities to deal with the problem. Despite this the
responses indicated at least some degree of degradation on most holdings.

Lease conditions and land administration agencies appeared to be of

peripheral concern to pastoralists (this is not meant to imply that they
manage their land badly). If the newly developing thrust of pastoral
land management policy towards influencing pastoralist decision making
and promoting conservative land management is to be successful it will
need to impinge more on pastoralists than present policy does.

Finally, and probably of major importance to land management
practice, the small size of the majority of holdings poses some
important questions relating to adjustment under the more liberal land
policies now being introduced and its influence on the incidence of
degrading practices. This is an important area for economic research.



CONSERVATION OF THE SPECIES : THE FARM FAMILY

Denzil Mills, 7 Hill Street, Charieville, Queensland. 4470.
Fay McNamara, i i Ewart Street, Highgate Hill, Brisbane. 4000.

INTRODUCTION

Many farming and grazing properties are run by family business units and it appears in
some areas at least that the large family unit is more financially successful and more able
to withstand the fluctuations in the industry.

While personnel management problems within these family units can be extremely difficult
to solve, it seems desirable to help primary producers preserve the interdependencies of
the family unit. Labour relations and negotiations with agribusiness personnel are
important parts of property management. Some primary producers have few skills of
negotiation and hence feel concerned at their ability to achieve desirable outcomes in their
dealings in their family and business affairs.

PERSONNEL MANAGEMENT

As a result of a series of case studies in which intergenerational transfers within the
farm family were examined (Mills, 1982), a need for personnel management training was
established. The interviews conducted with families in the grazing industry highlighted the
high incidence of personnel management difficulties occurring in family business units.

Personnel management is a facet of management where skills can be learned. A personnel
management workshop aims to increase awearness of ones own behaviour and its effect
upon others. An increase in the levels of acceptance of self- responsibility for whatever
outcomes occur is part of improved interpersonal behaviour.

A first step in learning is to acknowledge there are problems about which action could be
taken to effect a change in the condition of people concerned. Avoiding the issue, hoping or
pretending there is no issue, means there is no reason to change. Acceptance of the
existence of problems is the first step to resolution of the problem.

There are specific difficulties in developing a workshop in personnel management for
graziers. These people tend to live and work with relatives. Occasionally they hire a man
to help with stock work and sometimes have one or more jackeroos who are learning about
the industry while working. Contractors are hired for dam sinking, fencing and shearing.
Hence, the most common "people" management for graziers is management of their own
families.

There are different issues involved in "family management" compared to hired staff
management. In family management, the emotional relationships developed since childhood
effect all interactions. A son, even at 40 years, may find it difficult to discuss with his 65
year old father a property management issue. Both have developed a standard set of
responses to the other. They may not experiment with new ways of talking to each other
but use "history" to justify their present stance, e.g. "Oh, you always say that There's no
point in discussing anything with you."



After so many years of living with the father in control, sons find it difficult to be
convinced of their own ability to manage. They have seen their fathers control bushfires,
manage through droughts, etc. and are constrained to doubt themselves because of their
own lack of experience compared to their father's experience.

THE WORKSHOPS

A pilot programme of three personnel management workshops for graziers was conducted in
1982. Altogether 41 participants attended these workshops. The age range at Workshops 1
and 2 was 20 to 45 years. At Workshop 3, 10 parents of sons who attended Workshop i were
participants. The age range for this group was 45 to 70 years (approx.).

AIMS OF THE WORKSHOPS

The design of the workshops was based on the desire to have participants achieve
increased levels of self -responsibility. This would be measured by determining
participants' expressed reactions and analysing these reactions to discover if one or more
of the following types of changes were mentioned:-

- now have new behaviours possible to chose from;
- now have new language which they can choose to use;
- recognise some problems exist in their lives;
- accept personal responsibility to take action to solve

proble ms.

The specific aims of each workshop came from the groups themselves at the opening
sessions. A list of issues was generated and then ordered into themes and topic areas.
There was some variation in workshop aims between groups. However, these topic areas
were common to all groups.

Improving interpersonal relations with:-
. family members;
. employed labour;
. contract labour;
. bank managers /accountants;
. stock agents; and

Managing personal stress.
The groups agreed to explore issues involved with these topics and experiment with
new /other methods of handling issues relevant to themselves. The resolution of conflict
was one of the issues many people considered relevant. The older age group highlighted
personal stess management but few of them referred to difficulties with agribusiness
personnel.

ASSESSMENT

We did an initial written assessment following each workshop. These assessments
indicated that participants had gained some useful insight into their own behaviour and
learned some skills in handling interpersonal relationships. However, we considered this
immediate response not sufficient assessment and a mail survey was sent out a couple of
months later. 73% of participants responded to the mail survey.



The questions asked gave the respondents total freedom to write what they chose. This
meant we were not leading the group to report on the measures we had selected as
predictable outcomes. We hoped in this way we would get unbiased, unsolicited responses.
From these, we could judge the amount these reflected the 4 measures which we thought
indicated increased levels of self- responsibility, i.e.:-

i. now have new behaviours to chose from;
2. now have new language which can be used;
3. accept some problems exist;
4. accept personal responsibility to make changes occur.

RESULTS

Seven participants recorded positive responses on all measures. These are two of the
responses considered to fill all these measures:-

All the different things covered by the school, when put together, makes one
try to understand other people better and how other people are thinking while
working, etc. and in particular, when they're unhappy with job or boss.

I feel now I have a better understanding of how to approach staff.
I'm also accepting some of the problem is my fault. I'm trying a
few ideas from the school to get better co- operation from staff.

Both of these responses were considered to demonstrate acceptence of self -responsibility
and an action orientation to change.

Twenty -eight of the 29 respondants found some part of the workshop useful in their daily
lives. The other respondant replied enigmatically "I think that in the school more
discussion and less acting would be more helpful."

Eighteen (62 %) people said they had new ways to behave and 11 (37 %) said they had new
language to help them communicate. Typical responses judged to give evidence of these
outcomes were:-

I am more tactful and thoughtful in dealing with the situation as it
arises. I actively listen more to what is said.

Nineteen (65.5%) respondents acknowledged there were problems and their own actions
could have an effect upon these problems. One person said:-

It made me stop and look at my own way of life and talking to people, e.g.
bank managers.

An employed manager wrote:-

I look at things now with a more diplomatic view. I seem to be able to put my
act together to gain more authority and seem to have achieved a better
relationship with my employers.



There were no signs of negative or "destructive" outcomes from the responders. However,
since 11 people (27 %) did not respond, there must remain a doubt about adverse outcomes.

Our assessment of the outcomes is that all the participants who responded displayed
increased levels of self- responsibility and the workshop had some positive influence on
their personnel management style.

Overall, the evaluation suggests the workshops were a worthwhile contribution in serving
the expressed needs of graziers.

CONCLUSION

Primary producers lack avenues for personal development. It is important that they
develop " people" skills that are appropriate for the 1980's, especially where the survival
of the family farm depends to such a large extent on it. Primary producers, especially the
young ones, need to develop alternative approaches to personnel management problems and
to learn new ways to communicate and deal with people.

We feel that there is a need for extension services to recognise this important gap in the
services that they offer primary producers, and move rapidly towards filling the gap.

i MILLS, D.M.D.(1982). Intergenerational transfer of the pastoral family firm. M. Agric.
Sc. thesis, University of O.ueensland.



Rural tree management and conservation - is it necessary

for the Northern Tablelands?

Mr G T Williams
"Eastlake"

Uralla NSW 2358

I am convinced and probably all of you here are, that trees together
with general land conservation measures, are integral parts of any
sustainable agricultural system. The big problem is, that here we will
talk amongst ourselves and get new ideas and enthusiasm, but what needs
to be done by all of us (and I repeat all) is to extend this information
and enthusiasm to those who don't understand the seriousness of the land
conservation problems that we face. We need sustainable rural land
management systems, i.e. the maintenance of our capital in soil, trees
and pastures, rather than the mining of that capital.

There is blatant land abuse in a few cases, and I believe some is
through ignorance, but most is brought about by the economic pressures
under which many primary producers have to operate. This causes the
primary producer to over -stress the real capability of the land for short
term gain, without sufficient thought for the long term consequences.

For economic survival in the short term, farmers sometimes have to
take long term risks. Once this abuse is commenced in an attempt to
overcome short term economic problems, it may then be difficult to get
off the "roundabout" and return to a more sustainable agricultural
system. The landholder has a responsibility to those who follow, to
tread a balanced path, but at the same time the wider community should
share some of that burden as their standard of living to a fair degree
depends on export income producing farmers.

Also politicians tend to make noises about conservation, but that
unfortunately often means an electorally popular issue such as a
wilderness area or dams, but they lack the courage to significantly
address (with incentive and research) the area of agricultural land
conservation. There is a need for balanced Government involvement in
this issue, as well as more productive input from LGPA and NFF. It is
pleasing to note that the LGPA has approved the formation of a land
conservation sub -committee within its structure.



In all rural areas there must be more emphasis put on the necessity
for an appropriate balance between the three major parts of rural land
management, i.e.:

(1) Resource management - soil, trees, water, pastures etc.
(2) Stock or crop management
(3) Economic management.

With agriculture becoming more complex, and harder to succeed in
every day, it is becoming imperative that each part above is attended to
in such a way that we care for stock and /or crops, make a profit, but at
the same time utilize the basic land resource in a sustainable way.
Quite obviously if any one part is neglected, it will eventually lead to
problems somewhere in the system, and as resource management is a longer
term problem, it is unfortunately the one that suffers. With ever
increasing costs in agriculture, producers should also continually
re- assess their situation, and consider some of the "lower- productivity
options" available that will lower costs, still realise a profit, better
preserve the resources, and, probably give the operator less ulcers.

With that general introduction I will turn to my own particular
situation in the high altitude (1100 m) dieback area of New England.
Assessing the very basic information available about the shelter effects
of windbreaks on pastures and crops, I am quite sure that loss of
production within and near to the windbreak will be more than offset by
the gain in production from around two windbreak heights to around 15
windbreak heights away from that shelter (Fig. 1).
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Figure 1 Effect of windbreak on crop production on the leeward side of
the windbreak (redrawn from S impf endorf er 1975).

Also in addition to this are well documented increases in stock
production due to shade and shelter (Alexander et ál. 1980; Bird et ál.
1984). This experimental work at Armidale and Hamilton has indicated
substantial benefits to lamb survival etc. in cold /wet winter and spring



52

periods. Practical observation in the New England area would indicate to
me, less benefit here with our drier winter and spring, but with our
summer rainfall the use of tree shelter can, I am sure, give
significantly better continuity of pasture production because of less
evaporation between rainfalls. It would be interesting to see work done
in this field.

Extrapolating from this research it is indicated that 3 -5% of
properties should be under trees to give sufficient shelter to increase
production. From these basic ideas I have deduced that up to 10% of my
property (about 5% of present pasture production) can be given over to
trees, with some limited stock access, and the remaining 90% will produce
as much, and probably more than the original area. If I do nothing I am
sure that we will have a steady decline in tree cover, and thus
production in the long term. In the New England we have changed the
original environment in very drastic ways with pasture improvement, high
stocking rates, and land clearing. Whether we like it or not we have to
consider that the new environment created may not be suitable for native
trees. Therefore we may have to manage differently some areas to make
them suitable for natives, or introduce exotics that will survive the new
situation. Some conservationists decry the use of exotics, but if any
tree will act beneficially to an environment it should be considered.

My aim over the next 15 years is to have around 7% of my property
under native tree regeneration, and around 3% with planted windbreaks
(largely exotic) to interconnect these regenerating areas. I am trying
to plan, develop, and manage my tree resource, whether existing native or
new plantings, as an integral and important part of my whole enterprise.
In cash terms this means around $1500 p.a. plus as much again in a labour
component, which in all, amounts to about 4% of my total cash outlay for
property running expenses. I consider this amount to be a cost effective
expense considering its long term usefulness. (I might add that I spend
$4000 on sheep drench p.a.).

We really do have a lot of information now, and if we apply that
update with on -going research and ideas, we will go a long way to helping
the problem of rural land degradation. Bird, Lynch and Obst stated at
the A.S.A.P. Conference in Armidale 1984 that "Farmers and scientists in
Australia are generally ignorant of the effects, uses and benefits of
trees in agriculture ". I hope that we will all do our part to change
that situation.
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RANGE INVENTORY, MONITORING AND ASSESSMENT IN SOUTH AUSTRALIA

Edwina Faithfull and Leath Stewart

Land Assessments Branch, Department of Lands,
GPO Box 1047, ADELAIDE SA 5001

Abstract

57% of South Australia is arid and semi arid rangeland under Pastoral
Lease. The predominant land use is sheep and cattle grazing and
responsibility for the administration of leases lies with the State
Department of Lands. Under the Pastoral Act (1936 -1974) the Department's
role is to ensure there is no likelihood of "permanent injury" to the
land.

Aims are to sustain landscape stability and community diversity by

maintaining and instilling land use practices which minimize both soil
destabilization, and adverse impacts on native vegetation communities. It

is anticipated this will enhance long term productive stability.

Rangeland Assessment Manuals play a central role in fulfilling land

management aims. Their preparation facilitates an exchange of information
with land users, while the completed product aims to furnish relevant
ecological information to aid sound land management.

Land description, inventory, monitoring and assessment provide details for.
each Manual. Details of these procedures are presented.

Introduction

The Pastoral Leases of South Australia form the basis of the open range
sheep and cattle grazing industry in the state. Under Section 44a of the
Pastoral Act (1936 - 1974) the Department of Lands is responsible for
ensuring there is no likelihood of "permanent injury" to the lands.

Adequate inventory and monitoring of pastoral country is therefore most
important.

In working towards this, a programme of lease by lease assessment and
monitoring has been initiated, with a Rangeland Assessment Manual to be
prepared for each lease. The Manual is a vehicle for exchange of

information with a central aim of promoting long term management
strategies which maintain landscape stability and community diversity.
Each Manual provides baseline information on soils and vegetation as well
as land management hazards for different land types. Practical
recommendations for management are also included.

This paper and the poster display illustrate the process contributing to a
Rangeland Assessment Manual. These include land inventory, monitoring and
assessment.



Land Inventory and Description

The final product of land inventory and description is a land system map
for a lease or group of leases run as one station. The initial map is
produced prior to field work using air photo mosaics, with the aid of
available topographic maps, LandSat imagery, air photo stereo pairs and
any other published information such as geology maps.

Field information is collected using a separate field sheet for each of
soil description, site description and site assessment. Following field
work, the land system boundaries are checked and units within systems are
described according to landform, vegetation and soils. Each Rangeland
Assessment Manual contains a lease land system map as well as written
descriptions and profile diagrams illustrating the units in each land

system.

Recently a trial project of mapping land systems on a regional basis has
been initiated. This approach should allow more efficient use of field
time. In addition, such a regional land description lays the foundation
for later, lease by lease assessment.

Another important aspect of inventory is gathering information on past
land use. Availability and ease of access to these details varies, and
depends largely on the length of time a manager or lessee has been on a
lease. Documentation of stock numbers, rainfall, bore and well sinking
dates, fence dates and historic uses are all valuable information for
assessment. A section on lease land use history is included in each
Manual.

At present all field information is stored in field sheets according to
station and site number. Transfer of this to computer should be under way
in late 1986. Computer storage offers obvious advantages in data access
and manipulation.

Land Monitoring

Monitoring sites form the basis of ongoing assessment and it is

anticipated re- measurement of sites will be done by the Department on an
average of 3 -5 years.

Sites are located out from major watering points at 1.5 km (for sheep) and
3 km (for cattle), these being the zones of maximum impact (Osborn, Wood
and Paltridge, 1932). Where possible reference sites, subject to light
grazing or no grazing, are located further from water. Sites closer to
water, subject to more intense grazing are also used and these are

referred to as assessment sites. As well as representing grazing
intensity and distance from water, sites are placed to represent major
land units within a paddock, and to allow for easy relocation.

Each monitoring site consists of a jarrah peg with an identifying disc and
site number. Photographs are taken from this peg centring on a second peg
or a designated feature. At each site the soil is described from an auger
profile and classified according to Northcote (1979).



Site description is done according to the following:

Landform: element, pattern, slope class
Land surface: soil surface, run -off, rock outcrop, erosion hazard,

erosion factors.
Vegetation: structure, dominant species, strata heights
and Location: AMG co- ordinates, station, paddock and sketch map.

Site assessment information includes vegetation cover and density
measurements. Vegetation cover is measured using the step -point method,
adapted from the wheel point method (Tidmarsh and Havenga, 1955).

Accompanying measurement of density is done where perennial species such
as shrubs, chenopod shrubs or tussock grasses occur. These density
measurements are made along two 100m transects using a 2m rod as described
by Jessop ( ).

Additional site information is collected concerning details of fire
history; abundance of feral animals and wildlife; sheep grazing effects;
and erosion type, severity and cause.

New field data sheets have been recently developed to facilitate
uniformity of recording and to enable easy transfer of information to
computer storage. Field sheets for soil and site description have been
adapted from those published in the Australian Soil and Land Survey Field
Handbook (McDonald et al, 1984). The erosion assessment table used is
taken from the Centralian Range Assessment Program (Bastin, 1984). The
site assessment sheet has been developed from pre -existing field sheets
used by us.

It is hoped that lessees will be keen to re -take photographs and measure
vegetation at each site themselves, apart from our own long term
monitoring measurements. An Appendix describing the step point method of
cover measurement is included in the Manual, and copies of photos and step
point data at each site are provided for the lessee. It is anticipated
that greater involvement in range monitoring will increase landholders'
awareness of grazing impact and vegetation changes.

Condition Assessment

Condition assessment is based both on comparison between sites, and with a
reference site of the same land unit which is ungrazed or lightly
grazed. Factors compared vary between vegetation and land type. Major
emphases are on changes in the following:

cover and density of perennial grasses, chenopods and shrubs
- cover of known increaser species (low palatability)
- litter cover
and
- recruitment of perennial species

In addition, exclosures have been erected in some areas to establish
grazing impact of sheep, rabbits and wildlife. These will be of greatest
value in the long term in separating the effects of these grazers and
provide information on changes in types we are less familiar with.



The use of statistical site comparisons is being introduced with the use
of N.T.P. (Numeric Taxonomic Package). This will allow use of both
classification and ordination of multivariate data for field sites, and
allow greater objectivity in site comparison. Appropriate statistical
aids will be particularly valuable with the re- assessment of sites in

years to come. Such reduction in inevitable personal bias may also draw
attention to less obvious changes.

An assessment of condition is made of each paddock after consideration of
data and inventory notes from each monitoring site in the paddock. This
paddock assessment is presented in the Manual along with notes on land
management hazards and past uses of particular importance. It is hoped
this will increase understanding of condition classes, their derivation,
and the impact of different management practices.
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LAND RESOURCE SURVEY FOR PASTORAL MANAGEMENT IN THE ALICE
SPRINGS AND BARKLY TABLELANDS DISTRICTS,

NORTHERN TERRITORY.

Russell Grant,
Land Conservation unit,
Conservation Commission of the N.T.,
P.O.BOX 1046,
ALICE SPRINGS,
N.T.5750

ABSTRACT.

This poster describes an expanded programme of
land resource survey on Alice Springs and Barkly
Tablelands district stations, specifically to
assist in the improvement of pastoral land manage-
ment. The survey programme aims to provide
station managers with sufficient land resource
information at the "bore area" level to form a
sound basis for management decision making at this
scale.

INTRODUCTION.

In the past, the Central Australian and Barkly
Tablelands cattle industry has been largely
oriented towards livestock management as a basis
for property management. However, more recently,
a number of progressive station owners and
managers are adopting innovative land management
practices as a means of improving property
viability. One consequence of this trend is an
increasing demand for land resource inventory
information, whereby individual pastoral managers
are seeking a tangible basis for their land
management decision making, particularly when
estimating grazing capacities and planning the
development of new foncelines and watering
facilities. Most properties are in excess of 2000
sq.km in area, often with poor access through
dense shrublands or over rugged terrain, and a

"user- friendly" overview of the pastoral land
resources assumes considerable importance.

The Land Conservation Unit of the Conservation
Commission of the Northern Territory in Alice
Springs has expanded a programme of semi -detailed
land resource survey in response to this demand.

EXISTING LAND RESOURCE INFORMATION.

Land resource information at a suitable scale and
in a format for pastoral management purposes at
the "holm area" level is usually non -existent.
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In the Alice Springs district, reconnaissance land
system mapping compiled by Perry et al (1962) at a
scale of 1:1000 000 provides general coverage at a
regional planning level only. The Department of
Primary Production has re- mapped these land
systems at a scale of 1:100 000 for the purpose of
range condition assessment and station planning on
a number of district properties, and has compiled
regional land ' system maps at a scale of 1 :250 000
for the southern Alice Springs district (Shaw, and
Bastin 1986) . On the Rarkly Tablelands, the most
productive rangelands in the Northern Territory,
the only land resource document available is the
land system survey of Christian et al (1954), also
compiled at - a reconnaissance scale of 1:1000 000.

! n the absence of inventory information at an
appropriate scale, orthophotomaps (photo mosaics)
i1Vr1.1 l;lhl (? at a scale of 1 :100 000 can provide a
valuable planning hase. They provide the land
manager with a perspective of the area and
distribution of the main types of country on the
station, and often constitute the first step. in
developing a greater understanding of the land
resource. However, for detailed planning purposes
the use of orthophotomaps requires a considerable
degree of. interpretation skill.

THE REQUIREMENTS FOR PASTORAL MANAGEMENT PLANNING.

Central Australian pastoral managers make most of
their land management decisions at the "bore area"
level. Each bore or other watering point on a
station usually 'operates as an independent manage-
ment unit, encompassing the mosaic of pasture
resources within a grazing radius of about 8km.

For land resource information to be relevant to
needs of a manager, it must provide sufficient
detail at the "bore area" level to complement his
existing and often comprehensive experience -based
knowledge. This requires mapping based on simple.
land units with pastorally homogeneous character-
istic rattler than compound units (land systems)
encompassing possibly several types of country
which may be extensive enough to be managed
separately (Wilcox, 1979).

I n conducting land resource surveys on individual
station properties, the Land Conservation Unit is
mapping semi -detailed land units with relatively
uniform landform, soil and vegetation character-
istics at a final map scale of 1 :100 000. The
units are selected with a bias towards segregating
land with different pastoral qualities such as
stocking capacity and grazing preference as well
as erosion potential. An extract from a pastoral
land resource map of an Alice Springs district
property is included as Figure 1.
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A technical report prepared in appropriate lay
terminology accompanies each completed land unit
map, 'describing the pastoral land management
implications associated with each unit. Face -to-
face extension is considered to be a major part of
they survey procedure to gain the confidence of the
manayrr and his-acceptance of the inventory as a
basis for land management. However the continuing
responsibility for advising on rangeland manage-
ment practices is predominantly the role of other
N.T. Government agencies.
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Figure 1. Detail from a pastoral land resource map
of an Alice Springs district property,
compiled at a scale of 1:100 000. The
landscape consists of a mosaic of
aeolian (6) and alluvial (5) landforms
mantling pediment (3) and peneplain (2)
surfaces. A grazing area calculator is
used to quantify the area and
disposition of the inventoried grazing
lands.
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CONCLUSION.

As greater emphasis is placed on the sound
management of extensive rangelands, the demand for
suitable land resource inventory data will
continue to expand. For station management
purposes, semi -detailed land unit mapping
ref=lecting stocking capacity, grazing preference,
erosion hazards and other pastoral attributes is
required. However, most areas of the Northern
Territory and presumably other parts of arid
Australia are documented at a reconnaissance land
system level only. Rangeland inventory must
assume a high profile in all future efforts to
improve land management at the "grass roots"
level - on the station.
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Pastoralism and Australian Savannas -
A question of stability

J.J. Mott, CSIRO Division of Tropical Crops and Pastures,
St Lucia, Qld 4067

Introduction

Within the subhumid savannas of Australia the major constraint to
animal production is the low forage quality during the dry season, rather
than the total amount of forage produced. This perception has led to the
development of a variety of management practices to overcome this
constraint. Two main developments have been the introduction of exotic
legumes and the use of mineral supplements, both employed with varying
success by properties across the subhumid savanna zone (Mott, 1986).

While animal production can be improved in these savanna pastures,
one major problem is the instability of the native grass component at the
increased grazing pressure made possible by the improvement of forage
quality and necessary by the current economic pressures on the industry.
This grass mortality is most marked in the grazing sensitive Themeda
australis pastures of the northern Monsoon Tallgrass savannas compared
with the more stable Heteropogon contortus swards of the Subtropical
Tallgrass systems (Mott et al., 1985; Fig. 1). But even within pastures
dominated by the same species there is differential response to heavy
grazing pressure across the range of Tallgrass savannas, and this is

demonstrated by the instability of H. contortus dominated Tropical
Tallgrass savannas in north Queensland.
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Figure 1: Australian savannas. Gross economic production for 1983 is
shown in pie diagrams for the broad regions shown by relevant hatching
(adapted from Mott et al., 1985).
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Thus valid extrapolation of both research and management practices
across the savanna zone requires knowledge of the interaction between
environmental effects and grazing induced mortality of the grasses.

While parameters such as tiller number and regenerative capacity do
provide some understanding of the different responses between species
(e.g. Coughenour et al., 1985; Mott et al., 1985), understanding which
are the critical periods within the growing season and across the
geographic range of species will need a better knowledge of the

interaction between the environment and key processes controlling
defoliation induced mortality within individuals.

Experimental Studies

Over the last three years a multidisciplinary group of scientists
has been examining the interaction between environmental variables and
mortality under grazing of three tropical grasses which occur in all
Tallgrass savannas: the native T. australis and H. contortus and the
nitrophilous, grazing resistant, African grass Panicum maximum.

In studies on the major differences between species, the depressed
shoot growth in T. australis after frequent defoliation has been shown to
be due to several factors, including, reduced ability to tiller,

differential mobilisation of photosynthate and poor rate of leaf

initiation (Hodgkinson et al., 1986; Dankwerts and Parsons unpublished
data; and Richards and Mott, unpublished data). While these differences
between species could be demonstrated, it proved much more difficult to
quantify the factors causing the differential response to plant mortality
under grazing over the continental range of the species. Two major
variables which could affect plant response over this range are (a)

nutrient availability and (b) climatic pattern. Experimentation has

concentrated on these variables, with the following results to date:

(a) Nutrient Interaction
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Figure 2: Total yield of plants clipped each 7 days versus unclipped and
grown at high and low nutrient levels. Bars superscipted by different
letters are different at P 0.05, (Mott and Smith, unpublished).
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Both the absolute amount and pattern of availability of nutrients
vary across the range of savannas (e.g. Mott et al., 1985). In the
nutrient -poor northern Monsoon Tallgrass savannas, availability of
nutrients appears mainly restricted to the early weeks of the wet season,
while in the more fertile soils of the Subtropical Tallgrass savannas,
nutrients appear to be more available throughout the growing season. As
yet controlled studies have only considered constant nutrient supply and
the results to date are equivical. Contrary to expectations the data do
not agree with the generalisations that plants adapted to less fertile
habitats have intrinsically lower growth rates, especially under enriched
nutrient conditions (Grime and Hunt, 1975), or that more nitrophilous
species would withstand defoliation better at higher nutrient levels
(Fig. 2).

(b) Climatic Response

In northern Monsoon and Tropical Tallgrass savannas the abrupt start
of growth is determined by water availability at the commencement of the
wet season. By contrast, in the Subtropical Tallgrass region, moisture
is often available during the late winter months, leading to a slower
commencement of growth controlled by increasing temperatures in the early
wet season.

Detailed field studies on fertilised swards have shown major
differences in both the pattern of tiller dynamics for plants of all
species grown under the different rainfall patterns as well as survival
of individual plants of T. australis (Fig. 3). Under the more abrupt
northern type environment it appears that the majority of viable tiller
buds produce new tillers after the first rains. Following this period
there is delay before further tiller buds are able to grow out. Under
this regime if tillers are killed by defoliation and not replaced, the
plant is likely to die. This also helps us to understand the grazing
response of arid rangeland plants after drought. As yet the interaction
patterns of carbohydrate allocation and defoliation of tillers has not
been quantified, but it appears that this may also play a part in final
plant response across the geographic range.

100

80

w 60
>
J

aR 40

20

... 7 day clipping. 21 day clipping

Winter drought
Rainfed

wow

29/11 13/12 3/1 16/1 7/2

TIME

Figure 3: Survival of Themeda australis grown under (0) Monsoon
Tallgrass conditions and (A) a Subtropical Tallgrass environment (Mott,
Richards and Ludlow, unpublished data).
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Vegetation Stability and Land Use Patterns

Use of detailed studies to quantify the processes controlling
environmental interactions with grazing induced mortality is helping to
provide a predictive model for grass response from various grazing

management strategies over the range of Australian savannas. This

biological constraint imposed by grass instability is an important factor
in determining potential development options over the region.

The grazing induced instability inherent in the grasses of the
northern Monsoon Tallgrss savannas places an additive constraint to the
logistical problems of the region for economically viable pastoral use
and is exacerbated by the current management requirements for disease
control. Thus we should consider the possibility of multipurpose land
use in these regions. The relative production of the major savanna types
show that animal production from the northern Monsoon Tallgrass savannas
is a very minor part of gross pastoral productivity of northern
Australia, while tourism is relatively more important (Fig. 1), and this
latter use may require future review of both land use management and
legislation.

Although Australian savannas show considerable variation in

stability under grazing, even the resistant pastures of the Subtropical
Tallgrass savannas are less resilient than species in areas of high
productivity such as the Serengeti Plain of Africa (e.g. McNaughton et
al., 1983). In the Subtropical Tallgrass systems nutrients are still
limiting and over 30Z of the landscapes are reported to show considerable
degradation (B.E. Vandersee, pers. comm.), with potential increased
instability under higher grazing pressures. This potential loss of

productive pastures has considerable economic implications for a region
which produces over 70Z of the beef of the Australian Tallgrass savannas
from less than 15Z of the area.
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Viability Assessment of Marginal Cattle Stations:
Northern Territory Gulf District

J.H. Holmes

Department of Geography
University of Queensland

Alarmed at the mounting evidence of the inability of marginal leaseholders
to meet B.T.E.C. requirements and the probability of forfeiture of pastoral
leases, the Northern Territory Department of Lands invited the author to
undertake an investigation into the viability of existing cattle enterprises
and their capacity to meet B.T.E.C. requirements. Problems of control of
feral animals (including cattle), the scope for restructuring existing
leases and the need to convert land to other uses, including conservation and
recreation, were also to be addressed.

The investigation covers 30 pastoral leases, currently operating as 26
separate cattle enterprises. The five southernmost leaseholds contain
extensive tracts of Mitchell grasslands on heavy clay soils, on the northern
edge of the Barkly Tableland, and can be described as Barkly -type leases.
Ten leases, generally located on the "Gulf fall" include scattered patches
of heavier soils with significant areas of Mitchell and kindred pastures,
providing core areas for herd management and are classed as Transitional -type
leases. The remaining 15 leases, covering mainly light- textured or skeletal
soils on the "gulf fall" and coastal plain, contain mainly inferior monsoonal
tall grasslands or spinifex "northern desert" and are classed as Gulf -Type
leases.

Methods of Investigation

Recognising that any assessment of long -term viability can only be
based upon appraisal of the quality of the pastoral resource on each lease
the investigator pursued the steps described below, which are more fully
described elsewhere (Holmes, 1986).

1. Appraisal of the land systems classification undertaken by the former
C.S.I.R.O. Division of. Land Research and Regional Survey (Christian,
et al. 1952) with some boundary revision and reclassification.

2. Extension of the land systems classification to the north -west to cover
areas not in the C.S.I.R.O. survey, including the identification of
four new land systems.

3. Assessment of each land system according to its livestock carrying
capacity, which is regarded as the key factor in determining both grazing
potential and also scope f_or investment in fencing and waters to ensure
herd control and disease eradication. Generally the Barkly -type land
systems were given baseline assessments of between 5.0 and 5.5 large
beast per km2, "broken" Barkly between 1.5 and 2.5, recent alluvials
3.0 to 5.5, coastal between 1.5 and 2.5, "northern desert" 0.5 to 1.0,
while one hilly system (Redbank) was given from 1.5 to 2.5, and other
hilly systems effectively zero commercial carrying capacity. Upper limits
on carrying capacity were placed at 20% above baseline limits, but a
higher upper limit of 50% above was also used for managed herds using
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the following practices: controlled grazing of native pasture; controlled
mating and calving; weaner segregation and supplementary feeding;
improved breeding using Braham lines. No allowance was made for pasture
improvement, which is almost universally regarded as currently
economically non- viable (McCosker et al. 1982).

4. Further assessment of each land system according to musterability and
fencability i.e. degree of difficulty in mustering and in constructing
and maintaining fences. Musterability appraisals were compared with
those C.S.I.R.O.'s mustering costs project (Laut, in press).

5. Determination of baseline requirements for manageability (i.e. herd
control), with primary attention to capital costs per beast in
establishing fencing and artificial waters. While these costs are
influenced by topography and availability of natural waters, the primary
limitation is imposed by carrying capacity. Generally, where carrying
capacity is below 3 beasts per km2, capital costs per beast are
uneconomically high. Thus, investment in herd control can generally be
justified only on lands with baseline carrying capacities of 2 per km2
or higher.,

6. Identification of management areas on each station in relation to the
above criteria, but also taking into account existing improvements
(particularly fencing), the distribution of pastoral resources and
internal accessibility. Separately mapped were: A -class management
areas which currently lend themselves to development, with income
generated sufficient to cover costs and provide some return; B -class
management areas, capable of development when circumstances are
appropriate; C -class areas for periodic "bush" mustering; and D -class
areas regarded as unsuitable even for "bush" mustering. These areas
are shown in Figure 4.` Some Gulf-type leases lack any lands suitable
for development, while others have core areas too small to sustain a
nucleus breeding herd. These stations are clearly non-viable under
strict B.T.E.C. herd -control requirements.

7. Estimates of maximum and minimum carrying capacities on each lease,
separately for potential management areas and for "bush" areas, and
including an incremental increase for managed areas.

8. Calculation of potential gross income levels on each lease, for managed
herds and for °'bush" cattle.

9. Determination of a series of estimates of minimum herd size for viability,
according to three criteria:

(a) Viability criterion, with three alternative criteria being used:
subsistence level, frugal commerical level and prosperous commerical
level.

(b) Quality of management, classed at three levels (excellent, fair,
poor) with marked reductions' in economic viability associated with
inferior management skills.

(c) B.T.E.C. requirements for herd control, with the two extremes being
strict herd control versus no control requirements.
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The viability thresholds were set as follows:

Prosperous viability: 4800 managed large beast units (under excellent
management), 6000 (fair), 7200 (poor).

Frugal viability: 2400 (excellent), 3000 (fair), 3600 (poor).

Subsistence: 1000 (any management), but insufficient income available
to ensure herd management.

One managed large beast unit is assumed to generate twice the income of
an unmanaged "bush" animal.

10. Application of these criteria to determine the viability of each leasehold
under the various assumptions shown above. Generally leaseholds revealed
a marked bipolarity in these assessments, with Barkly -type stations
clearly prosperous under any set of criteria. All save the smaller
Transitional -type stations were classed as properous under good management,
even with strict herd -control, with the remainder achieving frugal
viability. However, most Gulf -type stations achieved only subsistence
viability, and even this is non -feasible if strict herd management is
enforced. 13 of the 26 surveyed enterprises were classed as non -viable
under strict herd control. While these were capable of carrying only
24,700 managed large beast equivalents or 14.3 percent of the carrying
capacity of the surveyed area, they nevertheless embraced 37.9 percent
of the area in leaseholds.

11. Confidential reports on existing operational characteristics and management
levels of each leasehold were also provided, and also on the approved
B.T.E.C. programme and prospective strategy.

12. Prospects for restructuring leases by relocating boundaries and /or
consolidating existing leases were also examined, but the inferior gulf
pastoral lands did not lend themselves to effective restructuring.

13. Alternative land uses were also explored, with prime attention to
identifying major areas suitable for national parks and wilderness
reserves.

The report provides a basic framework, not only for a more effective
approach to disease eradication, but also for land use planning in a very
difficult environment, where land use options are difficult to identify.
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ECOLOGY OF THE RANGELANDS OF TROPICAL NORTH -WEST AUSTRALIA IN

RELATION TO THE INTENSIFYING MANAGEMENT OF THE BEEF INDUSTRY.

Martin H. ANDREW

CSIRO Division of Tropical Crops and Pastures, PMB 44, Winnellie NT 5789
AUSTRALIA.

INTRODUCTION

Australia's tropical North -west, the region broadly encompassed by the
Kimberlies of W.A. and the "Top End" of the N.T., is characterized for pastoral
purposes by its seasonally wet -dry tropical climate, poor soils, and savanna
woodlands with a grassy understorey of poor nutritional quality (Mott et al.
1986). The local cattle industry has traditionally been managed with low inputs
and with largely feral cattle; consequently, the poor grazing resource has given
low cattle productivity, and much of the native pasture has not been heavily
grazed. However, management is now becoming more intensive due, in large
measure, to the BTEC disease eradication program - the requirement to control
cattle necessitates fencing, and this then sets in train a development process
which permits if not requires management options such as controlled mating,
early weaning, mineral supplementation, oversowing of native pastures with
introduced species, and grazing management. The net effect is likely to be an
increased stocking pressure on native pastures.

Two of the important native pasture types are perennial monsoon tallgrass
pasture, and midgrass pastures on clay soils (Mott et al. 1986). The former
often occur on heavy red earths and are dominated by the perennial grasses
Themeda triandra (formerly T. australis), Chrysopogon fallax and Sorghum
plumosum. Annual grasses and forbs comprise about 5% by weight of the pasture.
The latter occur on the cracking clay plains which arc across Australia to the
north of the Mitchell grass country. The important grasses are the perennials
Dichanthium fecundum, Chrysopogon fallax, Eulalia fulva, and when overgrazed,
Aristida spp., and the annuals Iseilema spp. and Dichanthium spp.. Forbs can be
important also. Annuals can comprise a significant proportion (>20 %) of the wet
season production even in undisturbed sites.

What are the implications of increasing the grazing pressure for the stability
of these two types of native pasture?

CHARACTERISTICS OF THE MONSOON TALLGRASS PASTURES

The monsoon tallgrasscs have been relatively well studied, particularly by
Arndt, Norman, Mott and latterly myself at Katherine. The dominant perennial
grasses cannot withstand repeated, severe defoliation, particularly at the
begining of the rainy season (December) when new growth is appearing after the
seasonal drought (Mott 1986). This is the very time when the fresh growth is
most nutritious. The manner in which the cattle graze these pastures strongly
interacts with the susceptibility of these grasses to defoliation (Andrew 1986).
Cattle tend to regraze areas previously grazed in which the growth is kept short
and fresh, and ignore the rest which becomes rank. Thus grazed patches are
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heavily defoliated from the start of the rainy season, weakening the perennial
grasses in the patches, and if this continues unchecked for several seasons, the
basal area of the perennial grass falls until the grasses eventually die (Mott
1986). Because the perennial grasses recruit very infrequently (Mott and Andrew
1985), the dead grasses are not replaced, and a soil scald results. Spelling is
one way of preventing this patchy degradation, and spelling can be achieved by
the judicious use of fire (Andrew 1986).

CHARACTERISTICS OF THE MIDGRASS PASTURES

By contrast, the midgrass pastures have received little ecological research. I
have just completed a study of the effect of clipping these pastures at various
times and durations during the rainy season. Is the response to clipping of
these grasslands similar to that of the monsoon tallgrass pasture?

Methods

There were two sites: (i) Victoria River Research Station (VRRS) in the Victoria
River District of the NT, and (ii) near Lake Argyle (LA) on the WA /NT border. At
VRRS the soil was a massive, cracking, limestone- derived, grey clay, and the
pasture was dominated by Chrysopogon fallax and the annual grasses Iseilema
fragile and Dichanthium tenuiculurn. At LA the soil was a stony, well- structured,
cracking, basalt- derived, brown clay, and the pasture

,
was dominated by

Dichanlhium fecttndum and Chrysopogon fallax, and forbs were the dominant
annuals. The designated clipping treatments, replicated five times in 2x1 m
quadrats, were (in decreasing level of defoliation severity): clipping
fortnightly to the crowns throughout the rainy season (CTI), fortnightly
clipping during the first six weeks of the rainy season and a single clipping at
the end of the season in May (1QT), a single clipping at the end of the season
(EOW), and unclipped (UNC). These treatments were applied for four and three
years at VRRS and LA respectively, then all plots were clipped before being
spelled for two seasons. At VRRS the fortnightly clipping treatments were not
applied regularly; nevertheless CTI was a more severe defoliation regime that
1QT. Measurements included: basal area of the perennial grasses, cumulative
yield for each season by species, and the size and persistence of the seed bank
(obtained by irrigating 10 cm deep soil samples spread as shallow soil flats in
a greenhouse in Darwin and counting the seedlings which emerged). The plots were
ungrazed, but the LA plots were burnt by dry season wildfire on two occasions.

Results: Victoria River Research Station

Clipping during the rainy season had a marked effect on reducing the total basal
area of the perennial grasses (initially about 3 %). This was due to the response
of C. fallax, which comprised 95% of the total basal area of perennial grasses
at the start of the experiment. Both the number of tiller clumps of this
species, and their mean size, declined in the CTI treatment relative to the
other treatments, with significant effects detectable after two seasons. The
response to 1QT was less marked but 'not significantly different. No treatment
effects were detectable for the minor perennial grass species. Of the three
clipped treatments, CTI produced less total yield of perennial grass and a
greater proportion of forbs, and 1QT produced a greater total yield of annual
grass, than EOW.



There was little recovery after two seasons of spelling - the treatment effects
were still evident for basal area and yield. The yield of perennial grasses was
significantly lower for CTI and 1QT than for EOW and the regrown UNC.

Despite careful searching, no seedlings of any perennial grasses were found in
the field, and none emerged from the total of 1.6 m2 of soil cores.

Results: Lake Argyle

CTI and to lesser extent 1QT decreased in total basal area relative to the EOW
and UNC treatments, but this was significant only after three seasons of
clipping. For neither D. fecundum (initial basal area = 7.4 %) or C. fallax
(4.9 %) did the treatment effect become significant within the three years. This
pattern was reflected in the yield data. The yield of perennial grass was
significantly less for CTI and 1QT than for EOW after two seasons of treatment,
but there was no significant treatment effect for either of the two dominant
species individually. The yield of forts was greater for CTI and 1QT than for
EOW. Again, there was little change after two seasons of spelling.

No perennial grass seedlings were found in the field, and only one perennial
grass seedling (of D. fecundum) emerged from a total of 1.35 m2 of soil cores.

DISCUSSION

The perennial species of the midgrass pastures did lose basal area and had less
biomass accumulation in response to defoliation over the rainy season..
Furthermore, frequent defoliations over the first quarter of the rainy season
had nearly as much effect as regular defoliations over the entire season.
Recovery did not occur once the perennial grass clumps had been killed. In these
respects they behaved similarly to the perennial monsoon tallgrasses. However,
the responses to clipping appeared less rapidly (although at VRRS the less than
regular clipping regime may have influenced this). In the midgrass pastures the
loss of the perennials was to some extent compensated by an increase in the
annual species, which include forage species like Finders grass (I. fragile).

These preliminary results have some implications for grazing management of the
midgrass pastures. In essence, the pastures should be managed such that the
perennial grasses are not killed, because they do not regenerate easily. This
most likely requires that the pastures are not heavily grazed at the start of
the rainy season, or at least not for several seasons consecutively. However,
the midgrass pastures have two features which are lacking in the monsoon
tallgrass and which probably assist in pasture management. Firstly, they become
intermittently flooded and boggy over the rainy season, during which time some
short -term spelling occurs naturally. Secondly, significant soil surface
crusting does not occur when the perennial grasses are removed, and the other
components of the community are able to establish and grow under such
conditions.
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MATCHING PLANT PRODUCTION WITH ANIMAL CONSUMPTION:
AN EXAMINATION OF GRAZING SYSTEMS

Brian Downing
N.S.W. Dept. of Agriculture, P.O. Box 286, Cobar, 2835.

INTRODUCTION

Successful rangeland management is seen as the science of
balancing fluctuating herbage supplies, which vary both in
quality and availability, against a relatively consistent demand
for feed by animals over the seasons. Several strategies for
this purpose are available to graziers, including those based on
environmental modification, e.g. introduction of legumes.
However my paper is concerned only with an evaluation of methods
based on the modification of animal behaviour. This is mostly
achieved by fencing land into paddocks such that grazing
distribution, density and frequency can be influenced by the
grazier - at least to some extent.

PRESCRIPTIVE GRAZING SYSTEMS
i) Continuous grazing

Continuous grazing is the placement of animals in a paddock
when forage is initially ready for grazing at the start of the
growing season, and where animals are then left for the entire
duration of the grazeable period of the year.

In its crudest form, continuous grazing comprises one
paddock per herd, which is grazed year -in and year -out. This
usually results in species -selective grazing. Animal management
is difficult, and animals might not easily or regularly be seen
by the grazier.

The system is unsophisticated and inexpensive, and if
lightly stocked the production per head of livestock is maximal
because animals can be highly selective of a premium diet.
However, a combination light and continuous grazing results in
understocking (of the area) and overgrazing (of the most
desirable species) .

At the other extreme of continuous grazing, many paddocks
can be used to delineate homogeneous units of land, each with a
herd grazed at a recommended stocking rate. Animal numbers can
be regularly adjusted within and between seasons to account for
herbage conditions. Selectivity can thus be partly reduced.
However, resting (spelling) is possible if more paddocks exist
than herds. Similarly, a degree of rationing is possible by
transferring animals between paddocks and thus altering grazing
pressure within the different paddocks during the season.

Continuous grazing does not, therefore, necessarily imply a
system in which only one or two paddocks are used. In fact,
rotational grazing is the next logical step of intensification
from continuous grazing systems which incorporate several
paddocks.
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ii. Rotational Grazing

The aim of rotational grazing is to overcome the three most .

serious shortcomings of continuous grazing, viz: -
(a) insufficient utilisation of the available herbage;
(b) lack of rationing of forage over the year;
(c) selective grazing of desirable species without allowing

the periods of stock absence needed for recovery of the
pasture.

In order to overcome (a) and (b) stock must be concentrated
on a smaller area within the grazing area, and successive areas
of herbage should be made available for grazing as the rotation
progresses. The resting of the more desirable species requires
the removal of livestock from certain areas within the grazing
area for extended periods, during which time the plants can
grow -out and replenish nutrient reserves.

Both these objectives can be achieved by subdividing the
rangeland into paddocks, and concentrating the entire herd
allocated to the total area into one paddock at a time. In this
way the stocking density is increased and livestock are excluded
from the remainder of the range during any one period of
occupation.

Two variants of rotational grazing are High Utilisation
Grazing (HUG) and High Production Grazing (HPG).

HUG attempts to reduce the degree of grazing selectivity by
forcing animals to use the less acceptable plants. This might
be achieved either by heavily stocking over a short period, or
by an extension of the grazing period if animal density is low.
This extension can be deleterious especially if a "second bite"
is taken from the regrowth of palatable grasses. This will
further reduce the area of photosynthetic leaves needed for the
manufacture of new tissue.

HPG aims at maximising the productivity of the desirable
grass species. This is achieved by managing the sward according
to the physiological requirements of the desirable species.
Grazing is terminated as soon as the grass is defoliated to the
minimum leaf area index which will allow rapid regrowth.
However, the pasture as a whole might deteriorate because
undesirable grasses would be scarcely used and would
proliferate.

iii) Rotational resting

Livestock movements in rotational grazing systems are
determined by the condition of the vegetation in relation to the
requirements of the grazing animal. In most cases, animals are
removed from a paddock when the quantity of herbage is
inadequate. The period of absence from a paddock after grazing
is merely governed by the period it takes for the herbage to
regrow to a grazeable stage.
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Rotational resting seeks to redress this lack of
consideration for the plant. Livestock are removed from certain
paddocks for specific periods and at specific times for
predetermined reasons, on a rotational basis. These periods of
absence are termed rest periods and can be defined according to
their objectives e.g. seeding rest, autumn translocation rest.
Rotational resting would need a minimum of two extra paddocks in
addition to the paddock being rested. Otherwise, the single
paddock available for use will be grazed continuously over the
period when the rested paddock is not being used.

NON- PRESCRIPTIVE SYSTEMS

Multi- paddock systems generally include 5 or more paddocks
per herd, even up to 12 or 30 in sub -humid or semi -arid regions.
The availability of large numbers of paddocks provides such a
flexibility of options that the system is described as being
"non- prescriptive" .

Multi- paddock system have apparently evolved into the so
called Non -Selective Grazing system (NSG) or Acocks /Howell
approach developed in the mid 1960's. The Savory Method seems
to be the most recent derivative of NSG. The Savory method
comprises both rotational resting and rotational grazing stages,
but differs from the previous conventional systems in having
many more paddocks. The objectives are as follows.

a. To minimize selective grazing by markedly increasing the
stocking density and so enforce a better utilisation of the
sward as a whole.

b. To use a short duration grazing and so prevent animals from
taking a second bite whilst the plants are still in a
recovery phase.

c. Allowing a long period of absence between grazings such
that the vegetation can regrow in strength and, in arid
areas, to allow a chance for rainfall. A feed reserve
exists for use in case of a prolonged drought.

d. Increase carrying capacity through promoting better plant
utilisation and vigour.

Originally, the NSG method was done on the basis of HUG
with a maximum grazing period of 2 weeks and a minimum absence
of 6 weeks. However, with time the method has evolved into a
combination of HUG and HPG. The HPG is normally applied during
periods of active growth so as to maintain maximum growth rate,
and the HUG during periods of dormancy so as to improve
utilisation and counteract any selective grazing which might
have occurred.

DISCUSSION
Species selective grazing is a major problem which arises

from the use of a continuous grazing system. The various kinds
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of rotational grazing and rotational resting methods designed to
overcome species selectivity have simply replaced this problem
with a second problem, that of area selective grazing. The
second problem is more likely to arise when the rotational
method includes a very dense stocking of animals, as can happen
with the more sophisticated, multi -paddock approaches such as
the Savory method. Such dense stocking of a paddock for only a
few days beyond the optimal could result in long -lasting damage
to vegetation and soil through excessive trampling and grazing.
Close supervision by expert rangeland managers is advisable when
these approaches are to be used.

However, area selective grazing is not a feature unique to
multi -paddock systems. Closely similar conditions have been
recorded elsewhere; as in transhumant /nomadic pastoral systems
of north -east Africa and where wild herbivores graze in the
natural state (Downing, 1979). In both cases, area selective
grazing produced a sward of the highest quality grasses; but
percentage canopy cover was low and thicket encroachment was
evident in the absence of fire.

BIBLIOGRAPHY

Downing, B.H. 1979. Grass protein content and soils as factors
affecting area, selective grazing in the Unmfolozi Game
Reserve, Zululand. Proc. Grassid Soc. Sth Africa 14,85 -88.

Heady, Harold F. 1975. Rangeland Management. McGraw -Hill, New
York.

Lodge, G.M.; and Whalley, R.D.B. 1985. The manipulation
of species composition of natural pastures by grazing
management on the northern slopes of New South Wales. Aust.
Rangel J. M(1), 6 -16.

Savory, Allan; and Parsons, Stanley D. (1980). The Savory
Grazing Method. Rangelands 216:234 -237.

Squires, Victor (1981). Livestock management in the arid zone.
Inkata Press. Melbourne.

Steger, Robert E. (1970). Grazing_ systems for range care.
Cooperative Extension Service Circular 427. New Mexico
State University.

Tainton, N.M. (1981). Veld and pasture management in South
Africa. Shuter and Shooter, Pietermaritzburg.



OVERGRAZING AND UNDERGRAZING A CONTINUUM

A.D. Wilson

CSIRO Division of Wildlife and Rangelands Research,
Deniliquin, N.S.W. 2710, Australia

Introduction

Overgrazing is frequently given as the cause of many problems in the
rangelands. Vegetation is changed and soil laid bare because of
`overgrazing'. However, the nature of overgrazing - when it occurs and
what was the grazing pressure at those times - is rarely defined.
Furthermore there is a lack of understanding about the close
interrelations between the botanical side of overgrazing and the
structure of the grazing enterprise, including levels of production,
economic status of the enterprise and flock dynamics.

This paper presents some concepts that will aid our understanding of
grazing in rangeland situations.

Production - Stocking Rate Functions
It is now widely accepted that the productivity of an individual

animal will decline linearly as grazing pressure is increased. On a
whole flock basis, total production rises at first as the stocking rate
is increased, but it eventually reaches an optimum where the increase in
animal number is matched by the decrease in production of the animals
within that flock (Jones 1981). The optimum stocking rate is not simply
a matter of pasture growth. Both the quality and quantity of pasture
affect the shape of the relationship (and hence the optimum) and animal
factors are important because different relationships arise with breeding
animals than with those kept for growing wool. On an economic basis the
optimum stocking rate is less than the production optimum, because costs
rise in proportion to the number of animals grazed and the price per kg
received for a fat animal will be greater than that received for a thin
one.

Most research on these relationships has been done on improved
pastures, but the concepts would seem to apply equally well to the
rangelands. The results from an earlier grazing trial at Deniliquin
(Tupper 1978) are shown in Figure 1. In 1967, 1970 and 1971 there was a
linear relationship between the weight gain of Merino wether weaners and
stocking rate. In 1968 and 1969 the evidence is of a similar rate of
decline with increasing stocking rate at the higher end of the scale, but
no change in production at the lower end. Rainfall was high in those
years and it is apparent that the sheep at the two lower stocking rates
were growing at their genetic potential. Significantly the slope of the
relationship remained constant between years in contrast to South African
experience where pasture is plentiful but of poor quality in wetter
years. The relationships then change in both slope and intercept.

The optimum stocking rate for production may be calculated from
these relationships, if we assume that the potential gain in body weight
at low stocking rate was the same in all years (i.e. approx. 15 kg).
This would range from approximately 1.5 sheep /ha in 1967 to 2.75 sheep /ha
in 1968. The ideal would be a stocking rate that varied between years by
a factor of two. A fixed rate of stocking would undergraze in some years
and overgraze in others.

In this trial pasture degradation, in the form of an increase in the
unpalatable species EriochIamys behrii occurred in 1969 in the plots
stocked at 2.0 and 2.75 sheep /ha, presumably because of overgrazing in
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Figure 1. Weight gain of Merino wether weaners on native pasture in
relation to stocking rate (from Tupper 1978).

1967. Stocking at an average rate (say 2 sheep /ha) could cause pasture
degradation in a drought year. However, in this instance, the changes in
composition did not persist for more than 3 -4 years. The conclusion is
that stocking rates may be set according to economic criteria and the
pasture will then look after itself. In less resilient pastures this may
not hold and specific criteria may be required to prevent 'overgrazing'.
The stocking rate - production framework is an appropriate framework for
applying such criteria.

The Influence of Flock Dynamics
The previous example is somewhat artificial insofar as it ignores

the limited rate at which flock numbers can be increased after a drought
where the flock is a self- contained breeding unit.

This may be illustrated by a theoretical self- replacing flock on a
property with a nominal carrying capacity of 9,500 sheep (i.e. the
'average' forage production). The actual forage production varies
widely, with peak years of 12,000 and 15,000 interspersed with troughs of
7,000, 5,000 and 3,000 (a real drought). The sequence is shown in Fig.
2. The first flock is based on a typical flock at Broken Hill which runs
4 -5 age classes of breeding ewes and 1 -2 age classes of wethers
(Chudleigh 1971). The average marking rate is 85% (weaning 75 %) although
this also varies from year to year and death rates are set at realistic
levels (Kennedy et al. 1976).

The actual number of sheep carried is shown in Fig. 2. The number
is essentially controlled by the low points because the maximum rate of
increase in the flock is only 40% p.a. The mean number of sheep carried
is only 7,300, 23% less than the average 'carrying capacity'.

Let us now consider two variations to this theme. The first is to
increase the number of sheep carried in the dry years (one year in four)
by 2,000 sheep. This is achieved by stocking above the production or
economic optimum for those years, but still well within the 'survival'
stocking rate. The result is a mean number of stock carried of 9,190,
almost 2,000 per year greater, although the mean increase in nominal
carrying capacity was only 500 sheep. Clearly the low- points control the
rate of stocking. It should pay handsomely to overstock (in terms of
immediate forage) in dry years so that sheep are available in other years
to more fully utilize the forage.
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Figure 2. Theoretical sequence of sheep number on a property with a
variable carrying capacity. If number of sheep limited to
forage availability'(mean 9500) and controlled by natural
increase, the number carried will be limited to...0 (Broken
Hill), 757 weaning rate, mean 7300 sheep) or - - (Queensland,
55% weaning rate, mean 6600).

The second variation is to change the rate of reproduction to 55% of
lambs weaned per ewe joined. This is typical of rates found in
Queensland. Once again appropriate death rates (Rose 1972, Turner et al.
1959) are adopted. The result shown in Figure 3 is for a flock that
increases more slowly after drought, with a mean number carried of only
6,600. Thus the rate of reproduction also influences the number of sheep
grazed.
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Figure 3. Changes in sheep number for the Broken Hill case, where
overstocking by 2000 sheep occurs in low rainfall years *.
Mean number carried increases from 7300 to 9190.
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Conclusions

A pastoralist may adopt other strategies than the one chosen. In
particular he may buy in additional sheep after a drought, but at a cost.
However this does not alter the general conclusions concerning the
effects of seasonal variation in rangeland situations.

The principal conclusion is that the number of stock carried will be
considerably less than the `average carrying capacity' of the land. In
fact the more variable the rainfall, the lower will be the carrying
capacity on the same land resource. This is a specific situation of an
ecological principle that applies to herbivore populations in general
(Caughley et al. 1986).

The number of livestock carried is greatly influenced by the number
that survive (or are carried) in the drought years. Effects persist for
3 -4 years because of limited rate of recovery of flock numbers. There is
therefore an incentive to stock at a maximum (survival) level (rather
than an optimum production level) in those years. It is thus the most
likely time for pasture damage and hence the time when grazing management
practices should be applied.

Furthermore, other limitations to production that apply in drought
years, such as competition from native or feral animals, may be seen to
have a longer -term effect than the period of direct limitation itself.
In contrast, grazing pressure will be sub -optimal in the wetter years and
it is likely that fire -management practices may then be adopted without
reducing stock numbers or flock productivity.

Finally, it is apparent that improved husbandry practices or genetic
stock, which increase production rates, also have an influence on the
number of animals carried. Improvement in these areas may increase the
overall grazing pressure on the vegetation.

The concept of stocking rate - production functions, within the
limitations arising from flock dynamics in a variable climate, provide a
useful framework in which to define grazing management practices. The
effects of particular grazing pressures on the vegetation and soil
condition may be defined and the more important longer -term effects
assessed.
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GROWTH PROMOTANTS IMPROVE BEEF PRODUCTION IN THE QUEENSLAND CHANNEL
COUNTRY.

* **
M.R. Clarke and J.R. Wythes

SUMMARY

At Bulloo Downs, Thargomindah, from October 1983 to April 1985 (540

days), the effects of implantation with Oestradiol 17 Beta (Compudose
400) were studied with steers grazing Channel Country pastures.
Implantation produced heavier (P <0.01) final liveweight (607.8 vs 577.1
kg) and heavier (P <0.01) carcasses (320.6 vs 306.4 kg) compared to non -
implanted control steers. There was no significant difference between
the implanted and control steers in dressing percentage (52.7 vs 53.2%)
and fat thickness at the P8 rump site (20.2 vs 18.9 mm). Growth rates
for implanted and control steers were 0.49 kg per day and 0.43 kg per
day respectively.

The results of this experiment support studies with growth promotants in
other parts of south west Queensland where liveweight advantages ranging
from 6 to 40% have been recorded.

INTRODUCTION

The Channel Country is regarded traditionally as a steer fattening area
although some properties run breeding herds on the non -flooded areas.

Management is very extensive, properties are large (up to 12 000 square
km) and cattle are run at about 1.5 beasts to the square km. Steers are
trucked in, or in isolated cases walked in, from north Australian
breeding properties and released into vast fattening areas. One or two
years later they are remustered and trucked for slaughter. Cattle are
rarely handled during this interval, so growth promotants must be easy
to implant, require only one implantation and have a long activity
period. To derive maximum benefit, steers should be on a reasonable
plane of nutrition (sufficient to promote at least 0.4 kg liveweight per
head per day) and the activity period of the implant should match the

fattening period.

Few experiments have tested long acting growth promotants and none in

cattle grazing in extensive arid environments. Growth promotants would
appear to offer advantages in such environments since Cheffins (1986)

and M.R. Clarke (unpublished data) recorded liveweight responses of 9 to
24 kg in eight experiments with the short acting growth promotant,
Zeranol (Ralgro; International Minerals and Chemical Corporation).

In other parts of Queensland, numerous experiments have been conducted
with a range of growth promotants in cattle grazing pastures and in

feedlots (Mason et al. 1984; Cheffins 1986; Hodge et al. 1986). In the
more favoured environments of central Queensland, Knights and Venamore
(1985) reported advantages to long acting growth promotants, ranging
from 22 to 46 kg liveweight, in 15 to 24 month old steers. The latter
authors also reported side effects.

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

Queensland Department of Primary Industries, G.P.O. Box 46,
Brisbane
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During 1983, 1984 and 1985 an experiment was conducted at Bulloo Downs,
Thargomindah to determine the effect of a long acting growth promotant
incorporating Oestradiol 17 Beta (Compudose 400, Elanco Products
Company) on the liveweight performance and carcass characteristics of

steers grazing Channel Country pastures. Compudose 400 is a silicone
rubber implant 3 cm in length and 4.76 mm in diameter which has 48 mg of
Oestradiol 17 Beta impregnated into the outer layer.

MATERIALS AND METHOD

The Channel Country of south west Queensland comprises the flood plains
of the Mulligan, Georgina, Diamantina and Bulloo Rivers and Cooper
Creek, as well as the "relief country" between the channels. The

channels are a unique grazing area and have fertile, heavy, alluvial
soils which are naturally flooded at varying intervals and which support
a large range of perennial and annual species. The presence or absence
of particular species depends on the season in which flooding occurs and
effectiveness of any local rainfall. The relief country consists of

mulga and spinifex sand ridges, claypans, downs country, top rock

ridges and edible shrubs which respond quickly to light showers of

rain. Mulga is the most important edible shrub in that it supplies an

important drought reserve. The geology was described by Whitehouse
(1947) and the soils and vegetation by Skerman (1947).

The 225 experimental steers, a mixture of Shorthorn, Sahiwal cross and
Africander cross, were part of a larger mob which were walked down from
Rocklands, Camooweal arriving in October 1983. They were weighed on

20th October, after an overnight fast, identified with ear tags and

allocated at random within breed type to two treatment groups. One
group was implanted with Compudose 400 while the other was the control

treatment. All experimental steers grazed together as part of a much
larger group on a mixture of flooded country and relief country and the

major vegetation groups in the paddock were described by Dawson and

Boyland (1974) as:

1. Blue bush, lignum, herbland complex (Channel Country).
2. Short grass, forb associations (alluvial country).
3. Acacias, whitewood, herbaceous associations (sandy country).
4. Bastard mulga, lancewood, bendee complex (shallow red earths).
5. Mulga associations (red earths).
6. Gidgee associations (red and brown clays).

By March 1985, many of the trial steers were fat enough to sell and

during an initial muster, 90 of the original 225 experimental animals

were recovered. On 12th April 1985 the 90 experimental steers were

weighed after an over -night fast and trucked to the Quilpie rail head, a
distance of 220 km. The steers were rested, watered and fed at Quilpie
prior to being railed to an Ipswich abattoir, a further distance of 1

320 km. Steers were again rested for two days and slaughtered on 16th

April. During normal killing operations, individual trimmed hot carcass
weights were recorded for 83 carcasses. They were trimmed according to
the standard carcass definition. The depth of subcutaneous fat was

measured at the P8 rump site, as described by J.B. Moon (unpublished
data). At both the final weighing and immediately before slaughter,

each animal was observed for signs of any side effects due to the

Compudose 400.

The data were analysed using analysis of variance procedures for non -

orthogonal data, with treatment and breeds as the main effects. For
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final liveweight and carcass weight, initial liveweight was fitted as a
covariate.

RESULTS

The mean initial liveweight on 20th October 1983 of the nil- implant (112
steers) and Compudose 400 (113 steers) groups was 335.8 kg and 332.5 kg

respectively. Table 1 indicates that over the 540 days of the

experiment, the Compudose 400 steers had final liveweights 30.7 kg

heavier than the non - implanted group. Liveweight gain for implanted and
non -implanted steers was 0.49 kg per day and 0.43 kg per day
respectively, giving a mean gain of 0.46 kg per day for the two groups.
Dressing percentage of the Compudose 400 group and the non - implanted

group (52.7 vs 53.2 %) was not significantly different. Similarly, fat

thickness at the P8 rump site was not significantly different (20.2 vs

18.9 mm). Observation of the fattened steers failed to detect any of

the side effects reported by Hodge et al. (1986) and Knights and
Venamore (1985).

Table 1. Effect of implantation with Compudose 400 on liveweight
and carcass weight of steers recovered and slaughtered.

Implant treatment

Nil Compudose 400

Number of animals 39 44

Initial liveweight 350.8 338.0

Liveweight gain (kg) 229.9 263.8

Final liveweight (kg) 577.1 a+ 607.8 b
(adjusted for initial weight)
Carcass weight (kg) 306.4 a 320.6 b
(adjusted for initial weight)

+ Means in the same rows not followed by a common letter differ
significantly (P<0.01).

Pasture conditions during the first half of the experimental period were
favourable and steers gained weight rapidly. However, conditions
deteriorated late in 1984 and 1985 with a consequent reduction in rate
of weight gain.

DISCUSSION

The superior liveweight gain and carcass weights of steers, which were
implanted with Compudose 400, support the results with growth promotants
in other parts of Queensland (Mason et al. 1984; Knights and Venamore
1985; Cheffins 1986; Hodge et al. 1986). Liveweight gains in excess of
0.5 kg per head per day are likely under more favourable pasture
conditions than experienced in this experiment. In which case, the

advantage to Compudose 400 could have been greater than 30.7 kg

liveweight.

We do not consider that the use of growth promotants conflicts with the
long term conservation of the fragile and often scarce natural resources
of the arid zone. Indeed, growth promotants offer a mechanism to

increase the efficiency of converting available feed into liveweight
gain. More specifically, growth promotants act to increase nitrogen
retention by reducing tissue protein catabolism and amino acid oxidation
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(MacRae 1986).

On this evidence, growth promotants offer an easy means of improving the
growth rates of cattle in the extensive areas of Queensland. Since
these cattle are rarely handled, a long acting growth promotant, such as
Compudose 400, appears well suited to extensive cattle management
practices. Most importantly, implantation can coincide with routine
mustering and handling procedures. This handling also provides an

opportunity to dehorn cattle and to treat for lice, if necessary.

The apparent absence of any side effects may be because the experimental
period (540 days) far exceeded the activity period of the promotant (400
days). There was no opportunity to observe cattle closely during the

first 400 days post implantation.

It is recommended that before store steers are released into the vast

fattening areas of the Channel Country, that they be implanted with a

long acting growth promotant. In this way liveweight gains will be

increased through more efficient conversion of available feed to muscle
protein.
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QUALITATIVE CHANGES IN THE BOTANICAL COMPOSITION OF THE
--ÄSTTÉKA t. M I TCTTLtTASSLANIT ür NORTRIG - F1 7 S: G17-

W.D. Egel lotti , N.S.W. Department of Agriculture, Walgett. 28=
T.E. Launders, N.S.W. Department of Agriculture, Taree.40
R.D.B. Whalley, University of New England, Armi da1 e. 1

Introduction
The Astrebla grasslands of south'-west Queensland (Orr 1975, 1981,

Pressland 1984, Roberts et.al.'1976) extend south into N.S.W. to an
east -west line drawn from Bourke to Narrabri. In north -west N.S.W. the
expansion of dryl and wheat cultivation into Astrebla grasslands has
raised the question of plant succession once (if) cropping is abandoned.
This paper outlines the possible direction of plant succession in these
degraded, marginal croplands.

Rainfall

Annual median rainfall increases from 7mm at Bourke in the west to
661mm at Narrabri in the east. Walgett is centrally located in the
region of interest and has an annual median rainfall oof 474mm. On

average 59% of this rain falls in the summer months (Oct -Mar).
Throughout the Astrebla grasslands per cent summer dominance increases
with decreasing latitude. The corresponding figures for Charleville,
B1 ackal 1 , Longreach and Julia Creek being 481 (70%), 465 (70%), 459
(71%), and 422 (87%) respectively. Significant rain may fall at any
time throughout the year although there are two distinct periods,
February and May/June, when there is a greater frequency of receiving
rain (Figure 1) .
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Figure 1. Relative Frequency of Receiving Weekly Rainfall at Walgett

Comparisons Between Astrebla Grasslands of N.S.W. and Queensland
Mitchell grass is only one (albeit dominant) component of A=_;t.rebl_a
grasslands. The long-lived perennial tussocks of Mitchell grass provide
a stable matri z: in which a wide variety of other species may occur.
Botanical composition at any point in time is dependent on location,
seasonal rainfall, and grazing history (Orr 1980) .
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Almostmost half of the total number of genera found in these grasslands is

e ; l usi to either Queensland or N.S.W. (Table 1) . A greater number of
annual winter herbage species are found in N.S.W., including the annual
medics (Medicacto polymorpha, M. lacini ata) and members of the
Srassi c :acece (Grassi c:a, Rapi strum, Si symbri um) .

Table 1. Number of pl ant genera common to or exclusive t.o the Mitchell
Grasslands of N.S.W. and Queensland. Compiled from Davidson (1954) and
Roberts et.a1. (1976) for Queensland and Beadle (1948), Launders (1980)
and Hellotti (pers comm) for N.S.W.

No. common
genera

No. N. S. W.

o r 1.2.e_

4

1

?

18

.,.-i

No. Old.
on 1 y

b

3

0

14
,

a. ..

Total
-h. r-r _? r._:t-
ÿ
9

8

67

102

Grasses
Legumes
Chenopods
Other Forbs
Total

12

5

6

- 31

54

R e Cs L; ,_) na á 0+ N. S. W . As t r e b l.a Grasslands t. o !`1 d ad r Disturbances

Overgrazing in Queensland results in a decrease in Astreb l a and an
increase in unpalatable species (ß"vi::,y>o 175+3 . 51,11i 1:-i :.. ...-..._.... ,,
N.S.W. would result in increases in Salsola kid]. (soft roly poly),
Sc:1 er_)l.aena muricata (hard raly poly) , S..birchi-;... (galvanised burr) ,

):rr;nthiurr, occidentale (noogoora burr) and X.spinosum (bathurst burr)
(Figure 2).
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Mitchell
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Complex
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Astrebla 4

Medics 4

Chenopods

,.,Finc,re 2. Suggested effects of major disturbances on Astrel-;ia
grasslands in north-west N.S.W.
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Above average winter rainfall can lead to prolific growth of annual
Medics and members of the Brassicd_ :eae. While the Medics appear- to

coexist with Astrebla, providing nitrogen and finishing early, the deep
rooted Bras =i caceae have the abi l i tV to grow on into late spring,

competing with Astrebla for soil moisture. The long term effects of
this competition are unknown.

Most of the t.rt b: a grasslands in N.S.W. are subject to some degree and
frequency of flooding. A series-of major floods (1971, 1974, 1976,
1984) in recent years is held responsible by many local landholders f or
the decline in (strebia density and an increase in soft roly poly and
other annual species, with few perennial grasses. Other disturbances
usually result in a decrease in the abundance of Mitchell grass and
consequently in the stability of the rangeland. (Figure).

Successional Pathways Following the Cessation of Dryland Cropping
With the expansion of dryland wheat cultivation into north -west N.S.W.
rangeland, including Astrebla grasslands, has been converted to crop
land. Dryland cropping in this region is usually continuous and no
fertiliser is applied but there are no known studies of natural
regeneration once cropping ceases. in the unusual case that Astrebla
grasslands were cropped only for years, natural regeneration of
Astrebla and medics may take place, but as is more likely, the
grasslands have been cropped at least 10 years and the Mitchell grass
and annual medics have disappeared.

rUncropped Astrebla Grassland Complex

Dryland Wheat Cultivation

Wheat, weeds
Astrebla, medics,

Cropping

Soft roly poly, Wild oats

Brassicaceae, Wild phalarist

No

Astrebla,
Weeds

medics

i =

p.<5_ to 10 years

Weeds

5 to 10 years

Medics, native grasses t?
Soft roly poly ?

Astrebla ?

`Sown Astrebla Grassland Complex
1

20 to 50 years ?

Naturally Wetenerated
Astrebla Grassland Complex ?

Figure 7. Suggested successional changes following the cessation of
cropping of Astrebla grasslands in north -west N.S.W.
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If the wheat grower ceases cropping, the volunteer species that
regenerate are dependent on rainfall, location; and cropping history.
Pioneer species on abandoned crop land commonly include those indicated
by the up arrows. Perennial specie and native grasses are scarce.
(Figure 3).

In the near future, the landholder may have the option of resowing an
Astrebla/annual medic mix. The diamond shaped box (Figure 3) indicates
the landholder's decision to sow a pasture mix or leave the crop land to
naturally regenerate. The implications of this decision are indicated
by the two resultant pathways. The course of succ :cis= >ion shown here is
largely speculative as acknowledged by the numerous question marks.

Assuming a successful establishment of Astrebla and annual medics,
followed by several years of favourable rainfall and careful grazing
management, a new sown Astrebla grassland may eventuate. Research is
needed to determine how to successfully establish Astrebl_a, and how to
manage a sown Astrebla grassland.

If crop land i s left to naturally regenerate the presence of desirable
species will be limited by the absence of a soil seed store. Seed of
desirable species will have to be transported in by dispersal
mechanisms. The natural regeneration of an 05trebla grassland in
degraded wheat land will probably take many years, if it happens at all.
In either option, the lower soil fertility of the abandoned crop land
may be important.

Conclusion

The Astrebla grasslands of north -west N.S.W. are floristically different
from those of south -west Queensland and have suffered a reduction in
area due to flooding, overgrazing, and the expansion.of dryland wheat
cultivation. It may be possible to reconstruct these Astrebla
grasslands under certain circumstances.
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Mechanisms of change in the species composition of grazed pastures

R D B Whalley and Mohammedi Salah
Botany Department

University of New England

Introduction

Grazing animals can have considerable impact on the species
composition of pastures and these changes are often deleterious.
However, it is possible to use intermittent grazing to produce desirable
changes in species composition (Lodge and Whalley 1985) although such
grazing management systems are not widely used in Australia. Wilson
(1984) claimed that in intermittent grazing systems, the rest period was
the most critical with respect to the changes in species composition.

This study attempted to obtain information about the effects of sheep
grazing and rest periods on the seed fall, soil seed population, and
seedling emergence of several species in a native pasture at Warialda,
NSW. A better understanding of the effects of grazing and rest on the
reproductive biology of species present in pastures will allow the design
of more efficient grazing management systems.

Materials and Methods

Data were collected on two treatments of a grazing trial on the
Douglas McMaster Rural Research Station near Warialda, NSW. Paddocks
were 2 ha in area and were grazed at 16 sheep ha from 3rd May to 22nd
Nov. 1984 and 27th May to 28th Nov. 1985 (winter- spring grazing,
Treatment I) or 22nd Nov. 1984 to 27th May 1985 (summer- autumn grazing,
Treatment II). There were two replications of each grazing treatment.

(1) Seed Inputs
Six seed traps consisting of plastic trays (34x20 cm) lined with

fine nylon mesh and covered by an expanded metal guard were located in
each paddock with the top of the trap flush with the soil surface. Seed

traps were emptied bimonthly and the seeds identified and counted.

(2) Soil Seed Pool
Six soil samples (20x20x5 cm) were collected at bimonthly

intervals from each paddock, air dried and sieved and the seeds and
organic matter separated by flotation using tetrachloroethylene (Loch and
Butler 1977). Seeds were separated from the organic matter under a
binocular microscope, identified and counted.

(3) Seed Germination and Survival
Twenty five seeds of selected species were placed either on the

surface or buried to 2 cm in soil containing no seeds (obtained from the
previous experiment) in small, perforated aluminium dishes. Each dish
was covered with a perforated plastic guard covered with nylon mesh and
was placed in the soil flush with the surface. The plastic guards
allowed rain through and the entry of ants etc.. The dishes were set out
in June, September, December and March and retrieved three months later,
the seeds recovered, counted and classified into germinated, intact,
rotted or missing.
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(4) Seedling appearance
Twelve 50x30 cm quadrats

were set out in each paddock and
the position of seedlings plotted
on a transparency. The quadrats
were examined at monthly intervals
from May 1984 to August 1985 and
new seedlings marked each month
using small loops of colour coded
plastic coated copper wire.
Seedlings were identified as soon
as possible.

Results

(1) Seed Input
Removal of the sheep in

November (Treatment I), was
followed by a rapid input of seeds
of both grasses and forbs which
rose to a maximum in December
(Fig. 1). Summer grazing markedly
depressed the seed input of
grasses but resulted in a delayed
but increased input of seeds of
forbs.

(2) Soil Seed Pool
The most dramatic effect

of the rest from grazing in the
winter -spring (Treatment II) was
to increase the soil seed
population of those species which
seed first in the late spring (A.
scabrum and S. aristiglumis -
Fig. 2). There was little effect
on the soil seed population of
other species.

(3) Seed Germination and
Survival

Most seeds placed on the
surface disappeared as indicated
by the examples in Fig. 3. The
greatest germination of buried
seed of the warm season grass A.
Zeptopoda occurred in the spring
while that of the yearlong green
perennial (S. aristiglumis)
occurred throughout the autumn,
winter and spring (Fig. 3). Each
species tested had a different
response.

(4) Seedling Appearance
By far the majority of

seedlings appeared in the quadrats
when the canopy cover was reduced
either towards the end of a
grazing period or at the beginning
of a rest period (Table 1).
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Therefore the spring
germinating warm season
grasses tended to
produce more seedlings
in the winter -spring
grazing treatment and
the yearlong green and
cool season annuals
produced more seedlings
with summer- autumn
grazing.

Discussion

Heavy grazing prior
to flowering clearly
reduces the seed
production of palatable
species but also reduces
that of less palatable
species. Therefore it
is relatively easy to
modify the seed input of
pasture species which
flower and seed at
different times of the
year. Once the seed is
shed onto the soil
surface it is extremely
vulnerable to predation
and only a small
proportion of this seed
either germinates or
survives the transition
to become incorporated
into the soil seed
pool. Period of grazing
probably has little
impact on this process
and the differences in
the soil seed pool
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produced by the grazing treatments probably resulted from effects on seed
production.

The major effects of grazing involve the reduction in canopy cover
which results in large differences in the number of seedlings appearing
depending on the interaction between the actual rainfall events and the
potential seasonal germination of the individual species. These data
would indicate that events during the grazing period are just as
important as events during the rest period in the appearance of seedlings
and consequently on eventual changes in the species composition of
pastures.
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Table 1. Seedling numbers 15 dm
-2

of selected species appearing in each month
from May 1984 to August 1985 as affected by heavy winter- spring
(Treatment 1) and heavy summer- autumn (Treatment II) grazing by sheep
at Warlalda, NSW.

Warm season perennial

:'. q!!a't'1lal.lilriicum P. soriet.'n,,

Yearlong green perennial

S. .ir2at.igiomio D. link- i

Cool season
perennial

A. oc(!brum

Treatment I II 1 II 1 II I II I TI

M 0 2 0 0 7 o 0 2 0 1

J o o o o o 5 1 4 o 0

J 0 5 0 0 0 8 6 16 0 30

A 0 10 19 0 2 6 18 25 8 12

S 11 o 11 o 2 12 13 7 6 22

o 9 0. 1 0 0 0 15 7 0 23

N 7 0 0 0 0 0 0 0 0 0

I) 8 0 4 0 0 0 0 0 0 0

J o o 1 o o o o o o o

r 1 0 0 0 0 0 0 0 0 0

M 3 0 1 0 0 14 0 0 0 0

A 0 17 0 0 3 58 9 50 0 130

M 0 6 0 1 13 75 12 33 5 92

J o 4 0 0 10 82 10 83 7 91

J o 1 o 6 10 17 11 27 8 44

A 0 o 0 0 o 20 7 24 2 12

The effects of grazing on the survival of seedlings and also on the
longevity of mature plants are also important. These aspects were not
included in this study but one would suspect that the abundance of
species with a rapid population turnover rate would be easier to
manipulate by put and take stocking than species with a slower rate.
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SOWING DEPTH REQUIREMENTS OF AstrebZa Lappacea (Curly Mitchell Grass)

F J Lamberta and R D B Whalleyb

a
C/- Mary White College, University of New England.
Botany Department, University of New England,
Armidale. NSW. 2351.

INTRODUCTION

AstrebZa spp (Mitchell grasses) are restricted to the heavy
textured cracking clay soils occurring within the 300 -500 mm isohyets
(Roe and Davies, 1985). Distributed as far north as the Kimberley region
of Western Australia, the Mitchell grass plains extend through the
Northern Territory, Queensland and into northern New South Wales. This

area covers approximately 8% of Australia's arid and semi -arid region and
is considered to be the most resilient of Australia's rangeland pastures
(Orr and Holmes, 1984).

Extensive cropping has occurred within the Mitchell grass pastures of
north -western New South Wales. Recently however, there has been a
reversal of this trend in response to low economic returns from cropping
enterprises in the more marginal zones.

Low Astrebla seed supplies, in soil cropped continually for a
number of years, has resulted in the failure of AstrebZa spp to
regenerate once cropping activity has ceased. Instead, there has been an
increase in growth of unpalatable weeds in old cropped fields.

Re- introduction of AstrebZa is required to re- establish a stable
pasture community in these areas. Introduced species have proven
unsuccessful due to their poor persistence when exposed to the extreme
climatic conditions experienced in the semi -arid zone (Noble, Cunningham
and Mulham, 1984). The natural resilience of the Astrebla spp enables
them to survive severe drought conditions (Whalley and Davidson, 1969).
Not only does this provide botanical stability to the system, but
Astrebla also acts as a drought reserve, thus imparting stability to
the grazing industry within this area. Information on re- establishment
methods for AstrebZa spp is therefore essential for the long -term
stability of agriculture and grazing on the Mitchell grass plains.

The objective of this study was to contribute to a greater
understanding of the sowing depth requirements of Astrebla Zappacea
(Lindi.) Domin (Curly Mitchell grass). Planting depth is an important
criteria in seedling emergence (Ryder, Everson and Bement, 1971).
Maximum planting depth is desired to minimize the water stress
experienced by the establishing plant. However, this depth cannot be
outside the physical capacity of the coleoptile extension for the given
seed reserve (Hyder, 1979).

MATERIALS AND METHODS

Grey clay soil obtained from Walgett, in north-west New South Wales,
was put through a 2 mm sieve. Water was added to the soil to achieve 90%
field capacity. The soil was then sealed in plastic bags for a period of
one week to encourage the germination of seed present in the soil.
Seedlings were removed, resulting in a seed free soil.
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The seed source was of high quality (mean caryopsis weight = 1.9 mg),
having been hand harvested from the Walgett area in April 1985. Both
spikelets and caryopses were sown in the trial. Prior to planting, seeds
were coated with a fungicide (Captan) at a rate of 3 g /kg.

Sealable plastic containers (16 x 10 x 7 cm) were used. Three
treatments were performed by planting:

(a) 40 spikelets /container,

(b) 80 caryopses (in pairs) /container or

(c) 40 caryopses /container

at each of six depths (0, 5, 10, 20, 30, 45 mm), one depth per container,
with three replications of each treatment -depth combination.

The soil was packed to a bulk density of 1.2. After planting,
containers were sealed and placed in incubation cabinets at 30 °C constant
and exposed to light only when recording emergences.

Emergence recordings were taken twice daily for a period of eight
days. Percentage emergence was calculated by dividing the number of
seedlings emerged by the number of seeds expected to germinate. The

germination percentage was based on a germination test conducted
concurrently with this trial.

At the end of this period, each container was destructively sampled
to determine the fate of the unemerged seeds. In order to reduce labour,

' only half the contents of each container was examined. The number of
seeds recovered, number germinating and number emerging were recorded.
This allowed percentage germination and percentage emergence to be
calculated.

Analysis of results was based on the Greenhouse and Geisser analysis
for repeated measures, and an analysis of variance was performed to
determine significant differences.

Since the physical planting limit was not achieved, treatment (c) was
repeated, testing emergence at 10, 20, 40, 60 and 80 mm depths.

RESULTS
I. Emergence
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CODE
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DEPTH (mm)
figure 1: Emergence Ability of
Astrebla lappacea caryopses and
spikelets, at various sowing depths.

The germination trial
indicated 100% germination in the
caryopsis, and 185% for the
spikelet. Percentage emergence is
recorded in Figure 1.

Surface planting gave the best
emergence. For the paired
planting however, this was not
significantly different from the
emergences at 5 and 10 mm depths.
20, 30 and 45 mm emergences were
all significantly different.

Depths 5 to 30 mm gave a
comparable percentage emergence
for the single caryopsis, but the
45 mm depth gave a significantly
lower percentage emergence.
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For the spikelets, emergence at 10, 20 and 30 mm were comparable.
Surface, 5 and 45 mm emergences were significantly different from all
other depths.

The follow -up trial indicated a 1% emergence at 60 mm depth with no
seedlings emerging from a depth of 80 mm. Emergences from the shallower
depths were comparable with those outlined. A second trial, run
concurrently with the one outlined, indicated 1% emergence at a depth of
80 mm in sand.

Maximum emergence had occurred by the seventh day, with no
significant increases in emergence occurring in subsequent trials which
ran for longer periods.

II. Destructive Sampling

All seeds remained at the depth of placement. The germination
percentage did not differ significantly within a treatment over the given
depths. However, spikelet germination was significantly lower than
either the single or paired caryopses, which were comparable (Figure 2).
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figure 3:Emergence 90 of Astrebla lappacea
-spikelets and caryopses, based on the No.
of recovered seeds germinating.

By correcting for differences in treatment germination, comparisons
of the emergence ability of each treatment were performed without bias
resulting from poor germination ability.

Figure 3 indicates that for shallow depths, emergence was similar for
both the single and paired caryopses. Spikelet emergence was greater
than the caryopsis at shallow depths. At deeper depths however, the
single planted seeds showed a greater ability to emerge than either the
paired caryopses or spikelets. At the deepest depth, spikelet emergence
was comparable to the paired caryopses.

DISCUSSION

The high emergence percentage obtained from surface sowing using
sealed containers, would be severely reduced under field conditions.
Watt (1980) recorded the difficulty of establishing grasses on cracking
clay soils, due to the rapid drying of the soil surface layer after
rainfall. Seeds took about three days for their radicle to penetrate the
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soil surface. The hot, dry conditions experienced in the semi -arid zone,
would expose the seed radicle to desiccation before it could enter the
soil surface. Even if the radicle did penetrate the soil, the limited
available soil moisture would reduce the chances of seedling survival
(Watt and Whalley, 1982).

Deeper planting would increase the length of time moisture is
available to the germinating seed. The potential of Astrebla seeds to
emerge from 60 and 80 mm depths requires further study, since the
available soil moisture at these lower depths may be significantly
greater than the soil moisture available at the shallower depths tested.

The caryopsis showed the greatest ability to emerge from depth. Poor

emergence obtained from paired caryopses sown at deeper depths was
comparable with the rapid decline in emergence with depth also noted for
spikelets. This decline may reflect seed competition for oxygen at lower
depths in moist clay soil of medium bulk density.

The high emergence percentage for spikelets at shallow depths is a
result of more than one seedling emerging from a germinated spikelet
(Figure 3). However, the poor germination of the spikelet (Figure 2),
resulted in a low emergence percentage overall (Figure 1).

Results indicate that single planted Astrebla caryopses should be
used in an establishment program. Seeds in this form produced the
greatest actual emergence percentage (Figure 1) for the range of depths
tested. The ability of the caryopsis to emerge from this range of
depths, suggests Astrebla seed can be sown at conventional wheat
depths, using conventional sowing techniques.

Introducing Astrebla seeds into paddocks using existing sowing
practices should result in a ready acceptance of such re- establishment
programs. It may even be possible to include Astrebla seeds when
sowing the final wheat crop, as is the case in some other pasture /crop
rotation practices. Such a procedure, if possible, would reduce the
labour of a re- establishment program, thereby encouraging its adoption by
the farmers in the Mitchell grass plains of north -western New South Wales.

REFERENCES

1. Hyder, D N, Everson, A C and Bement, R E (1971). Journal of
Rangeland Management 24 : 287 -292

2. Hyder, D N (1979). Miscellaneous Publications 1271, US Department of
Agriculture : 89 -98.

3. Noble, J C, Cunningham, G M and Mulham, W E (1984). In Management
of Australia's Rangelands, Chapter 12, Eds. Harrington, Wilson and
Young (CSIRO, Melbourne).

4. Orr, D M and Holmes, W E (1984). In Management of Australia's
Rangelands, Chapter 16, Eds. Harrington, Wilson and Young (CSIRO,
Melbourne).

5. Roe, R and Davies, H I (1985). Tropical Grasslands, Vol. 19, No.
2, June : 87 -95.

6. Watt, L A (1980). XIV Grasslands Congress (Kentucky) : 451 -453.

7. Watt, L A and Whalley, R D B (1982). Australian Rangeland Journal,
4 (2) : 52 -60.

8. Whalley, R D B and Davidson, A A (1969). Australian Journal of
Agricultural Research, 20 : 1035 -42.



97

THE PHYSICAL AND CHEMICAL PROPERTIES OF SURFACE SOIL CONDITION CLASSES
AND THEIR SIGNIFICANCE TO THE PRODUCTIVE POTENTIAL OF RANGELAND SOILS

D.J. Tongway and R.S.B. Greene

CSIRO Division of Wildlife and Rangelands Research,
Deni 1 i quip, N.S.W. 2710, Australia

Introduction

In a previous piece of work, a series of soil surface condition
classes were derived on a set of field plots near Cobar, N.S.W. The
classes were developed from the assessment of soil surface criteria
observed directly in the field. The criteria were selected to reflect
the erosion status, stability and nutrient cycling status of the soil
quadrats. Subsequently, herbage growth showed that the classification
was indicative of soil productive potential (Table 1).

Table 1. Herbage dry -weight by soil surface condition class in March
1984; means of a total of 750 quadrats.

Soil Class 1 2 3 4 Tree Depositional

Standing Herbage kg /ha 2494 1103 136 61 1074 615

The soil
eucalypts and
alluvial fans
material, and
from class i

unproductive).
This paper discusses the results of objective analysis of soil

samples taken from the respective classes.

classes comprised `tree' - soil beneath the canopy of
with abundant litter, `depositional' which were small

comprised of relatively recent, recognizable alluviated
a set of related classes exhibiting a range of properties
(stable, productive) to class 4 (highly unstable,

Methods

We sampled a subset of the permanently marked quadrats for each
soil surface condition class in 0 -1 cm, 1 -5 cm, and 5 -10 cm horizons for
laboratory analysis. At the same time penetrometer measurements of
crust strength were made.

The soil samples were prepared for analysis by conventional methods
and measurements were made for aggregate stability by wet seiving,
organic carbon by Walkley -Black oxidation, available nitrogen by boiling
water extraction, and available phosphorus by 0.5 M sodium bicarbonate
extraction.

Results and Discussion

Crust strength as determined by penetrometer resistance is shown in
Table 2. Classes 3 and 4 taken together have significantly harder
crusts than classes 1 and 2 together. Crust strength of the
`depositional' soil surface was similar to classes 1 and 2. `Tree'

soils were distinctively softer than all other classes. The harder
crusts on the more degraded soils may result in reduced infiltration and
lowered seedling emergence.
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Table 2._ Crust strength of soil surface condition classes

Soil Class 1 2 3 4 Tree Depositional

Penetrometer
Resistance (MPa) 1.65 1.56 1.99 2.05 0.97 1.55

Table 3 compares the distribution of sizes of water -stable soil
fragments between class 1 and class 4 surface soils and clearly shows
the predominance of stable large soil fragments in class 1. This
characteristic favours infiltration of water, aeration of the soil

profile and implies good mechanical properties for seedling emergence
and root growth. By contrast, the class 4 soils are dominated by much
smaller soil fragments, which pack together more densely, with the

reverse trends for infiltration, aeration and mechanical impedance
compared to class 1 properties.

Table 3. Percentage of water -stable aggregates by size class: a
comparison between class 1 and class 4 (0 -1 cm)

Particle
size
class >2000 1000 -2000 500 -1000 250 -500 50 -250 20 -50 10 -20 2 -10

Class 1 54.0 8.0 5.3 8.2 8.3 11.6 3.1 2.0
Class 2 14.1 12.1 9.2 15.0 22.1 19.0 6.8 3.4

Tables 4, 5 and 6 summarize the data for organic carbon, available
nitrogen and available phosphate by depth for each of the six classes.

In the 0 -1 cm soil layer, nutrient values decreased from class 1 to
class 4 and the differences were significant between classes 1 and 2

together, class 3 and class 4. `Depositional' soils were similar to

class 2 values whilst `tree' soils were much higher than all other soil
strata. With the exception of the `tree' soils, there was no difference
in nutrient values in the 1 -5 and 5 -10 cm horizons across all soil
strata. Available phosphate estimates do not exhibit the same clear
trends as nitrogen and organic carbon, though at this point it is not
clear whether this truly reflects phosphate availability to plants, or
is an artefact of the method of measurement.

Table 4. Organic carbon ( %) by soil class by depth

Soil Class 1 2 3 4 Tree Depositional

Horizon
0 -1 cm 1.47 1.41 1.05 0.77 2.92 1.93
1 -5 cm 0.91 0.92 0.89 0.79 2.09 1.20
5 -10 cm 0.90 0.89 0.90 0.88 1.54 0.90
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Table 5. Available nitrogen (parts per million)by soil class by depth

Soil Class 1 2 3 4 Tree Depositional

Horizon
0 -1 cm 75.3 69.2 36.0 22.7 111.1 59.1
1 -5 cm 25.5 28.8 23.3 22.4 53.9 28.4

5 -10 cm 25.6 26.8 26.3 29.5 40.9 23.6

Table 6. Available phosphorus (parts per million) by soil
class by depth

Soil Class 1 2 3 4 Tree Depositional

Horizon
0 -1 cm 20.2 18.7 17.4 12.5 25.9 17.6

1 -5 cm 9.3 9.2 11.4 9.4 8.6 7.6
5 -10 cm 4.4 4.2 6.7 4.0 4.1 4.8

The `depositional' soil is relatively high in nutrient and organic
matter, and has respectable productivity, however the potential of this
soil to erode due to easily mobilized surface materials justifies its
separate classification.

`Tree' soils are very stable and have high nutrient levels due to
cyclic return from eucalypt litter. `Tree' is also possibly an
accretion zone for local aeolian material. Despite the excellent
properties, `tree' soils do not produce herbage proportionately. The
reason for this has not been isolated.

Conclusion

It would appear that this soil classification procedure using only
characteristics directly observable in the field can be validated by
standard laboratory determinations of stability and fertility. Soil
classes 1 to 4 exhibited a range of laboratory values consistent with an
erosional sequence, whilst the `depositional' and `tree' soils had
different and distinct values which justified their separate
classification.



RECLAMATION OF ERODED DUPLEX SOILS IN WESTERN NEW SOUTH WALES

D.W. Rhodes, Soil Conservation Service of New South Wales,
NYNGAN NSW 2825

INTRODUCTION

Scalded areas have posed a problem in revegetation of large areas
of arid and semi -arid rangelands in New South Wales.

This article briefly outlines the evolution of research by the Soil
Conservation Service and discusses the present technique - waterponding
- in some detail.

DEFINITION OF THE PROBLEM

The removal of the vegetation cover by overgrazing on areas of
duplex soils results in the loss of the fine sandy loam topsoil by
predominantly wind, but also water erosion.

The formation of a crust in the top 5 mm of the remnant clay soil
slows water infiltration and inhibits establishment of vegetation.
The bare areas which result are scalds.

CHARACTERISTICS OF SCALDS

Scalds are defined by Richards (1954) assaline- alkali soils and
generally exhibit an Ec exceeding 11 m S cm and an Exchangeable
Sodium Percentage above 25. The pH averages 7.5.

Scalds are most commonly flat, ranging to 0.4% slope.

The main problems associated with scald surfaces are:-

i) high soil surface temperature iv) low water infiltration rates
ii) wind and sand grain movement v) lack of seed source

iii) high potential evaporation vi) reduced germination sites

The first three factors have approximately equal effects on both
scalds and reclaimed surfaces therefore modification of problems iv),
v) and vi) will enhance reclamation.

RESEARCH INTO RECLAMATION

Research into scald reclamation in western New South Wales has
concentrated on techniques which retain rain water in situ thereby
both increasing total infiltration and leaching soluble salts from
the surface crust.

Techniques which have been tested include:

Complete ploughing: has had limited success as vegetation cover
decreases with time as the soil surface crust re- establishes.



Furrowing: includes spiral furrowing, contour furrowing and
checkerboard ploughing. The effectivness of these structures
has been limited by slaking down of the highly dispersible soils.

Application of Gypsum: at rates up to 10 t /ha is a successful
technique in scald reclamation. At present costs this technique
is uneconomic on broad scald treatments.

WATERPONDING

This technique has been in use since the early 1900's in the
Nyngan district. Definitive papers were originally published by
Newman (1966) and Jones (1966a, 1966b, 1967, 1969).

Early attempts at waterponding were hampered by insufficient
attention to construction techniques.

Configuration

Waterponds are generally horseshoe in shape and cover about
0.4 ha. Each retains 10 cm in depth of water with a bank length
limited to 250 m.

Construction

Survey is now performed using a laser system covering 50 ha per
day. Construction is by large road grader, with one pass from the
inside of the bank and two from the outside.

Banks are built to 40 cm height to allow for surcharge, wave
action and the effect of stock tramping. A single crest reduces
problems typically associated with earthworks in dispersible soils.

Effect of Waterponding

The ponded water leaches soluble salts from the surface crust.
This improves the remnant soil structure which increases the water
infiltration rate and the entrapment of wind borne seed.

The Ec is reduced to 4 m S cm -1 and the E.S.P. to 16. pH is
eincreasedincreased to 8. The overall effect is a change from a

non -cracking soil with a dispersed crust to a heavy cracking clay
soil.

Complete reclamation is expected to occur in five average years.
In semi -arid areas this may take eight or nine years due to regular
occurrence of dry years.

Successful establishment of vegetation, associated litter cover
and soil surface micro- relief also improves the protection of the
soil from formation of rain drop induced surface crusts.

The succession of vegetation established depends on the
available seed source from the direction of the prevailing wind.
A typical succession in the Nyngan district is:-
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Average + Season Scald (flat)

Year 1

Year 2/3

Year 3/4

Year 5 +

Waterponding ----
E-- micro -relief of surface

to l cm 0

Annual* saltbushes:

Mealy saltbush (Atriplex pseudocompanulata)
Eastern flat -top saltbush (Atriplex lindleyi)

Barley grasses (Hordeum leporinum)
Copperburrs (Sclerolaena spp)

i

Chloris spp

E micro- relief to 15 cm

Perennial saltbushes or Grasses:
Bladder saltbush (Atriplex vesicaria)
Old -man saltbush (Atriplex nummularia) or

Neverfail (Eragrostis setifolia)

Waterponding is also being used on an increasing scale to
improve areas of degraded native pastures on duplex soils.

Seeding of Treatments

Success with the seeding of waterponds, complete ploughing and
checkerboard treatments has been limited and uneconomic. Seedlings
have failed to persist during either dry or extremely wet periods.
Improved species previously tested in waterponds (Thompson, 1980)
have not persisted.

Of greater importance in establishment of vegetative cover are
grazing management and native seed availability. The vegetation
which does establish originates from adjacent heavy clay soils and
is therefore adapted to the periods of waterlogging which occur in

the waterponds.

CONCLUSION

Construction methods and the maintenance of waterponding banks
are of obvious importance in the retention of run -off water on
scalded country. However, management of grazing pressures is of
equal importance during the reclamation period in the establishment
or perennial species.

The increase in both water infiltration and the opportunities
for seed establishment result in reclamation of formerly unproductive
scalded areas in western New South Wales.
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Introduction

A series of posters is presented to draw the attention of range
managers and ecologists to a very significant biological phenomenon -
the current transformation of Mitchell grass (Astrebla spp.) plains in
North -West Queensland to thorn scrub dominated by prickly acacia
(Acacia nilotica). Mitchell grasslands are one of the world's major
grassland biomes, as well as being the premier natural grazing lands
of northern Australia. Not only are they the most productive, but
they have also been the most stable and resilient plant communities in
this region since the introduction of domestic livestock. In
Queensland, however, two concerns arise from the animal production
viewpoint - lack of protein in the mid -late dry season and inadequate
shade, especially for lambing ewes. The posters highlight how an
apparently simple solution to both these problems has substantially
altered the structure and floristics of the vegetation.

Discussion

Various approaches have been adopted to overcome protein deficits
and the absence of shade in Mitchell grasslands and these problems
remain the focus of continuing research. Meanwhile many graziers
have chosen to minimise these deficiencies by planting the exotic
prickly acacia tree along bore drains and around earth tanks. This
process was recommended to graziers in the Queensland Agricultural
Journal in 1926 (Pollock 1926).

Prickly acacia has proven to be very well adapted to Mitchell
grass soils, especially along bore drains. In these situations seed
production is guaranteed each year by the assured water supply. The
leaves and especially ripening seed pods are relished by sheep and
cattle and have a very high nutritive value in the September- November
period. This coincides with the time of greatest nutritional stress
in stock. Trees watered by bore drains have had measured yields up to
150 kg pods /tree (Anon 1977). For trees 5 m apart and along one side
of a drain only, this represents 30 tonnes pods /km drain. In 1978
there were at least 1196 km of infested bore drains in Mitchell grass
country (Bolton and James 1985).

Thus an enormous seed pulse is injected into the Mitchell grass
system each year wherever the trees have been established. Under
sheep grazing dispersal of these seeds has been considerably hindered
as only 0.15% remains germinable after passage through the sheeps
digestive tract. However for cattle, which have a voracious appetite
for the pods, 41% of seed ingested remains germinable after passage
(Harvey 1981).

Establishment of trees on Mitchell grass soils is a slow and
difficult process in the absence of supplementary water. Establishing
trees have to compete with a proliferating fibrous grass root system
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in the surface soil. It is rare that tree roots can out compete grass
root systems for both moisture and nitrogen, especially under light
rainfall conditions which do not wet the deeper subsoil layers in
these heavy clays. However episodic events of above average rainfall
do occur in these environments (e.g. mid 1950's, mid 1970's) and
providing seed is present trees can establish (more so if they are
also leguminous). Bolton and James (1985) estimate that c. 492,000
ha of land were infested to various degrees by 1978 compared with a
total Mitchell grass area in Queensland of c. 30 million ha (Weston et
el. 1981).

Prickly acacias survive drought conditions by dropping their
foliage and so reduce transpirational demand to a minimum. However in
average seasons the presence of the trees, as a high protein source in
the September- November period, means stock maintain excellent
condition and grazing pressure remains high on the associated pasture.
High grazing pressure in the early wet season is very deleterious to
Mitchell grasses and other native grasses.

The destabilising of the Mitchell grass system does not occur
'over night'. Nevertheless the transformation is very rapid in
ecological terms - 30 years being quoted for the change from scattered
bore drain trees to a dense stand over all paddocks at "Garomna ",
Julia Creek. Similar time scales seem to have operated at
"Wyangarie ", Richmond and "Politic" and "Acacia Downs" Aramac.
"Keswick" north of Julia Creek is currently representative of a site
where the undoubted advantages of early colonisation are being
replaced by the clear disadvantages of too dense a stand. Many other
examples exist for all stages of colonisation in the Mitchell grass
country north of the Tropic of Capricorn. South of this latitude
frost appears to affect seed set and so should limit spread.

The success of prickly acacia in invading Mitchell grass country
is most evident along the inland highway between Hughenden and Julia
Creek. This route was essentially "treeless" 25 years ago.

Prickly acacia is a declared noxious plant and as such it should
be eliminated on all sites where it occurs. Because of its perceived
benefits to animal nutrition this policy has not been enforced. But
the Queensland Department of Lands has undertaken studies on
biological control - the most successful agent being a seed boring
beetle (Bruchidius sp.) which can reduce seed viability by 50% for
seed on the ground. This has no effect on seed pods consumed directly
from the tree. For a property with 20 km of bore drain a potential
annual production of 300 tonnes of undamaged seed pods exists, even in
the presence of this beetle.

Mechanical control measures (use of a bulldozer) have promoted
massive regeneration of prickly acacia in the disturbed soil. Fire is
likely to also promote seed germination. Chemical control measures
are very costly but may be worthwhile to eliminate the irrigated seed
trees growing along bore drains (estimated cost $200 /km drain by 20 m
wide strip).

Prognosis

Without any ameliorative measures Mitchell grasslands could
disappear in the next 30 -100 years, especially where prickly acacia
occurs with open bore drains and cattle grazing. This phenomenon is
not unusual in semi -arid areas and other examples where the switch to
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tree /shrub dominance has been recorded include S.W. Queensland - N.W.
New South Wales (Cobar- Byrock), the S.W. United States ( "Desert"
grassland) and the thornveld of southern Africa. In all cases there
have been fodder trees present (mulga, mesquite and prickly acacias)
which have helped to accelerate the switch by keeping stock alive and
so placing unusual grazing pressure on the grass in the late dry -
early wet season. What distinguishes the Mitchell graslands from the
other examples is that in this case a definite invasion is occurring,
whereas in the others the native trees and shrubs have simply
thickened up. But in every example a pronounced drop in grazing value
of the land has been the inevitable result.

The long term viability of the grazing industry in the Mitchell
grasslands is thus under serious threat from prickly acacia, more so
since initial infestations enhance financial returns to graziers (W.E.
Holmes unpublished). Under these circumstances it is not unreasonable
to consider alternative uses for any converted grasslands. In Africa
moderately dense tree -shrub savanna would be stocked with goats or
with one or more selected wild browsing ungulates such as eland, kudu
and giraffe, or the intermediate feeding impala (Barnes 1982). The
speed of invasion of Mitchell grasslands by prickly acacia is such
that the feasibility of alternative livestock enterprises needs
researching now. In the meantime the removal of trees along bore
drains and the exclusion of cattle (at least during the period ripe
seed is on the trees) would retard seed production and dispersal.
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A major problem associated with natural pasture on the Northern
Slopes Of New South Wales is the widespread occurrence of wiregrass
( Asistida ramosa), a coarse, tussocky grass of low forage value (Lodge
and Whalley 1983). Its three -awned seeds contamina-e wool hides
and carcases (Lodge and Hamilton 1981). Additionally, over 40 per cent
of sheep slaughtered at export abattoirs (Hamilton 1978) are contaminated
with grass seed, resulting in trimming and downgrading of skins and
carcases.

Rapid increases in the costs associated with the establishment
and maintenance of sown pastures (fuel, fertiliser, herbicide, etc.)
and the lack of persistence of some species in the droughts of the
early 1980's has rekindled a growing interest by graziers in the
management and increased productivity of a major resource on most
properties - their natural pastures. However, because of low stock-
ing rates and low returns, any improvement in their carrying capacity
must initially involve little or no capital outlay.

Most natural pastures occur in hilly, sloping terrain which is
not suitable for cultivation and conventional seed -bed preparation.
Hence, the only means of improving a substantial proportion of the
natural grasslands is by aerial agriculture (superphosphate, herbicide
and over -sowing), grazing management and fire.

A grazing system based on phenological data, for seedling
germination and survival and flowering (Lodge 1983), was developed
to decrease the abundance of wiregrass and encourage more valuable
species such as Danthonia. This theoretical model was tested as three
experimental sites (Lodge and Whalley 1985) and was shown to be a
successful and effective method of manipulating pasture species
composition. The grazing strategy, which basically involves heavy
grazing in summer and early autumn and resting from grazing in winter
and early spring, takes advantage in the phenologies and growth of
these two species. Heavy sum -her grazing reduces wiregrass vigour,
prevents seeding, and seedling establishment. Resting of pasture
during winter and spring enables Danthonia and other winter - growing
native perenniel grasses to grow, seedlings to establish and plants
to flower and seed in spring.

Initially, the grazing strategy was designed for use by wethers
and store stock. Modifications, such as slashing or burning to reduce
the bulk of dead, unpalatable material, or the supplementation of
stock grazing low quality grass could enable other types of stock
to be used.



It appears as though many livestock producers could greatly
benefit from the adoption of the grazing management systems developed
by Lodge (1983). However, to develop producer orientated programs,
advisory officers would need to have an understanding of the extent
of the problem, the main enterprises which it affected and graziers
perceptions of the wiregrass problem.

A Wiregrass Action Group (WAG) has been established to co-
ordinate and provide information on wiregrass, and to create a pro-
ducer awareness of the problem and the control measures available
by:-

(i) the establishment of large demonstration areas on graziers'
properties to demonstrate the technology to local producers;

(ii) surveying producers to determine their attitude to wiregrass
management and success of their efforts in being able to
reduce its abundance;

(iii) providing information on the cost of wiregrass and methods
of its control using press, radio and television releases,
information sheets and displays at local shows and field days.

This presentation reports the findings of a mail survey. Some
of the findings from the survey and how these will determine the
suture direction and emphasis of the advisory program were as
follows:-

How large is the wiregrass problem? 74 per cent of all
respondents (234) had wiregrass on their properties and most of these
had a combined sheep /cattle enterprise. Of the properties with
wiregrass, 83 per cent considered it to be a problem. The repsonse
clearly identified that a wiregrass problem exists for the majority
of livestock producers in the area and there would be a large
audience for further advisory programs.

To what sheep enterprises does wiregrass pose a problem? The
most serious problem occurred on properties greater than 2000 ha
mostly with Merino whethers and Merino breeding. The inference was
that grass seed contamination of wool and low quality pastures for
breeding and growing out sheep were the major cause of concern.
Wiregrass was generally considered to be a lesser problem by first
and second cross lamb producers, probably because of more areas of
improved pastures on smaller holdings. However, some producers
surveyed may have been unaware of the serious damage that even light

infestations of grass seed can cause to skin and carcases. Hence,
an awareness campaign of the costs of wiregrass seed to the lamb
industry should be included in the advisory program.

How many producers have tried to control wiregrass? 61 per cent
of all graziers with wiregrass had attempted to control the problem.
This clearly indicated that graziers are prepared to control wire -
grass and support a wiregrass management program that has been shown
to be successful.



What methods have been tried for wiregrass control and what was
the success rate? Cultivation was rated by farmers as the best
method of controlling wiregrass and would be the preferred option
on arable land. However, most wiregrass occurs on non -arable
grazing land. Graziers appear to have tried nearly any and every
method of controlling the wiregrass problem, indicating that a range
of options could be used in an advisory program. Other methods
graziers used included herbicides, slashing, supplementary feeding
and alternative stock types. eg horses and goats. The response
to this question indicates that although the components of wiregrass
control are already in existence and accepted by graziers, their
success rate has been low. The advisory program should show how
these components either singly or in combination can be used to
successfully control wiregrass.

Are supplements used? Nearly half of all graziers with wire -
grass use supplements, such as urea block, or urea and molasses.
Heavy grazing and supplements were also rated as one the most
effective methods of wiregrass control.

Wool test certificate data Over the past three years, these
showed that shive (grass seed) was the major contaminant in the main
fleece line and skirtings. The advisory program should accurately
establish what grass seed combination costs the wool producer in loss
returns. From the survey, wool growers estimated that shive was
costing between 25 cents and 100 cents per kilogram.

CONCLUSIONS

Survey results have indicated that a large number of sheep
owners in Barraba, Manilla, Parry and Nundle shires see wiregrass
as a problem principally in relation to wool production and Merino
breeding and to a lesser extent in lamb production. In the latter
case, this may be due to less wiregrass pastures or lack of awareness
of damage caused to lamb products.

Most graziers have tried some methods of wiregrass control, but
with a low success rate, which indicates the need for wiregrass
advisory activities aimed at promoting the recommended wiregrass
control principles developed in the research program. Heavy grazing
of wiregrass by sheep is an essential component of successful
wiregrass control.
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Introduction

Degradation of soil structure associated with overgrazing is a

major problem in the semi -arid woodlands of eastern Australia. Load of
soil structure on the massive red earth soils results in the formation
of surface seals. These seals have a reduced macroporosity, which limits
their infiltration rate and may result in erosion (Mott et al. 1979).

In order to monitor the effect of management practices such as

grazing and burning on the productivity of rangelands soils, it is

essential to have criteria for classifying surface soil condition. On a
massive red earth at Cobrar, N.S.W., six soil surface classes have been
identified. The classification is based on readily observable
attributes of the surface soil condition in a 0.25 mr quadrat. The six
classes include an erosion sequence (classes 1-4), a depositional class
and a litter accumulation class occurring below trees. The erosional
sequence class 1 was highly productive and showed no signs of erosion,
while class 4 was badly eroded rind had little or no plant production
(Tongway and Smith 1987). Classes 2 and 3 were intermediate.

Tongway and Greene (1986) measured some of the physical and

chemical properties of the different classes of surface soil condition.
Their results indicated that there was a marked difference in properties
between the different clauses, particularly between the classes within
the erosion sequence. This paper examines the differences in morphology
between the classes 1 and 4 of the erosion sequence and discusses the
iwplication of these differences to the ebtbblishment of seedlings.

Methods

Two techniques were used to examine the detailed morphology of the
surface condition classes. In this summary only classes 1 and 4 are
reported.

Orin Section Afarcrvomporpboloiey

Undisturbed samples of the surface soil condition classes were
collected in October 1985 in large tins (155 x 100 x 50 mm) from about
the upper 40 ana of each plot. They were air dried (350C), impregnated
with polyester resin and vertical thin sections cut from the impregnated
blocks. The thin sections were then examined under a petrological

microscope.

S enniD Electron Mi croIcgAy
Samples approximately 20 mm diem. of the upper 20 mm of the soil

surface were carefully removed with a spatula and transported to the
laboratory. After air- drying, the surface soil samples were broken
carefully according to natural planes of weakness, exposing the fresh
undisturbed soil face normal to the soil surface. A piece of sample was
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then glued onto the microscope stub with the fresh soil surface facing
upwards. The samples were vacuum coated with gold and examined with a

Phillips S.E.M. nt a range of magnifications.

Results and Discussion

Visual Attributeo in the Field
In the field, surface soil condition classes 1 and 4 differed

markedly in their appearance. Class 1 soils have a stable surface
structure, with well developed'surface microtopography. The surface
also has a high coverage of cryptogame and litter.

In contrast, the surface of class 4 is highly eroded, with rilling
and frequent occurence of lag gravel.

Min Section N3crcarpbol o
In thin section, surface condition clans 1 is seen to consist of a

thin layer (0 -2.5 mm) of cryptoges over a layer (1.0 -5.0 mm thick) of
loosely packed, probably water deposited stable aggregates.

Below this layer is an .A1 horizon which conelsts of silt and fine
sand particles interspersed with colloidal material. This layer also

Elbows moderate biological activity.
The cryptogams, litter and high degree of roughness on the surface,

of class 1 soils would assist the. retention of seede on th.e soil surface
against the action of wind and water. Also class 1 noi1 provide 'safe
mites' (Harper 1977) where there is a vary good microenvironmsent for

seed -soil contact and therefore seeds can germinate before they dry out.
Further growth of the se citing could occur in the upper two layers,

but root development in the surface of the Ai horizon could be more
difficult due to its dense nature.

Surfoce moil condition elms 4 differed markedly in appearance to

class 1. There is a thin surface layer of sand and silt (0.2 son) with
virtually no cryptograms or litter present. below this is a layer 1.5-
5.0 mm thick of loosely packed gilt and fine sand with a small amount of
coarse sand particles up to 500 pm dins. The next layer is a truncated
Bc horizon, the top 1.0 mm of which is compacted and lean permeable than
the underlying material.

The highly eroded nature of class 4 soils results in a bare, flat

surface in which it would be difficult for a grains seed to be retained

against wind and water erosion. The lack of mineral or organic

colloidal material in the layer of loosely packed coarse materiel
implies that it would dry out quickly and be unsuitable for the
germination of seedlings. If seedling germination did occur in this
layer, rooting would be difficult due to the relatively dry conditions
existing, Also it would be difficult for the seedling to penetrate into
the crust into the top of the At horizon.

Scanning' g El ectrod ficrascopy
Scanning electron micrographs demonstrated a large difference in

the morphology of the upper few millimetres between the surface
condition classes 1 and 4. Class 1 has e very porous, well structured
appearance, with a high concentration of organic matter (debris, roots,
fungal hyphac, etc.) holding the soil particles together. High

magnification SEM clearly shows organic matter binding particles 20 -200
m in diameter into aggregatee > 2000 pm diem.

However, the class 4 surface has a very massive sandy appearance
with very little porosity and no organic matter preinent to bind together
soil particles.
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introduction.

In Australia Eragrost_is curvula ( Schrad.) Nees is
often considered a weed (Campbell., 1983). Campbell (1983)
argued that the weed potential of E. curvula lay in its
low palatability, low crude protein content. its
susceptibility to frost damage and its ability to invade
more desirable winter active pastures, particulary in more
favoured environments.

Johnston and Cregan (1979) reported wide variation in
palatability between E. curvula strains and suggested that
a palatable strain would be valuable for soil erosion
control in drier areas where commercially available
species were largely unsuitable and lacked persistence.
Subsequently, Consol, a relatively palatable cultivar of

curvula has been released in Australia (Anon, 1982) .
Concern is still expressed about the potential weed status
of the newly released cultivar in the higher rainfall
areas where E. curvula has already invaded pastures. It is
also important to know Consol's competitive relations with
the other strains of E. curvula to indicate whether it has
the ability to out compete them in areas where they
already exist.

Materials and Methods,

curvula has invaded sown pastures at. Shannon Vale
Field Station near Glen Innes, the invasion has involved
two agronomic types. According to the classification
system proposed by Leigh and Davidson (1968) these types
were curvula and choloromelas (short) . Seed of these two
invading types and of Consol were sown in seed flats in
the glasshouse, when the seedlings were 10 -- 20mm tall
they were transferred to jiffy pellets. Plants were sown
in the field in the jiffy pellets at a density of 20
plants per square metre when seedlings were 50 - 60mm
tall. Each type of E. curvula was sown in a replacement
series (Harper 1977) with each of the other types in the
ratios of 25, 50, 75 and 100% respectively. Plots were
harvested periodically with hand shears and herbage mass
of each type in pure stand and in mixtures determined on
each occasion. Plots were grazed in April 1985 when
grazing preferences of sheep were recorded.
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Results and Discussion

The relative crowding coefficient (Harper 1977) was
calculated for each pair 'of grasses at each harvest and is
shown in Table 1. With values consistently greater than
one the curvula type proved more competitive then both the
other types at all harvests. Consol and the choromel as
type had similar competitive abilities with Consol
favoured during the early harvests (values l) and
chloromelas: at the at the later harvests.

Table I. The relative crowding coefficients between each
type of E. curvula calculated for each harvest
at Shannon Vale.

Relative Crowding Coefficient

Harvest
Date

curvula
with Consol

curvula wi th
chloromelas

Consol with
chloromelas

12- 1-84 1.5 l.5 0.8

14- 2--84 2.0 2.7 1.7

28--- 3-84 1.9 2.1 1.6

8-10--84 2.7 2.0 1.3

21-11-84 2.5 2.1 1.0

i_,-- 2-85 2.8 1.5 0.8

6-11-85 1.9 1.1 0.7

7- 1-86 2.8 1.7 0.8

17-- 2-86 :i . 1 2.9 0 . 8

Examination of the data by the Machin and Sanderson
1977 ) model gave a range of results during the

experiment. Data from three harvests (12-3-84 , 21- -11 -84 ,

E-ì- 11-- 85, figure l) are present ed to cover the range of

competition effects recorded.

When K -.T is significant there is i ni erspeci es

interferance and the effect is reflected in the shape of
the curves of each component.. Thus in figure 1f both
curvula and chloromelas strains are depressed by the
presence of each other. When is significant. the

effect of one species on the other is greater; in figure
ib the curvula strain is largely unaffected but. Consol is
strongly depressed. When neither value is significant the
plants abilities to interfere with each other are exactly
equivalent . The depression suffered by curvula in
competition with both consol and chloromelas in November
1985 is unusual, this may indicate a susceptibility of the
curvula type to competition in the spring (see also
Robinson and Whalley this conference). The chloromelas
type was generally more productive than Consol but that
did not appear to give it a competitive advantage.

Observation of the grazing preferences of sheep in
April 1985 showed that Consol was readily grazed within
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Figure 1. Replacement diagrams showing the best fit. (Machin and Sanderson
1977 model) between agronomic types of Eragrostis curvula at
three times of cutting.

I "Curvula"

(a) 23.3.84

K=T 7.51**

K=T=1 6.27*

II "Consol"

I "Curvula"

(d) 23.8.84

K=T 1.70 ns
K=T=1 7.64**

II "Chloromelas"

(e) 21.11.84

K=T 6.87**
K=T=1 12.21**

200

I "Consol"

(g) 23.8.84

K=T 2.01 ns
400, K=T=1 5.42*

II "Chloromelas"

(h) 21.11.84

K=T 3..08 ns

K=T=1 1.46 ns

(f) 6.11.84

K=T 1268*
K

(i) 6.11.84

K=T 3.11 ns
' K=T=1 3.72 ns

20

I 0 .25 .5 .75 1 0 .25 .5 .75 1 0 .25 .5 .75 1

II 1 .75 .5 .25 0 1 .75 .5 .25 0 1 .75 .5 .25 0

Proportions of species I and species II in the population



117

three hours of the introduction of. stock into the plots.
Consol was fully grazed before the sheep began to
graze the chloromelas type after 16 - 20 hours. It was a
further 8 - 12 hours before any significant grazing was
recorded on the curvula type, at which stage there was
still some forage available on the chloromelas type.

Conclusi on

The strong compet: it ive showing of the curvula type of
F. curvula together with its low preference for grazing by
sheep confirm its rating as a weed by producers on the
tablelands. The relatively lower competitive showing by
Consol and its greater accept :ibility by sheep suggest that
it is unlikely to be regarded as 'a serious weed on the
Tablelands. However, it is unlikely that Consol will
provide adequate competition to prevent the other strains
tested from becoming established as a significant
component of the sward in areas where they already occur.
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COMPETITION BETWEEN ERAGROSTIS CURVULA AND SOME SOWN GRASS
SPECIES ON THE NORTHERN TABLELANDS.

G.G. Robinson a and R.D.B. Whalley b

a N.S.W. Department of Agriculture,
Glen Innes. N.S.W. 2370.
b Deparment of Botany,
University of New England,
Armidale. N.S.W. 2351.

Introduction.

Campbell (1983) suggested that Eragrostis curvula
(Schrad.) Nees could be classified as a category B weed and
indicated that control could be achieved with the herbicide
tetrapion. Such control is expensive and it is essential that
control is accompanied by management procedures aimed at
maximising control and to prevent reinvasion. Adequate
competition from other species within the sward is an important
factor in both these objectives. Heavy stands of E. curvula
contain very few other plants and in this situation other
species may need to be sown when herbicide treatment is
undertaken.

In an effort to determine the most appropriate species
to sow an experiment was established at Shannon Vale Field
Station. Competitive relations between three of the most
common sown pasture grasses and three agronomic types of E.
curvula were examined.

Materials and Methods.

E. curvula has invaded sown pasture at Shannon Vale
Field Station near Glen Innes, the invasion has involved two
agronomic types. According to the classification system
proposed by Leigh and Davidson (1968) these types were
curvula and choloromelas (short). Seed of these two invading
types, Consol and three selected introduced grasses were sown
in seed flats in the glasshouse; when the seedlings were 10 -
20mm tall they were transferred to jiffy pellets. Plants were
sown in the field in the jiffy pellets at a density of twenty
plants per square metre when seedlings were 50 - 60mm tall.
Each type of E. curvula was sown in a replacement series
(Harper 1977) with Phalaris acquatica c.v. Sirosa, Festuca
arundinacea c.v. Demeter and Dactylis glamerata c.v. Currie
in the ratios of 25, 50, 75, and 100% respectively.

Plots were harvested periodically with hand shears and
herbage mass of each type in pure stand and in mixtures
determined on each occasion.

Results

The relative crowding coefficients (Harper 1977) for the
eragrostis strains and the sown grasses are shown in Table 1.
The high proportion of values greater than one indicate that
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phalaris is a poor competitor with all the strains of
eragrostis. Both fescue and cocksfoot proved competitive at
times (figures less than one) with fescue proving more
consistent particularly during the later harvests.

Table 1. The relative crowding coefficients calculated
for each agronomic type of E. curvula and each
sown grass for each harvest at Shannon Vale.

Relative crowding coefficients

Date
curvula

X

phal. fes. coc.

Consol
X

phal. fes. coc.

chloromelas
X

phal. fes. coc.

12- 1-84 1.1 1.9 1.0 1.0 1.1 4.0 1.4 0.6 0.9

14- 2-84 1.0 1.7 0.8 1.4 1.8 1.3 0.8 0.9 0.7

28- 3-84 1.6 1.2 0.7 1.2 1.2 0.9 1.7 0.9 0.7

8-1.0-84 1.1 0.8 0.7 1.2 0.7 0.8 1.5 0.5 0.6

21-11-84 1.4 1.0 1.0 0.6 0.7 1.0 2.2 0.4 0.9

6- 2-85 15.0+ 1.2 4.7 4.0 0.9 1.7 15.0+ 0.7 0.7

6- 2-85 2.7 0.9 .1.8 2.9 0.8 1..9 9.2 1.0 2.2

7- 1-86 3.4 1.4 1.3 1.8 0.8 1.4 8.3 0.8 1.9

17- 2-86 5.0 3.1 3.1 0.8 1.0 1.7 3.2 1.7 2.8

Analysis by the Machin and Sanderson (1977) model
confirmed the above competitive ranking of the sown grasses.
When K=T is significant there is interspecies interference,
thus in figure if both eragrostis and fescue are depressed by
the presence of the other as indicated by the shape of the
curve of each one. When K =T=1 is significant the effect of
one species on the other is greater; in figure lb the herbage
mass of eragrostis is largely unaffected while phalaris
production is reduced. When neither value is significant it
indicates that each plants ability to interfere with the
other is exactly equivalent. Data presented (figure 1) are
for three harvests (12- 3 --84, 21 -11 -84 and 6- 11 -85) during the

experiment and examine the competitive relationships of the
three sown species with the curvula agronomic type of E.
curvula. Initially (12 -3 -84) there was little evidence of
competition, but fescue caused a depression in the yield of
E. curvula at the intermediate densities during the spring
harvests of both 1984 and 1985 (figure le & f) . Cocksfoot
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Figure 1.

a) 28-3-84

Replacement diagrams showing the best fit (Machin
and Sanderson, 1977 model) between I Eragrostis
curvula (curvula strain) and II Phalaris aquatica
c.v. Sirosa (a, b, c), Festuca arundinacea c.v.
Demeter (d,e,f) and DactyZis gZomerata c.v. Currie
(g,h,i) at three times of cutting.
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also proved competitive (figure lj) but phalaris was
generally unable to influence the yield of eragrost.is (figure
lb & c).

Discussion.

While fescue proved the most competitive species
overall, this could in part be attributed to its greater
presistance than cocksfoot when cut for yield determination.
Cocksfoot proved susceptible to being cut very short when dry
conditions followed and several plants died, thus reducing
the overall competitive effect of the species particulary at
the later harvests. The curvula agronomic type proved most
susceptible to competition during spring (see also Robinson
and Whalley this conference) a feature that should be noted
in the development of any managment strategy. Results show
that the appropriate species selection is of paramount
importance when pastures are sown as part of a programme for
the control of plants such as E. curvula. The success of such
a programme is likely to be enhanced when the managment
requirements and susceptibilities of both introduced and
target species are known and exploited.
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RANGELAND FIRE MANAGEMENT: ECONOMICS AND ECOLOGY

A -M.N. Izac

Department of Agriculture
University of Queensland

To date, rangeland fire management research in Australia has

focussed on the physical and biological parameters of wildfires and
prescribed burning, and on the physical control and suppression of these
fires. If Australia is to develop a rangeland fire management policy in
keeping with the spirit of the National Conservation Strategy for

Australia (1984) and with the findings of the Parliamentary inquiry into
the impact of bushfires (1984) , it is imperative that the perspective of
fire management research be broadened.

The objectives in this paper are twofold. The first objective is
to demonstrate the necessity for a rangeland fire management policy. A
natural resource economics perspective is adopted for doing so in the
first section of the paper. The second objective is to discuss the
principal characteristics of the procedure which can be used to develop
this policy, and accordingly suggest new directions for rangeland fire
research. The second section of the paper deals with these issues.

A Natural Resource Economics Analysis of Rangeland Fires

Wildfires and prescribed fires (fires for short) in Australian
rangelands are complex environmental factors because of the diversity of
the ecosystems and land uses which they support. Examples of land uses
include sheep and cattle grazing, mining, Aboriginal reserves,
environmental reserves, national parks. The principal relationships
which exist between the relevant ecological, physical, institutional and
economic fire parameters on rangelands are schematised in figure 1.
This figure shows that the positive and negative impacts of fires are
monetary and non -monetary, long term and short term, and that they

affect individual rangeland users (e.g. , loss of livestock) and society
at large (e.g., loss of unique environments, long -run conservation
benefits of prescribed burning).

Because of this variety of effects, conflicting fire decisions are
made by different rangeland users who seek to secure different

objectives when utilising their lands. Graziers, for example, must
comply with the "laws of .the market" and are sensitive to 'monetary
incentives. Consequently, they generally attempt to suppress wildfires
on their lands because of the obvious potential for catastrophic
economic losses. They are also reluctant to use prescribed burning
because its benefits are long -term and uncertain (since they depend upon
highly variable rainfall) whereas its costs are immediate and certain.
By opposition, national parks and wildlife services for example, do not
have to comply with market forces and rely on wildfires and prescribed
burning to a much greater extent than graziers for ecological reasons.
The problem is that the fire decisions of one category of users have
consequences for other categories of users at any point in time, and
overtime. This is obviously because fires spread to areas used by
different rangeland users and because their effects occur over periods
of time and are sometimes irreversible (see figure 1).

This problem is further complicated by two factors. First,
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rangeland users are very likely to make "irrational" or inconsistent
individual fire management decisions. The substantial body of evidence
available about individuals' perceptions of probabilistic events, such
as bushfires or floods, shows that individuals living in high risk areas
have a very limited knowledge and understanding of the probabilistic
nature of these events (e.g., Kunreuther et al. 1978, Arrow 1983). This

evidence also shows that the risk mitigation (fire management) decisions
made by these individuals are totally inconsistent with their limited
knowledge of these events (e.g., Arrow 1983, Cole & Witthey 1981). Such
decisions are therefore likely to lead to a degradation of rangeland
ecosystems in the medium or long term.

Second, ,rangeland users making their in fire decisions (which have
effects for society at large, and for future generations) will probablly
adopt a shorter time horizon than society's time horizon. Users who
must abide by market forces, in particular, have an incentive to

discount future costs at a high rate (or market rate of interest)
whereas society generally discounts future costs at a low rate (or

social rate of discount) to account for the welfare (well being) of
future generations. Such individual decisions will thus tend to ignore
or seriously discount the long run effects of fire management practices.

It follows that if rangeland users continue to make their awn fire
management decisions, the long run sustainability of rangeland
eco- systems will be jeopardised. In economic idiom this means that the
intertemporal externalities associated with individual fire decisions
(i.e., the present and future effects of fire decisions for other
rangeland users and for society) automatically hamper the maximisation
of intertemporal social welfare (i. e. , the well being of present and
future generations.) The development and implementation of a rangeland
fire policy is one way to ensure that fire management incentives are
given to rangeland users in order to maximise or increase intertemporal
social welfare.

Procedure for the Development of a Rangeland Fire Policy

A rangeland fire policy will need to determine which level of fire
management is socially optimal, or rational, and how this level can be
implemented. A socially optimal level of fire management is such that
the total costs of fire management are minimised, and the corresponding
benefits are maximised. A socially rational level of fire management is
such that total benefits , simply outweigh total costs. In order to

determine which level of rangeland fire management would be

optimal /rational, it is necessary to quantify the various impacts of
fires represented in figure 1 and to assess their " worth" to society.
This can be done in three steps. First, fire models must be developed
for each major kind of rangeland ecosystem. To date, fire behaviour
models have been built to predict the rate of spread of fires as a

function of the environmental characteristics of some rangeland
ecosystems (e.g., Griffin 1984). These models need to be expanded so
that the environmental variables characterising different rangeland
ecosystems are related to the probabilities of occurence of the relvant
fire impacts. Equations of the following type would be obtained for the
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main rangeland ecosystems:

[X.]= probability [C., B.] (1)

X. _ vector of the environmental characteristics of ecosystem j
J

C. and B. = vectors of the negative and positive effects of
fires of intensity, size and duration i

In the second step of this procedure, the components of the C.'s

and B.' s would have to be monetarily evaluated. Existing economic
techniques of evaluation of monetary and non -monetary costs and benefits
can be used for this assessment. As a result of this step, all Ci's and

B.'s will be evaluated in a common unit. In the third step of this
procedure, the costs of different levels of fire management (obtained by
direct observation of existing costs and levels of fire management
throughout Australia) have to be compared to the corresponding benefits.
These are equal to the levels of net damage avoided or:

benefits of fire management in j = probability [B.-c.]

As mentioned above, if these benefits outweight the costs of fire
management, a socially rational level of fire management is attained.
An optimal level is achieved if the difference between benefits and
costs of fire management is maximised.

New research would need to be undertaken along the lines just
suggested before this procedure could be used to determine a

rational /optimal level of rangeland fire management. The analysis
developed above shows that regulations and /or monetary incentives
provided by the government (e.g., compulsory bushfire insurance for all
rangeland landholders) would be necessary to implement this

rational/optimal level.
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Fire Ecology of the Hummock Grasslands of Central Australia

by Grant E. Allan and Graham F. Griffin
CSIRO Division of Wildlife and Rangelands Research
Central Australian Laboratory
P.Q. Box 2111 Alice Springs NT 5750

Introduction
Hummock grasslands cover 22% of arid Australia. They are home to a
great diversity of plants and animals including the world's richest
reptile fauna. The management of these fire prone spinifex communities
for their value as a large, relatively undisturbed ecosystem, unaffected
by cattle grazing must aim to re- establish the Aboriginal imposed
regime of small frequent fires which preceeded European settlement in
central Australia. Such mosaic burning provides a wide variety of states
for organisms to persist.

In this paper we will describe the hummock grasslands of central
Australia our research into the fire ecology of these areas, some of
our results to ,date and the implications and applications of our
research.

The Hummock Grasslands
Aboriginals have probably been present in central Australia for at least
the last 10,000 years. They used fire to create a mosaic of many
different aged patches. Spreading the fires in space and time had two
very profound effects. The first was to vary the amount of fuel in
different patches. The amount of fuel in a patch is a function of the
time since burning and the amount of rain which has fallen (Griffin,
1984). A mosaic of patches with different fuel loads would act to
inhibit the passage of large wildfires. The second effect was to create
a range of "states' in the vegetation from early post -fire plant
communities to old mature patches. This spectrum of states associated
with the time since fire, hosts a far greater variety of plants and
animals than any one state alone and allows many possible responses by
the biota in an unpredictable climate.

The arrival of Europeans in central Australia just over a century ago
heralded the rapid decline of the mobile Aboriginal populations and
their active burning practices. With no notion of the role of fire in
arid lands, Europeans by default installed a new fire regime in the
landscape. The size and distribution of the burnt patches changed from
small and close under Aboriginal management to large and distant under
the practice of responding only to wildfires which threaten property.
Evidence suggests that the impact on many of our native mammals has been
profound since the spinifex grasslands became more uniform. Changes in
the vegetation have been more frequently reported, particularly in the
pastoral lands. With the dissolution of the mosaic imposed by the
Aboriginals, fuel accumulation could be dramatic in periods of above
average rains. For example, reports of extensive fires in inland
Australia appeared after a wet period over much of inland Australia in
the 1920's (Griffin and Friedel, 1985). Similar events occurred in
inland Australia in the 1940's, 1950's and 1970's when fires often
exceeded 5000 km -2. The net result has been that some areas remain
unburnt for long periods and move toward late successional states of
vegetation while other areas are burnt too frequently and have a reduced
species diversity.

Small changes to this wildfire regime have occurred in very recent
times. The outstation movement in central Australia over the last
decade (Coombs et al., 1980) has returned increasing numbers of
Aboriginals to their homelands. On a regional scale however, the
country visited by Aboriginals is still small and mainly confined to
narrow bands along access roads and tracks. Although some country is
being burnt on these visits (Kimber, 1983) the impact generally is
insignificant and the wildfire regime is still the norm (Griffin and
Lendon, 1979).

Our Research
The aim of our current research program is to develop a fire
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intervention model and assessment system for the hummock grasslands of
central Australia. It will enable us to assess and monitor the state of
the hummock grasslands, determine when management is desirable and/or
possible and provide a decision mechanism for intervention. The stud`'
area is the southern region of the Northern Territory, south of 20
degrees latitude, bounded theOueensland, South Australia and West
Australia borders and covering approximately 700,000 km -2. We divided
the rc3rar, into five modules. The first module is mappin9 the fire
history of the ecosystem. The fire history map identifies the age,
location and size of each patch of the existing fire mosaic. The second
module is quantifying the recovery process of vegetation after a fire
and relating it to the driving force, rainfall. This involves ground
sampling f the vegetation for each age of the fire patches across the
regional rainfall gradients. The third module is relating the
fuel /maturity state of the vegetation, sampled on the ground, to the
reflectance characteristics of the patch measured by airborne
radiometers andandy satellites. This allows remote sensing of the
vegetation states over the entire. - region for purposes of annual
assessments with satellite imagery and the ability for real time
assessment of individual patches from light aircraft. The fourth module
is developing fire behaviour models for wildfire prediction and for
prescription burning. This is developed from experimental fires in a
range of vegetation states and weather conditions. The fifth module is
the development of the interactive system that integrates the model and
the data base. It will provide the manager with the ability to gain a
regional view of fuel states, patch states and vegetation dynamics and
an opportunity to make informed decisions about wildfire control and
prescription burning programs.

Results_ - Fire history
The first module has been completed. The fire history.map was created
from the interpretation of multi-temporal Landsat scenes and aerial
photographs. The data base consists of 36 1:250,000 topographic maps,
each with a mosaic of patches of known age and size. Over 5000 patches
have been mapped. These maps reveal that there are three fire regimes
operating in central Australia. The first, and most dominant, covers
the large areas of spinifex in the Western and Simpson Deserts beyond
the central pastoral district. This fire regime is characterized by
large uncontrolled wildfires. The second fire regime is operating in
the central pastoral district. Fires in this area are infrequent of
moderate size, and are actively fought when they do occur. The fire
size is limited by the surrounding areas of grazed: lands with lower fuel
loads and also by some grazing pressure within the spinifex communities
themselves. The third fire regime occupies the smallest areal extent
but is perhaps the most important. It is the areas of small frequent
fires surrounding many of the newly established Aboriginal outstations
and along the major routes of travel. The Aboriginals appear to be
recreating small pockets of the fire history mosaic which existed prior
to European settlement.

The fire mosaic created by these three fire regimes can be described in
relation to the rainfall gradient of the region. Rainfall, which is
recognised as a major driving force in the Australian arid ecosystems,
decreases from the northwest to the southeast of the study area. Figure
1 is a graph of the number of patches per 1:250,000 topo map against the
estimated average annual rainfall for the centre of each map. The solid
line describes a significant relationship between the number of patches
and rainfall for all 36 maps. The dashed line indicates that a more
significant correlation exists between patches and rainfall for the maps
with spinifex as the dominant plant community. This represents the more
natural state of the environment where cattle grazing is not having a
dampening effect. Our analysis also indicates that a negative
correlation exists between average rainfall and the mean age of the
patches on each map sheet. Higher rainfall in the northwest allows
shorter time periods between successive fires on any given patch than in
the lower rainfall areas of the southeast.

- Vegetation

The analysis of the vegetationdata from the second module provides
descriptions of changes to the vegetation community over time since a
fire. The data was collected with a wheelpoint and pocket computer in

order to quantify cover, composition and an index of the structure of
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the plant community. Figure 2 is a subset of our data representing the
Triodia basedowii communities south of Alice Springs. The dashed line
indicates the change of percent cover with time since burning. The
cover increases over time as the state of the plant community moves
toward maturity. If a fire does not occur and set the vegetation state
back to an initial level the percent cover on a site begins to decline
as the spinifex community becomes scenescert and the trees and shrubs
begin to dominate. This process is also illustrated by the solid litre
in figure 2. Following afire the number of species increases rapidl¡-
and reaches its maximum. As the spinifex slowly recovers it takes over
from the short lived (orbs and grasses of the initial flush, and the
number of species. on a site declines. With time the trees and shrubs
begin to increase and gradually the number of species present on a site
increases slightly.

The characteristics of the vegetation must be a part of the management
strategy of the region.,. Prior to any activity on a specific patch the
fire manager must, answer two questions: should it burn? and will it
burn? Should it burn identifies the state of the vegetation. Has the
community reached a state o4 maturity which will allow recovery
following a fire? Will it burn identities the state of the fuel. Is
there enough fuel on the ground to carry a fire under iven weather
conditions or, once lit, will it become an uncontrolled wildfire?

Application of the Research
The fire history map and the vegetation analysis are the first two
completed modules of our program to develop a fire intervention model
and assessment system. The final product will be designed to give the
fire manager rapid access to ,information concerning fire history,
vegetation regeneration and fire behavior in central Australia, with an
emphasis on the hummock grasslands. The regional assessment system will
annually update the fire history map and monitor the fuel states of the
region. The fire history mosaic represents a large data base for
studying the patch dynamics of the spinifex communities. The mosaic is
expected to change over time with variations in the annual rainfall and
with implementation of the .fire intervention model.

The fire intervention model will include an aircraft mounted radiometer
and portable computer designed to provide the fire manager with
additional information with which to make an expert decision. The
aircraft mounted system coupled with an aerial incendiary apparatus will
enable immediate action to be taken at any remote locality.

The whole system offers two approaches to intervention by the fire
manager. The first assists themanager to implement a strategy of timed
intervention using controlled patch -burns for hazard reduction and for
the enhancement of biological diversity. Areas of the fire mosaic with
high fuel loads and with a potential for extensive wildfires can be
broken up with cool winter fires. The second approach assists thethe
manager to select an appropriate suppression strategy for a wildfire.
The aircraft -borne radiometer will assess fuel loads in front of a
wildfire and, with the input of the current weather conditions, the fire
behaviour model will redict the rate of spread. Action can then be
taken at an appropriate topographic location within the fire history
mosaic.
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THE ROLE OF FIRE IN THE CONSERVATIVE MANAGEMENT OF MALLEE RANGELANDS

J.C. Noble

CSIRO Division of Wi l dl i fe and Rangelands Research,
Deni 1 i quip, N.S.W. 2710, Australia

Introduction

The possible advantages, and disadvantages, of rangeland fire have
already been discussed in general terms (e.g. Leigh and Noble 1981,

Hodgkinson et al. 1984). Likely advantages in fuel reduction, shrub
control and increased forage production may have to be offset against
possible disadvantages such as fire -stimulated germination of problem
shrub species, loss of useful timber or browse species, loss of herbage
and a decrease in soil surface stability. These, and other trade -offs
related to wildfire conservation, are highly relevant to any
consideration of prescribed fire in mallee, probably the most flammable
rangelands to be found (Noble 1984). This paper will consider certain
aspects of fire research conducted in the western mallee of New South
Wales since 1977, especially how fire can influence the development of
herbaceous communities. Finally the relative benefits, and disbenefits,
of post -fire herbage fluxes will be discussed_in terms of both pastoral
and conservation management.

Methods

A large -scale randomized block experiment (14 ha plots) was
established on 'Birdwood' Station, Pooncarie, in 1977 in mallee with a
Triodia irritans (porcupine grass) understorey. The aim of the
experiment was to examine the response, in terms of both herbage growth
and mallee and Triodia growth, to a single prescribed fire applied at

different times of the year (autumn, winter and spring). Frequency of
burning and its influence on mallee eucalypt regeneration was also
examined in a small -scale randomized block experiment (900 m2) using
artificial fuel. Treatments mainly consisted of autumn fire applied at
different frequencies (annually, every 2nd, 3rd and 4th autumn) and fire
applied annually in the spring.

Results and Discussion

In the first experiment, the spring -burnt (1977) and control
treatments only were sampled for herbage in 1978; the plots burnt in

autumn and winter of that year produced insignificant herbage despite
good rainfall. After 1978 there was no significant difference between
any of the fire treatments but all produced significantly higher herbage
yields than the controls. Accordingly, herbage yields from the spring
fire and control treatments only are shown in Table 1, together with
total annual rainfall, over the seven year period 1978 -1984.

Botanical composition determinations indicated that forbs were
dominant only in the first post -fire growing season providing adequate
rainfall was received. In this experiment, the dominant forbs were
toothed raspwort (Haloragis odontocarpa), bogan flea (Calotis hispidula)
and hairy -pod cress (Harmsiodoxa blennodioides). Thereafter speargrass
( Stipa variabilis) and to a lesser extent copperburrs (Sclerolaena
spp.), were the major component of the post -fire flora and in relative
terms, differed little in composition from the herbage growing on the
control.
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Table 1. Peak herbage yields (kg ha -1) from spring fire and unburnt
treatments in Triodia /mallee at `Birdwood', Pooncarie

1978 1979 1980 1981 1984 Total

Spring fire (October 1977) 721 823 413 85 240 2282

Control 77 238 133 23 136 607

Rainfall (mm) 410 313 325 250 321 1619

. (Median rainfall at Pooncarie is 245 mm)

In Triodia /mallee, herbage pulses after single fire events are
essentially transitory and after three years, there was no significant
difference between burnt and unburnt treatments. The dominant
perennials, viz. mallee Eucalyptus and Triodia irritans, regenerate at
the expense of herbs which cannot compete effectively for limited soil
resources. Cover measurements indicated a strong negative correlation
between combined mallee /Triodia cover and total herbage cover, 87% of
the variation in both variables over time being attributed to this

inverse relationship.
In open mallee communities where speargrass is the principal

understorey species on loam soils, multiple burning becomes an

increasingly important management option. In the second experiment at

Pooncarie, it rapidly became obvious that frequent autumn burning
imposed considerable pressure on mallee eucalypts. After three
consecutive autumn burns, more than 90% of the original mallee had died
whereas more than 80% was still alive after three consecutive spring
burns. Herbage sampling in the 1982 spring illustrated that despite
severe drought conditions, significantly more herbage was produced on
these autumn -burnt plots (154 kg ha -1) compared to minimal herbage
production on the unburnt controls (0.5 kg ha-1).

Conclusions

Where multiple autumn burning has been practiced on a commercial scale,
the increased forage and sheep productivity following a reduction in

mallee density has resulted in gross margins increasing from $2.31 per
hectare of unburnt mallee to $5.88 in burnt mallee. This has been
achieved at minimum ecological cost since the vulnerable mallee dune
sites are not amenable to such repeated burning and good surface cover
has been maintained.

Table 2 presents a summary of key ecological properties of mallee
ecosystems. Normally traditional rural ecosystems (i.e., unburnt mallee
in this case), have low productivity but high sustainability (Conway
1985). Normally with more intensive and modernized systems, increased
productivity is only achieved at the expense of a reduction in stability
and /or sustainability. It is suggested however that open mallee sites
that have received three autumn burns in ten years are not only more
productive but both these properties have not been impaired.

Furthermore these dune habitats also contain some of the most
diverse elements of mallee fauna, yet periodic fire appears to pose few
problems. Caughley (1985) found that four of the nine commonest reptile
species were more abundant in the most recently burnt sites, these being
burrowers that foraged in the open.
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Table 2. Putative emergent properties of burnt and
unburnt mallee ecosystems

System
Property Definition of Property

Productivity
per unit
area

Productivity
per man hour

Productivity
per unit
energy

Stability

Sustainability

Yield of economically useful product
per unit land per unit time,
e.g. kilograms of wool or forage per
hectare per year

Unburnt Burnt

low high

Yield of economically useful product low medium
per unit labor time,
e.g. kilograms of wool per hour of
management

Output of usable energy per input of medium medium
work energy, e.g. calorific value of
wool compared to calorific value of
human and machine labour inputs

Short -term homeostasis in face of
recurrent environmental stresses

Long -term adaptability of
environmental perturbations

medium medium

high high

Some invertebrates also appear to suffer minimal ill- effects

following episodic fire despite some initial decline in abundance. The

number of ant species doubled in recently burnt sites so that post -fire
communities contained more equitable groups of species (Andersen and Yen
1986).

There seems little doubt that many plant species, and presumably
some animal species such as mallee fowl whose diet depends on seeds of

some fire increasers like Acacia and Cassia spp., will require periodic
fire if viable populations are to be maintained in the mallee. To
disregard the long -term evolutionary influence of fire, and the

associated need to maintain appropriate fire regimes, would be to

imperil the long -term conservation of these unique ecosystems.
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RESTORATION OF SHRUB INVADED SEMI -ARID WOODLANDS BY FIRE.

K.C. Hodgkinson

CSIRO Division of Wildlife and Rangelands Research,
Deni 1 i quip, N.S.W. 2710, Australia

Introduction

The most shrub infested area of rangeland in Australia appears to
be the Cobar /Byrock Peneplain in western New South Wales. At the time
of pastoral settlement in the 1860's it was open `parkland'; scattered
trees and shrubs and a continuous perennial grassland. Today the
perennial grasses have all but disappeared and replaced by ephemeral
herbs. The endemic shrub density has greatly increased and the physio-
chemical properties of the surface of the `red earth' soils has been
deleterously altered.

The shift from grass to shrub dominance has substantially reduced
the profitability of pastoral enterprises by reducing animal carrying
capacity, increasing costs of stock management and reducing lambing
percentages (Harrington et al. 1984). Not only has the forage supply
been reduced but it fluctuates widely over time making it difficult to

breed and fatten sheep.
Shrub increase occurs episodically and it now appears that both

grazing and fire management have caused the problem; grazing has reduced
the competitive stress posed by grasses on shrub seedlings and

deliberate fire suppression has removed thé main lethal agent for the

shrubs. The shrub seedlings that periodically establish now grow
unchecked where wildfires once eliminated them (Hodgkinson and

Harrington 1985). Reintroduction of prescribed burning is recommended
as it is an effective and low cost procedure. However use of fire has
substantial implications for the pastoral industry in semi-arid
woodlands and it is problematic whether it will be widely accepted under
current management structures.

In this paper three questions are addressed. First, to what extent
can a single fire control shrubs? Second, is there a fire regime which
can enhance mortality of sprouting shrub species. Third, what are the
prospects for adopting prescribed burning as a management for shrub
control in severely shrub infested woodlands. Consideration of these
will be based on two experiments conducted on `Oakvale' a property near

Coolabah, N.S.W.

Experiments

Within a `typical' shrub invaded poplar box (Eucalyptus populnea)
woodland, 96 trees were selected and 15 x 21 m plots were located to

include a tree with its associated thicket of mainly Eremophila spp. and
an interthicket area dominated by Cassia eremophila and Dodonaea viscosa
at the other end. On various occassions two -thirds of the plots were
burnt after addition of wheat straw to supplement the normally low

quantity of natural fuel.
In Experiment 1 the basic treatments were, not burnt and burnt with

either 300 g.m2 or 800 g.m2 of straw. These treatments were repeated on
8 occasions (4 seasons x 2 years). Shrub mortality and seedling
recruitment were assessed. There were four replicates of each
treatment.

In Experiment 2, the plots burnt in spring or autumn and the

controls, were incorporated into a new design and were reburnt at either
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1, 2, 3, 4 or 5 yearly intervals in the two seasons. Here results
from the annual and biennial fires are considered for Eremophila
mi tchellii.

Effect of a single fire on shrubs

Established Shrubs
A summer fire (23 January 1979) using 300 g m-2 of straw to

supplement fuel, temporarally reduced the overall shrub density by 50%
(Table 1) and the aboveground shrub biomass by 100 %. Shrub mortality
varied amongst species, with the `sprouting' species being reduced by
about 20% and the `facultative sprouters' by about 60 %. Acacia aneura
suffered high mortality. The other major source of variation was shrub
size. Seedlings of all species died in the fire (Hodgkinson 1986).

Table 1. Prefire density and mortality of the major shrub species at the
CSIRO Oakvale site a year after a summer fire or no fire:

Fireline intensity ranged from 1100 to 2900 kW.m -1.

Species Prefire Density
(n.ha -1)

Mortality ( %)

Burnt Unburnt

Sprouters
Eremophila bowmanii 500 8 2

E. mi tchell i i 1500 21 2

E. sturt.ii 1430 15 2

Myoporum deserti 200 33 7

Facultative Sprouters
Cassia eremophi l a 4510 64 9

Dodonaea viscosa 1440 53 3

Geijera parvi f1 ora 300 67 1

Non Sprouters
Acacia aneura 1140 94 0

Mean shrub density and mortality 11020 50 5

Seedling' Recrui tmen t

The fire promoted germination of two of the hard seeded species, C.
eremophila and D. viscosa, and by August 1980 combined recruitment of
these species averaged 1700 seedlings ha -1 compared with 50 ha -1 on the
unburnt controls. Considering that further mortality would occur in

this cohort and that only 35% of the plot area contained seedlings, the
recruitment on this occassion was less than half the number of deaths of
the two species. Negligible numbers of the other species yielded
seedlings.

Influence of Fire Regime on Shrub Density

Opportunities for prescribed burning on the Peneplain are

infrequent (10 to 50 years) and depend on periods of above average
rainfall to grow sufficient grass (principally Stipa variabilis) to fuel
fires. Once dry, and if not grazed, the fuel will persist for 1 or

perhaps 2 years during which time it would be possible to burn in any
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season. A popular belief is that maximum shrub kill occurs with the

hottest fire which means burning in summer.
However the results of burning in all seasons (Figure 1) indicate

otherwise. For C. eremophila and E. sturtii (species representing the
two major groups), shrub mortality varied little from season to season.
In the autumn of 1978, fire mortality of E. sturtii (and E. mitchellii)
was doubled but this was not repeated for autumn fires the following
year. The low mortality of C. eremophila in spring fires of 1977 was
unexplainably low.

Raising the straw level to 800 g.m-2 (an exceptional fuel level for
these woodlands) also failed to enhance shrub mortality. Overall this
data suggests that fires at any time of the year and with any fuel load

will be equally effective in reducing shrub density. However since fuel
is often patchy in distribution, burning when the temperatures and
windspeed are high and the humidity low, will maximise the burnout and
the top -kill of the tall shrubs capable of sometimes sprouting along
stems (E. mi tchellii and E. sturtii) .

Mortality(%)

100_

80

60

.40

20

0

Fuel Level

- 300g.m 2

800m 2g.

Cassia eremophila

Eremophila sturtii

I . 1

S' S A W S S A W
1977 1979

Season of Fire

Fig. 1. Mortality of
two shrub species
after a single fire.
Fires were lit on 8

occassions over a 2

year period and using
two levels of straw
to supplement natural
fuel.

In contrast to the relatively constant mortalities of the shrub
species after fires in different seasons and at different intensities,
there was high variability in the level of recruitment of hard seeded
species (overall range 250 -16,000 ha -1). The higher the fire intensity
the higher generally was the recruitment but post -burn rainfall patterns
were quite influential.

The effect of fire regime was further explored in Experiment 2 by

examining the interactive influence of season and frequency of fire.

For E. mitchellii and other sprouting species, two autumn fires one year
apart killed 79% of the population whereas annual spring fires and

biennial fires in either season only doubled the mortality from one

fire. This synergistic effect of annual autumn fires is of biological
interest but unlikely to be useful in management as the chance of fuel
replacement in one year from ephemeral based pastures would be
exceedingly low.
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Table 2. Mortality ( %) of Erewophila mitchellii after two fires in
either the spring or autumn and one or two vears ava t .

Spring Fires Autumn Fires

Annual 31 79
Biennial 24 37

Prospects for adopting prescribed burning for shrub control on the
Peneplain

From these and other studies it is apparent that prescribed burning
can successfully reduce the density and above ground biomass of shrubs,
with the degree of reduction being related to proportion of sprouting
species and the level of recruitment of hard seeded species. Where
sprouting species dominate, repeated burning whenever possible would be
required to maintain control. Such a prospect would have little

acceptance under current management structures even though long term
benefits for animal production are apparent (Hodgkinson et al. 1984).

Economic 'pressures brought about by diminishing carrying capacity
of the land because of shrub increase, debt repayment and increasing
costs have forced overgrazing. The cutting of mulga to keep sheep alive
during droughts has exasperated the problem by maintaining high grazing
pressures during and going out of drought periods. Perennial grasses do
not have a chance to re- establish and the shrub density continues to

increase in the absence of fire which would, if used, control the
massive episodic increases in shrubs. There appears to be no respite
from shrub increase under current management.

To restore this country to somewhere near its former productivity,
major restructuring of the present management systems would be required.
Stocking rates would need to be greatly reduced to husband the return of
grasses, especially during droughts, and fires would need to be lit

whenever sufficient fuel accumulates. Property size would need to be
increased by amalgamation to provide the flexibility required.

Adjustment on this scale is unlikely to succeed without Government
involvement, but with continuation of current management without
prescribed use of fire, pastoralists face continued decline in animal
productivity as the shrub problem worsens. There is no easy solution.
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INTRODUCTION

The use of fire for woody weed management in the semi -arid
rangelands of North West New South Wales has been advocated
(Hodgkinson et al. 1984), however graziers have been slow to adapt
fire as an essential management strategy to ensure long term
productivity.

This reluctance, on the part of graziers, to recognize the role of
fire is of concern to both research and advisory officers working in the
rangelands. Woody weed encroachment is proceeding at an alarming rate.
In the northern third of the Western Division of N.S W the area
infested by moderate to dense stands of shrubs is approximately
56,287 sq km. Shrub infestation is expected to affect afurther
27,525 sq km. (Fogarty and Markwick, 1984).

It is considered essential to aquaint graziers with the benefits
of prescribed burning to arrest or prevent productivity decline.

GRAZIER RELUCTANCE

We consider there are three reasons why graziers have been slow to
adopt prescribed burning, and these occur in the areas of

: AWARENESS
: ATTITUDE
: ACTION

AWARENESS - includes problems of information transfere in an
isolated environment where even the most basic communication technology
cannot be taken for granted. Added to this is the natural resistance
to change that comes from living in an isolated area. This is especially
true of long time residents. A further problem is the need to educate
Senior Public Administrators to the nature of the problem and the need
for action.

ATTITUDE - before considering the place of fire in rangeland
management it is firstly necessary for a grazier to accept the need for
rangeland management and secondly accept that problems may or may not
be occuring. This is often the most difficult= aspect for an advisory
officer to achieve. In relation to prescribed burning it appears that
many graziers have difficulty in distinguishing the difference between
a prescribed burn and a wildfire. This may be due to past experience
with fire (usually wildfire) and the natural fear that people of European
descent have for fire. A major attitudinal problem is that we are
dealing with a client group who are used to working in a plant community
management system of low inputs, the possibility of having to actively
intervene is foreign to many graziers.
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ACTION -many graziers have difficulty in determining how best to
incorporate prescribed burning into their management system. This can
be as simple as how to get the necessary expertise to plan and implement
the burn or how to obtain help on the burn day, through to the FEED OR
FUEL dilemma often faced by graziers. The latter may be the symptom of
the breakdown of the plant community system as graziers have an
increasing perception of the occurrence of drought conditions.

OVERCOMMING RELUCTANCE

The first step in overcomming the reluctance of graziers to
prescribed burning is to ensure that a large effort is put into
increasing the awareness of not only fire but also, the need for sound
rangeland management and the ramifications of productivity decline due
to shrub encroachment. This is best explained in terms of reduced
carrying capacity, increased operating costs, and subsequent reduced
income. The role of "seasonal masks" should not be overlooked.

It is not easy to change graziers perceptions of wildfire v's
prescribed fire but by becoming actively involved with the burns it was
felt that we would be seen as having confidence in the technology being
advocated. By treating every burn as a demonstration and involving both
the grazier and his neighbours in every aspect of the planning and
implementation of the burn, grazier awareness of and confidence in fire
was increased.

THE ADVISORY PROGRAMME 1984/85

Following an extensive publicity campaign over a two year period and
also targeting graziers who, it was felt, would be seen by their peers as
progressive managers, 15 graziers requested assistance in designing
prescribed burns for heavily shrubbed paddocks. As a result of the
implementation of this project a further 34 graziers have requested
assistance with burning.

Each paddock to be burnt was visited in company with the grazier and
also often with his neighbours, and plans for the prescribed burn were
discussed and finalised. These plans included firebreaking and an
assurance that the required personell and equipment would be available.
The paddock visits also presented an ideal opportunity to discuss the
plant community in his paddock and the factors determining it.

On the chosen burning day the grazier was the fire boss, who
prepared the plans, checked the equipment, briefed the personell and
directed operations during the fire. He was assisted in all these
operations by an experienced fire boss, who sat in the command vehicle
to give assistance if required.

The efficacy of the burn was measured in terms of the number of
shrubs killed and the available pasture after the fire. This was
assessed by measurements made on matched burnt and unburnt areas close
together and separated by a firebreak. Fuel loads were measured by
corrected estimation of weight of each species in the pasture. 20 -40

shrubs in each species age -group (cohort) present were individually
tagged on each plot, prior to the burn and their height was recorded.
After the burn three monthly checks on shrub survival and pasture
regrowth were undertaken. The grazier was involved in the vegetation
assessments so that a quantified appreciation the impact of the fire was
gained. Ultimately only 6 of the 1.5 paddocks which were cencused for
shrubs during the 1984 season were actually burnt during 1984.
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RESULTS

ADULT SHRUBS - The summary of shrub mortality (Table 1.) demonstrates
that during the dry summer of 1984/85 few established shrubs died on the
controls from drought or other causes, except at Nil Desporandum. It is

not certain whether the 47% mortality of unburnt shrubs at this site was
due to the extremely dry conditions experienced and /or the fact that these
bushes were previously burnt in 1979.

mortdity
On burnt areas significant shrub occurred with all species except

Poplar box less than 1m. high.

Narrow leaf hopbush was the most susceptible with a mortality rate
around 90 %. There was no difference apparent between the areas burnt
in the summer and the area'burnt in the winter, nor the area burnt for
the second time in 7 years.

Broad leaf hopbush had a lower mortality rate than Narrow leaf
hopbush, but this may have been due to site factors and cannot be taken
as species characteristics.

Punty bush mortality was spatially patchy. An area known to have
received a backburn is compared to an area burnt at high fire intensity.
These results suggest that high intensity fires will increase punty
bush mortality but this did not appear to account for all the observed'
variability in response to fire.

Turpentine and Budda are both known to be fire tolerant. The 24 -38%

mortalities recorded here are at the upper end of the recorded response
range (Hodgkinson and Harrington, 1985); and were probably magnified by
the very dry conditions at the time of burning.

Mulga proved more tolerant of fire than had been expected. Even

plants less than 2m. tall only showed a 65% death rate.

SEEDLING SHRUBS - Large numbers of Narrow leaf hopbush seedlings
were recorded and burning caused 100% mortality. However such seedlings
have a low survival probability due to lack of water in summer, and 89%
of the unburnt seedlings had succumbed by February 1986.

Budda is a slow growing species under some conditions and the plants
marked at less than 30cm tall may not have been seedlings. None of the
63 unburnt "seedlings" succumbed to lack of moisture. However 60% of the
46 burnt "seedlings" of budda succumbed. This, compared with 38%
mortality of the taller plants.

CONCLUSIONS

If the reasons for, the benefits of, and the ramifications of
disregarding the role of fire for rangeland management are explained to
graziers, they will implement the technology. These data demonstrate
that fire can be used on a practical scale to reduce shrub populations.
Fire is particular -y useful for areas infested with young Cypress pine
or Narrow leaf hopbush.

Frequently the visual impression after fire is one of resprouting
shrubs leading to the conclusion that fire is not effective. This was

so on some of the paddocks burnt on this study.
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Objective data collection, such as those presented here, demonstrates
a high mortality ofall shrub species, particularly of the younger
plants. Such young plants are not visually obvious, and their
disappearance goes unremarked, but they represent the increased shrub
biomass ofthe future.
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TABLE : 1 SUMMARY OF RESULTS OF PRESCRIBED BURNING OF ADULT SHRUBS

SPECIES PROPERTY BURNT CONTROL

PORTALITY (n) MORTALITY (n)

%

Panty Bush Janina (Backbure) 48 (193)

(Headfire) 85 (121) 8 (96)

Cooneybar 73 (66) 6 (94)

Turpentine Mt. Mulya/Conlea 24 (21) 0 (225)

Janina 30 (80) 0 (77)

Budda Cooneybar/Buckeroo 38 (202) 0 (148)

Cypress Pine Buckeroo 100 (43) 0 (41)

Poplar Box Buckeroo 2 (40) 0 (50)

Mulga Cooneybar 60 (82) 0 (55)

Broad Leaf

Hopbush Cocneybar 72 (42) 2 (83)

Narrow Leaf

Hopbush Conlea/Mt. Mulya 91 (678) 9 (590)

Nil Desperandum (grid 89 (628) 47 (516)

burn)

Contea (winter burn) 91 (206)
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SHRUBKIL - a fire managment expert systems model

for the control of woody weeds in semi -arid rangelands

John A. Ludwig,
Graham N. Harrington,
Ken C. Hodgkinson,

and
Graeme Miles

CSIRO Rangelands Research Centre,
Deniliquin, New South Wales, 2710

ABSTRACT

The use of fire to improve the productive potential of

rangelands by controlling dense woody weeds appears to be an

economically viable managment option for property managers in the

semi -arid woodlands of New South Wales and Queensland.

Management decisions about whether or not to burn (and if yes,

when and how to burn) involve answering many , difficult questions,

which can often be aided by the advice of experts. However, the

advice of experts is often not readily accessible. SHRUBKIL is

an expert systems model that has captured the knowledge of fire -

experts in an easy to use microcomputer program which provides

conversational -type advice on the prescribed burning of semi -arid

woodlands.

INTRODUCTION

Computer models designed to assist decision -makers by

capturing and applying the knowledge of human experts are within

a class of models known as "expert systems ", which have been

developed by artificial intelligence (AI) researchers (Hayes-
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Roth, et al. 1983). Such expert system models have proven very

useful in the fields of medicine, chemistry, geology and computer

design, but few research efforts have applied them to problems of

resource management, although they seem ideally suited to such

applications (Davis & Nanninga, 1985; Walker et al., 1985). The

problem of the fire management of "woody weeds" in the semi -arid

woodlands of Australia is well suited to the "expert systems"

modelling approach, because property managers are faced with

difficult decisions concerning woody weeds and expert advise on

the use of fire as a management tool is available but not always

easily accessible.

Within the general approach of "decision analysis

modelling ", expert system modelling is a formalized, specialized

methodology, where the general aim of all such decision models is

to indicate to a manager the potential or predicted outcomes of

different management options or strategies (Norton & Walker

1985). Our approach will be to apply both the formalized

techniques of expert systems and the more general technique of

decision tree analysis or modelling.

The aim of this study is to build "decision models" that

will provide advise to the graziers making management decisions

within semi -arid woodlands.

STUDY AREA

The ecosystem around which modelling activities will focus

is a mulga woodland located north of the Darling River, about 75

km west of Bourke and 35 km north of Louth, N.S.W. It occurs

along the "Lake Mere" property boundary with "Glenora ".
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METHODS

Stage one of this project is the fire management decision

modelling, which will require the "expert" input of Harrington

and Hodgkinson on the use of precribed burning to manage "woody

weed" in semi -arid woodlands. This Stage will include the micro -

economic (property -scale) component, which will require coopera-

tive input from Neil MacLeod. Stage Two will be the addition of

the livestock and wildlife grazing component to the fire manage-

ment decision models, which will require cooperative input from

Wilson. At all stages of this project, testing and evaluation of

the models will require the cooperation of various researchers

with the NSW Dept. Agric., S.C.S., and Western Lands Commision.

For the technical developments on the "Expert Systems Shell

Programme" being used for the management decision modelling, we

will require the continued collaborative input from the modellers

in the Division of Water and Land Resources, particularily

Richard Davis and Paul Nanninga.

RESULTS AND DISCUSSION

Stage One of the Management Decision Modelling is completed

and is sufficiently robust to provide "expert advise" to graziers

on the ecologic and economic impacts of different property

management decisions. In addition to a "SHRUBKIL model guide"

that is being published as a companion to the computer model, one

or more scientific publications will be written from this

modelling activity.

Stage Two of the Management Decision Modelling could begin

in early 1987, and could take up to two years to complete to a
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satfisfactory "advisory" level. Again, in addition to the "Semi-

arid Woodland property management model guide" that would be

published as a companion to the computer model, one or more

scientific publications will be derived from this modelling

effort.

Stage Three of the Management Decision Modelling would not

begin until the successes and failures of stages one and two

could be evaluated.
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POWER FENCING FOR THE CONTAINMENT AND CONTROL OF

DOMESTIC LIVESTOCK, FERAL AND NATIVE ANIMALS

John W. Colless
Fencing Consultant
Gallagher R.S.M. Pty. Ltd.
P.O. Box 122, Rydalmere. NSW 2116

The use of Power Fencing for the containment and control
of many species of domestic livestock, feral and native
animals has been well documented by research and advisory
workers and widely utilised by graziers and public bodies
in Australia over the past decade.

SPECIES CONTROLLED

The spectrum of species successfully managed in Australia's
rangelands include cattle, sheep, horses, goats, pigs,
donkeys, deer, buffalo, wild dogs (dingoes), kangaroo,
emu, wombat, camel, rabbit, hare, fox etc.

POWER FENCE DESIGN AND MATERIALS

Specific designs have been developed and modified in
Australia and overseas by graziers, research and advisory
bodies, consultants and Gallagher field staff for the
containment of animals.

The critical areas in design are energiser selection;
wire spacing; gauge and tension; post and /or dropper
spacing and insulators at strainer posts and on line posts.

Energiser The basis of an efficient power fencing system
is a high powered energiser. Energisers are available for
use with 240 volt main power, battery or solar power.

Species to be controlled, length of fence and vegetation
challenge will dictate the size of the energiser required.

Wire Tension for domestic livestock is 90 kilonewtons
(2001bs) while feral or wild animal fences require a strain
of 180 kilonewtons (4001bs).

Type /Gauge 2.5MM (122 gauge) medium or high tensile wire
is widely used for power fencing for powered and return
earth wires.

Aluminium coated wire ( "XL Wire ") has been developed for
power fencing where long lead outs are necessary or for
areas subject to high corrosion e.g. salt etc.
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Spacing Wire spacings to take account of the animals
size, site of pressure /broaching of the fence and mode
of travel (over, under or through) the fence have
been developed and proven under practical conditions.

DOMESTIC LIVESTOCK

lnsultimber fence wire spacings, to suit multiple requirements.
Measurements are in millimetres and inches.

Cattle
only

Cattle
Calves

Pigs
only

SFieeep ánd Sheep and
Cattle Cattle

MI

430
17 i .

305
12 "

+

230

255
10"

200
8"

470
18"

305
12' 185

7 "

290
1 1

185
7" 140

5.5"

150
6"

150

,w. An.,,,A_. JA,

940mm (37 ") Droppers

Boundary
fence

230 230
9"

200 200
8" 8"

185 185
7"

+
140 140

5.5" 5.5"
+

150
6"

100
4"
+
100
4"

100
4"

1090mm (43 ") Droppers

Insultimber has pre- drilled holes in all posts and droppers. Posts are pointed. In some cases 150mm
6 ") from ground level to the bottom earth return wire is too high for goats, sheep, kangaroos,

dogs and some feral animals. If so cut 50mm (2 ") from base of droppers and drive line posts in a
further 50mm (2 "). (Refer 13).

FERAL AND NATIVE ANIMALS
(WILD DOGS, WOMBATS, KANGAROOS)

Free Standing Fence

r-+
230mm (9")

+ I

200mm (8")
I

185mm (7")
+

4 i i

140mm (51/2")
r I i4")

+
I l0mm (4") '- 4

t

tia --i......-A01r..l..i ....A.--.A......-.14-1A 1.--.01 - !

20m-

LA _ .-...c-, ..,w_.ti._v-....- 5omm (244):,1...k.........-4

.
.,

7 Wire Freestanding Fence
This fence (above) has been proved
most effective against wild dogs,
wombats and will give a high level of
control against kangaroos. The top
wire should be positive (NOT earthed)
to save shorts with 'rocs twisting the 2
top wires together.

Materials:
1520mm x 38mm x 38mm
Insultimber posts spaced to maintain
bottom wire to ground clearance.
Approximately 50 uprights and 50,
1090mm x 38mm x 25mm droppers
required /km.
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Posts and Droppers Posts and droppers suitable for power
fencing include:-

- Treated pine, hardwood or steel posts with
porcelain wypolypropylene insulators
Insultimbe ironbark with predrilled holes to
suit the range of animals to be controlled.

- Fibreglass with preformed clips.

Spacing Topography and species to be controlled
dictate spacings. e.g. flat land with domestic animals
- posts at 40M centres with 3 droppers at 10M apart.

In the case of hilly country with wild animals the
spacings could come back to 7 metres.

Insulators Insulators are necessary on strainer posts
and steel or timber line posts for the powered wires.
Earth return wires do not need insulating.

Insulators are available in porcelain or polypropylene
with porcelain the preferred material due to long life and
fire resistance.

Accessories Manufacturers offer a range of accessories
to complement power fence systems.

Cut out switches enable a section of fence to be shut down
for repair or for fault finding.

Lightning diverters protect the energiser from lightning
strike. Diverters are installed on the top of powered wire.

Flood gate controllers allow the fencing of flood prone
country. The fence shuts down as water rises over wire.

BENEFITS FROM POWER FENCING

Efficiency Well designed and constructed permanent and
temporary power fences are highly effective in keeping
domestic livestock in selected areas.

Predators such as wild dogs, feral pigs, dogs, foxes etc.
can be fenced out, overcoming stock losses e.g. wild dog
fences in South Australia (S.A. Dog Fence Board) and other
areas.

Kangaroos, wallabies, feral goats, feral pigs, camel,
buffalo can be fenced out of range pasture and crop lands
allowing for better management.

Economy Due to the lighter construction of power fencing
significant economies are possible.

Economies include materials used, labour required to erect
the fence and ongoing maintenance.
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The materials used in power fencing as compared to
conventional fencing can reflect economies of 50% and
more in cost.

Power fencing is relatively light in construction and is
effective due to the fact that it is a psychological
barrier to the animal.

Once an animal, domestic or wild, has had exposure to the
power fence, they learn quickly to respect it.

MANAGEMENT OF RANGELANDS

Power fencing offers the pastoralist, the environmentalist,
National Parks (State and Federal), Wild Dog control
authorities, research and extension workers etc. flexibility
with temporary, semi permanent and permanent systems.

Some successful applications in Australia include:-

- Wild Dog fencing in all mainland states
- Kangaroo control
- Camel control in Northern Territory
- Wallaby control in Tasmania
- Feral goats in Western NSW for hop bush control etc.
- Feral pig control in sugarcane and horticultural

areas in Queensland
- Water Buffalo control under T.B. programme in

Northern Territory
- Domestic livestock control

CONCLUSION

Power Fencing systems offer an economical, highly
effective management tool for the multiple use of
rangelands including recreation, wildlife preservation
and livestock production.



150

COMPLETE DESTOCKING WILL NOT RECLAIM SOME AUSTRALIAN RANGELANDS

by R.G. Silcock *, I.F. Beale+ and other Charleville Pastoral Lab staff

* Queensland Department of Primary Industries,
PO Box 102, Toowoomba, Queensland. 4350

+ Queensland Department of Primary Industries,
PO Box 282, Charleville, Queensland. 4470

Examples abound of degraded rangelands around the world that have
been adequately rehabilitated quite quickly simply by excluding grazing
animals (Le Houerou 1976 in North Africa; Foran et al. 1985 in N.T.)
However, there are others where improvements have come much more slowly
(Crisp 1978).

In some instances, it has been difficult to separate the effects of
poor seasonal conditions from excessive stocking pressure. Such was the
dilemma of the first pasture researchers in south west Queensland, so
exclosures were erected on a variety of apparently degraded country to
sort out this interaction.

Materials and methods

Dog netting exclosures with two top and one bottom barbed wire were
erected between 1964 and 1966 on seventeen sites which local graziers
regarded as being degraded. The sites and their important features are
listed in Table 1. Financial constraints restricted the size of the
exclosures to only 40 yd x 10 yd. Any living vegetation within a band
4 links wide up the centre of the exclosure and for 22 yds beyond at one
end was recorded. Counts and identifications were made in 2 x 2 link
subquadrats within the recording band. Each exclosure has been recorded
between three and six times up to the present, with most sites being done
at least in 1967, 1973 and 1982. Photographs were taken at each
recording time from 1973 onwards and the soils were sampled once at each
site for pH, available P and some other parameters.

Results

All results to date have been collated and the species grouped into
seven categories - woody plants, perennial grasses, perennial herbs,
annual grasses, annual herbs, sedges and ferns and unidentifiable plants.
Subquadrats (2 x 2 links) that were completely devoid of plants were also
totalled for each sampling time. Vegetation recorded inside and outside
the exclosure was totalled separately. These summaries have been
presented in a final report to the Australian Wool Corporation (QDPI
1985) and details for each sampling date are held at the Charleville
Pastoral Laboratory and QDPI Head Office in Brisbane. The important
results are as follows:

1. Exclusion of grazing animals has had a negligible effect on the
botanical composition of strongly perennial species at most sites.
The exception is the mitchell grass country at Stirling Downs,
where mitchell grasses (Astrebla spp) have almost died out in the
absence of grazing and fire. There are indications also, that mulga
mitchell (Thyridolepis mitchelliana) benefits from light use at
some sites.
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2. Grazing animals did reduce the size and abundance of some of the
more ephemeral perennial species such as Queensland bluegrass
(DiehanIIi iü,, ser'iccum) and kangaroo grass (Tltcmoda at4s1ralis).

3. Mulga (Acacia aneura) and kangaroo grass regenerate quite rapidly
when stock are excluded, the latter only after a good summer season.

4. Perennial grasses have not been able to recolonise scalded claypans
even after twenty years exclosure, except where drifting sand is held
by the fencing or fallen timber.

5. Exclosure has no effect on the density of white speargrass
(Aristida leptopoda) and feathertop (A. latifolia) . The former
has very long -lived plants and the latter dies out in droughts.

6. Seasonal conditions caused far greater fluctuations in plant density
than normal grazing management. Fluctuations were most extreme on
scalded soils and claypans.

7. Grazing management did influence plant density and species compo-
sition, but not in any consistent way at most sites. The impact of
a favourable recruitment year for a particular perennial species was
often evident for over ten years, e.g., Amphipogon caricinus
(greybeard grass) at Wongalee Farm.

8. Wildfires can have a dramatic and sometimes valuable effect on
botanical composition. Young mulga was almost wiped out at Middleton
in 1978. At Maxvale, Charleville turkey bush (Eremophila gilesii)
was killed and mulga mitchell largely replaced it after a fire in
the mid- 1970's.

9. Termites can be very active in removing standing dry grass and
producing bare, compacted surface soil. At Wittenburra, the manager
believes only a few weeks were needed to completely remove a good
stand of dry grass that we would estimate amounted to about 40 gm-2
within the exclosure. At Lesdale, a huge termite mound over 2 m
across, now occupies one end of the exclosure and will probably
remain a bare spot for many decades after the colony dies.

10. Many species are very site specific. Of the 210 species identified,
97 occurred at only one site and only one quarter were found at more
than two sites. Of those found at over five sites, only 20 were
perennial species.

Discussion

No evaluation of the relevance of this data would be complete if
the role of rabbits was not clarified. They would be almost completely
absent from the mitchell grass soils (sites 9 and 10) and the spinif ex
site (16). They could certainly have had a significant impact at sites
5, 6, 12 and 13, although the netting fence would have been a deterrent
except during dry seasons. At all other sites, their effect on botanical
composition would probably have been as minimal as that of the kangaroos.
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The results highlight the difficulty in recolonising soils which
have a smooth, massive surface, be they clay or sandy loam. Where
transported soil and litter can be caught and held permanently, the new
friable soil does allow seed to catch and perennial plants to establish.
Only species with special seed characteristics, such as burial -
enhancing awns or spines or mucilaginous coatings, can cling to scalded
soil adequately enough to allow seedlings to take root. The self
mulching clays do not pose these problems for recolonisation after a
drought or overgrazing, which contributes greatly to their stability
under current management.

It is clear that no systematic pattern of vegetation modification
occurs across all soil types when grazing animals are removed. Scalded
soils need severe surface disturbance or a significant cover of loose
soil before recolonisation by perennial grasses occurs. A deep mat of
litter and burrs such as at site 11 does not allow these grasses (apart
from S porobolus actinocladus) to establish in semi -arid Queensland.
Hence, success of a technique in other parts of Australia, for example,
Foran et al. (1985), cannot automatically be assumed elsewhere.

One benefit of this research, has been the training of new officers
in the recognition of native species in various states of grazing or
senescence. Recording the sites forces future rangeland managers and
advisers to learn to recognise many species which would otherwise be
overlooked. More experienced staff also benefit from the refresher
course and often find themselves pondering over some apparently
inexplicable situation that the exclosure had produced at that point in
time.
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Introduction:

Most of the pasture research in the temperate areas of Australia has
concentrated on the replacement of native and naturalised species
(Whalley 1970). Despite these efforts, natural pastures are still the
dominant pasture type in New South Wales, covering an area of over 60
million ha (Southwood, 1972). Even in the higher rainfall. Slopes and
Tablelands environments, natural pastures predominate. For example,
approximately 71% of the 5.4 million ha of rural holdings on the
northern Slopes and Tablelands are comprised of native and natural
pastures (Lodge et al 1984), which, when undeveloped, carry less than
2.0 dry sheep equivalents (DSE) per ha. In these environments, con-
ditions for pasture growth are favourable, fertilizer is used over
some 40% of the total pasture area, and large areas of sown pasture
occur on the Tablelands. Despite these developments, carrying
capacities are alarmingly low, averaging only 3.0 DSE per hectare.

The low carrying capacity of the natural pastures results from the
dominance of summer -growing, frost susceptible native perennial
grasses. These grasses provide little green forage in winter and
early spring, leading to an energy drought, with pastures low in
protein and digestibility(Lodge and Roberts, 1979). Consequently,
stocking rates and returns from these pastures are low. Low
availability of winter green forage can also reduce wool fibre
diameter (Roe et al 1959), increasing the risk of wool tenderness.

Yearlong green native perennial grasses such as species of Danthonia,
Agropyron and Microlaena occur less frequently on the northern Slopes
and Tablelands (Robinson and Dowling 1976; Williams 1979) than the
summer growing grasses. However, they are among the more highly
regarded native species (Lodge et al 1984). All of these grasses
provide green forage in winter and spring that is both high in

digestibility and protein content. Additionally they are responsive
to fertilizer and persist at high stocking rates. Many other native
grasses are poorly adapted to intensive grazing (Whalley 1980).

However the advent of domestic livestock has intensively selected for
those species which are able to withstand grazing. Within some
species this selection pressure has led to the development of
prostrate, leafy genotypes which are ideal pasture plants (Scott and
Whalley, 1984).

Most natural pastures occur in hilly, sloping terrain which is not
suitable for cultivation and conventional seed -bed preparation. Hence
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the only means of improving a substantial proportion of the natural

grasslands is by aerial agriculture (superphosphate, herbicide and
oversowing), grazing management and fire.

The need for a Domestication program:

Rapid increases in the costs associated with the establishment and
maintenance of sown pastures (fuel, fertiliser, herbicide, etc.) and
the lack of persistence of some species in the droughts of the early
1980s has rekindled a growing interest by graziers in the management
and increased productivity of a major resource on most properties -
their natural pastures. Native grasses are adapted to the envir-
onment. They have evolved under harsh conditions of periodic drought
and inherent low soil fertility. As such, they coúld have less re-
establishment and lower maintenance costs than pastures based on more
traditional grass species. In recent droughts, the adaptability of
the native perennial grasses to harsh conditions has proved valuable
to graziers. Overseas the abundance of native ecotypes has been
substantially increased by the sowing of domesticated species
(Vallentine 1971). In the U.S.A. twenty -four Plant Material Centres

have been established (Heizer 1983) to provide for the commercial
increase of native and introduced plants. New cultivars that have
been developed from local native ecotype collections include species
from the genera Poe (bluegrass), Andropogon (bluestem), Buchloe
(buffalo grass), Sporoholus, Festuca, Bouteloua ( grama), Agropyron
(wheatgrass), and Elymus (wild rye).

However the domestication of valuable native grasses is a relatively
new concept for Australian range scientists and seeds of valuable
native grasses are not widely available in commercial quantities. To

enable these grasses to be sown, they first require a process of
selection, evaluation and breeding. All species that are commercially
available for sowing (e.g. lucerne, phalaris) have at some stage been
domesticated from native wild types. The need for productive grasses
adapted to the wide climatic fluctuations that characterize so many of
Australian environments was highlighted by Whalley (1984). He emphas-
ized that, not only was there a critical need for such grasses for
existing natural pastures, but also for lands that have been
continuously cropped.

Agronomy, Taxonomy and Cytology

Initial observations of collections of Danthonia linikii, D. racemosa,
A. scabrum and M. stipoides plants from the northern Slopes and
Tablelands indicated that there is a higher degree of diversity within
species and in some species a number of ploidy levels exist. For

example, Danthonia Iinkii and its variety fulva has ploidy levels of
2n = 24, 48 and 72. In fact for Australian native grasses, most is
known about the agronomy, taxonomy and cytology of the species of
Danthonia. As early as 1923 it was reported (Breakwell 1923) that it
was a genus with commercial possibilities and was the subject of a
selection and evaluation study reported by Cashmore (1932). Taxonom-
ically it was reviewed by Vickery (1956). Studies of Danthonia
cytology and breeding were conducted by Abele (1959) and Brock and
Brown (1962). Each of these excellent studies provide a sound basis
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for a program of domestication. However, these programs never
eventuated, probably because of the impetus for research into the use
of superphosphate, introduced grasses and legumes.

Australian Danthonias all behave as functional diploids, and all with
the exception of D. frigidia are polyploids on the basic number x = 6.
Danthonias are predominantly self -fertilizing and so Brock and Brown
(1962) recommended that breeding programs be based on chromosome
doubling of fully fertile F1 alloploids or crosses from intraspecific
lines. Both sexual and apomictic forms of Agropyron occur and the
species is hexaploid (2n = 42) with a basic number x = 6. Little is
known of the cytology or breeding systems for Microlaena.

Outline of Studies

Harlan (1960) indicated that two factors essential for the success of
a domestication program were seed production and seedling vigour.
However, all of the species under consideration are almost certainly
polyploids and cytogenetically complex. Seed production, seedling
establishment, herbage production, drought resistance, etc. are all
quantitative characters not understood genetically and all difficult
to evaluate.

Funds have recently been provided by the Australian Wool Research
Trust Fund to conduct a program of evaluation and selection for the
genera Danthonia, Agropyron and Microlaena, on the northern Slopes and
Tablelands of New South Wales. This program will involve:

(i) the collection and growing out of a range of plants within
each species to assess the amount of genetic variability;

(ii) the selection of agronomically superior plants (e.g.

individuals with high green leaf content in winter) and
individuals with flowering and seed production charact-
eristics amenable to commercial seed production (e.g. seed
retention, high seed yield);

(iii) an investigation of the breeding systems of the different
grasses and an assessment of their suitability for further
breeding, and if necessary;

(iv) further evaluation and selection and /or breeding to produce
new cultivars.

Such programs are time consuming and require a high degree of famil-
iarisation with the material being collected and evaluated. For these
reasons, individual researchers at the different locations will init-
ially be responsible for the collection and preliminary assessment of
grasses from the different genera as follows;

Location Environment Main Species
Tamworth Slopes Danthonia linkii
Armidale Tablelands Microlaena stipoides
Glen Innes Tablelands Agropyron scahrum,

Danthonia racemosa
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Conclusions:

While the concept of domestication is new to Australian native

grasses, native plant domestication schemes have been successfully
conducted in many overseas countries. For example Vallentine (1971)
listed 82 species of forage plants commonly seeded in range and per-
ennial pastures in the U.S.A., of which 45% were native ecotypes.
Temperate Australian native grasses have as yet not been domesticated.
This and similar projects should aim to develop this as yet unused
genetic resource for the conservation and improved production of

Australia's rangelands.
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SEED PRODUCTION IN DANTHONIA A PROGRESS REPORT

M.S. Lodder and R.H. Groves

CSIRO Division of Plant Industry, GPO Box 1600, Canberra ACT 2601

Over SO years ago, Cashmore (1932) wrote of the genus Danthonia,
the wallaby grasses, in the following way :

"Their persistence and ability to stand feeding off in the coldest
seasons, their drought resistance, and their capacity to produce
green forage after rain during hot summers, are features of great
value. Some of the best sheep in New South Wales are raised on
Danthonia grasses alone. It has been found practicable to estab-
lish Danthonia sown pastures, especially where irrigation can be
practised. Seed is set very readily and abundantly, although
ripening is irregular, and some difficulty is experienced in
harvesting and sowing the light fluffy seed" (Cashmore 1932, p.10).

In 1986 seed of Danthonia is still unavailable commercially. The
introduction of clovers and grasses from Europe for enhanced winter
production deflected the direction of rangeland research in southern
Australia away from management of native grasslands towards establish-
ment of improved pastures of introduced plants. Only recently has
research on native grasses, and especially that on the wallaby grasses,
regained its earlier momentum.

To overcome the existing lack of availability of native grass seed,
the National Capital Development Commission (NCDC) in 1985 contracted
CSIRO Division of Plant Industry to carry out a 3 -year research
project on seed production by native grasses for the Southern Table-
lands region of New South Wales, and specifically seed of species
suitable for use in landscape practice in Canberra (see Lodder et al.
1986). In this paper we report progress on this new project in its
first year. The present project builds on the results of a previous
NCDC- funded project which investigated seed germination, dormancy
mechanisms and seedling establishment in four native grasses, including
Danthonia (flagon et al. 1975, flagon 1976, flagon and Chan 1977, Hagon
and Groves 1977).

Research approach

We identify five stages in the domestication of a species :

1. field collection of different taxa which are then grown at a common,.
site;

2. selection of one species or taxon;
3. further field collection of the selected taxon from a wider area

and this additional material also grown in experimental plots;
4. selection of individuals of the taxon which seem best suited to

commercial development;
5. large -scale commercial cultivation and investigation of seed

cleaning techniques.

In the winter and spring of 1985, 1350 transplants of a wide range
of native grasses (Table 1) were collected from the Northern, Central
and Southern Tablelands of New South Wales (Stage 1 of the above).
Usually 10 individuals were planted per collection in pots in a glass-
house and on a well -spaced grid in experimental plots in the field in
Cac.berra. All weed growth was controlled. Plants were watered at
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least weekly during summer and autumn to ensure adequate moisture levels
for full floral and seed development.

Table 1. Geographic distribution of collections of native grass genera

Genus
N.S.W. Tableland region

Southern Central Northern

Danthonia 21 7 9

Poa 25 3 1

Stipa 14 1 0

Microlaena 5 1 1

Bothriochloa 3 o 1

Panicum 4 o 0
Themeda 3 1 0

Agropyron 2 o 1

Aristida 2 o 0

Dichelachne 2 o 0

Observations on the timing and extent of flowering and seeding of all
these collections yere made regularly. These and other observations gave
information on height from ground level to the basal flowering node (base
of rachis), spikelet number per head and seed number per spikelet and
time from emergence to final seed fall.

Results and Discussion

Several taxa within the genus Danthonia seemed especially suitable
for our purposes, especially for mechanical harvesting and seed product-
ion. For seed to be readily harvested mechanically, the seed needs to be
formed on erect stems within a limited height range; some preliminary
results on this characteristic are presented in Table 2.

Table 2. height from ground level to basal flowering node (cm) for five
native grasses grown at Canberra in 1985/86

Species Habit Height + S.E. Range

Iicrolaena stipoides lax 22.9 + 2.1 0 - 67

Danthor.ia caespitosa semi -erect 40.6 ± 2.0 27 -- 75

D, linkii var, linlai erect 51.4 + 1.7 27 - 75

D. tenuior erect 51.9 ± 1.5 28 -- 74

Stipa bigeniculata erect 53.6 ± 2.0 10 -97

These results show that several Danthonia species are more suited to
mechanical harvesting than species such as Microlaena stipoides and
Stipa bigeniculata. Microlaena is unsuitable because of its lax habit
and whilst a grass such as Stipa bigeniculata bears its seeds on erect

stems, its greater range in height makes it less suitable.

The combination of characteristics which contribute to high seed
yields include number of heads per plant, number of spikelets per head
and seed number per spikelet. Because we used transplanted material,
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results will be presented on only the latter two characteristics for a
range of six Danthonia species (Table 3).

Table 3. Seed production characteristics of six Danthonia species grown
at Canberra in 1985/86

Species Spikelet no. /head Seed no. /spikelet

D. laevis 8,8 ± 0.2 5

D. carphoides 17.9 ± 0.3 3

D. linkii var. linkii 31.1 + 1.1 5

D. linkii var. fulva 33.8 + 0.8 5

D. tenuior 35,7 ± 1.4 5

p. richardsonii 44,2 ± 1.1 3

Within Danthonia a range in seed production characteristics was
found, with D. linkii, D. tenuior and D. richardsonii all producing the
higher numbers of seed per head.

Other reasons for choosing Danthonia for domestication are that :

1. the genus is widespread and adapted to grow on coastal, tableland and
western slopes areas of New South Wales and the A.C.T. Such a wide-
spread distribution increases the chances to detect significant
variation in morphological characters such as seed retention;

2. they show continuous flowering /seeding throughout spring, summer and
autumn if irrigated;

3. they are more tolerant of moisture stress at germination than Themeda
for instance (Hagon and Chan 1977;;

4. they can establish during both autumn and spring (Hagon and Groves 1977);
5. their seed dormancy is easily overcome by storage for 3 months or by

chemical treatment (Hagon 1976);
6. they can spread rapidly once established (Cashmore 1932).

For these reasons and on the basis of the results presented in Tables
2 and 3 and the phenological observations we have made, three taxa of
Danthonia - viz. D. linkii var. fulva, D. tenuior and D. richardsonii -
aave been selected for further research (stage 3 in the domestication
process outlined earlier). All three species occur on the coast, table-
lands and western slopes of New South Wales, except that D. linkii var.
fulva does not occur on the Northern Tablelands and North -west Slopes
and D4 richardsonii does not occur on the South Coast, although it extends
into the Western Plains region.

Although our program does not involve breeding work, it is interesting
to note that the three taxa we have chosen are all polyploids, with
2n = 48 or 72 for D. linkii var. fulva, 2n = 72 for D. tenuior and 2n = 43
for D. richardsonii (Brock and Brown 1961). Polyploids generally have a
greater genetic variability; they also have some desirable features for
domestication, such as erect and thicker peduncles, rachises and pedicels,
and they are usually larger plants more able to withstand mowing or
grazing or weed competition.
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Future aspects

In the remaining two years of the project we shall seek an individ-
ual or a population of Danthonia linkíi var. fulva, D. tenuior or

richardsonii with enhanced seed retention. This material could be
selected from newly collected field material or from our existing
populations when more individuals are grown this coming season. Some of
the determinants of enhanced seed retention we shall be looking for
include the laxness /compactness of the panicle, the brittleness /toughness
of the rachis and pedicels, the breadth of the glumes and the hairiness
of the lemma. The fluffiness of the dispersal unit in Danthonia assists
the rapid spread of a population while complicating its suitability for
iechanical harvesting.

At this time we would like to enter into partnership with a
commercial seed company to begin to multiply seed of Danthonia for the
market. Though the eventual cost of marketed seed may be higher initially
than for some introduced grasses, we anticipate that revegetation with
native grasses will still be viable economically in the longer term
lecause of their lower maintenance costs following the establishment
of seedlings.

Acknowledgments. We thank the National Capital Development Commission
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Ljorn Wittmark for their continued support and interest.
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STOCK PRODUCTION 0;, NATURr,L AND InpCUED PASTURES: A COMPARISON

Edmund Jyndham, Karuah, Wollomombi, N.S.W. 2350

During the drought years of 1979 -31 much of the improved pasture
(sensu Robinson 1979) on Kaurah perished and, with the return of normal
seasons in 1932, improved areas were replaced with natural pastures
( sensu Robinson 1979) dominated by flicrolaene stiooides. Traditionally
Nicrolasna is regarded as a weed in the New England region because it
is competitive, has a troublesome seed and produces a large amount ofstem
and dry leaf in summer. however, it does have high productivity and
can withstand heavy grazing pressure. At Glen Innes, Robinson (unpubl.)
found that ficrolaena produced a greater annual biomass than the int --.

eoduced Demeter Fescue and that, although Microlaena had a lower prod-
uctivity during autumn and winter Than Fescue, it still grew an appreciable
amount during the cold months (Fig. 1). To clarify the value of natural
pastures dominated by Microlaena, in 1985 on Karuah I commenced recording
the performance of sheep and cattle on natural and improved pastures.

Karuah is situated 45 km north -east of Armidale, it has an average annual
rainfall of 905 mm and an altitude of ca 1200 m. From 1960 to the present
annual aerial applications of superhhosphate of 20 kg per ha have been
applied to both the natural and improved pastures. During the first
twelve months of this study, reported on here, seasonal and annual
rainfalls were about average. The natural pasture, in addition to Micro_
lesna, contained several other native grasses and good stands of the int-
roduced Unite Clover. The sown pasture consisted principally of Demeter
Fescue, Victorian Rye, Cocksfoot and Unite Clover. Both pasture types
eere mostly open grasslands but contained some trees; the trees were
more numerous in the natural than in the improved pastures: The livestock
were British breed beef cattle, Merino sheep and Merino by Dorset first
cross lamb:. Stock were weighed at irregular intervals on Ruddweigh
electronic scales as they were put into or taken out of .the pastures.

Reul s

From r;pril 1935 to [larch 1986 the two paddocks of natural pastures carried
higher overage stocking rates (4.1 and 4.5 Dry Sheep Eÿuilivants (DSE's) )
than the paddock of improved pasture (e.4 DSE's) but stock on the improved
pasture averaged higher daily weight gain (1.00 kg per ha per day) than
those on the natural pasturec (0.74 and 0.37 kg per ha per day) (Table 1).

In summer the natural pastures carried more stock than the improved pasture
(Fig. 2) and the rates of weight gain achieved were similar on both pasture
types (Fig. 3). This agrees with Robinoon's finding that Microleena
out produced Fescue in summer (Fig. 1). Curprieingly, despite the lower
autumn and ui nter production of f Ïicrolaona (Fig. 1), I carried a higher
biomass of stool( during these seasons on the natural pastures than on
the improved pastures. During the autumn and winter months stock on the
natural pastures continued to achieve moderate rates of weight gain.
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On a per head basis, the highest rates of weight gain were achieved by
steers on the improved pastures in spring (Table 2); the improved
pastures proved far superior to the natural for fattening steers.
There L+as little difference, however, in the per. ermance of breeding
stock on the two pasture types (Table 2). Cows on natural pasture
raised calves that at weaning (7.5 months) averaged 254 kg. Ewes on
natural pasture raised first cross lambs that at weaning (4.5 months)
averaged 32 kg; 3V. of these lambs were sold as prime suckers that
averaged 37.5 kg.

Discussion

At this stage of the study it is too early to reach firm concl-
usions on the relative values of natural versus improved pastures.
The findings . may reflect the influence of variables other
than the intrinsic ability of the two pastures types to produce live-
stock. For example, during the twelve months of the study reported
here I used the improved pastures mainly to finish stock, particularly
foward steers, and I used the natural pastures to run breeding stock
and store steers. The consequences of this were (a) the improved past-
ures were conciously stocked at lower rates so maximal rates of weight
gain could be achieved and (b) stock placed on the improved pastures
were of a size, body condition and health such that they could achieve
high rates of weight gain. Thus the lower carrying capacity but higher
rates of weight gain achieved on the improved pasture may well reflect
the management strategy, not the intrinsic properties of the two pasture
types.

While it is not possible to make definite statements on the relative
value of fîicrolaene dominated natural pasture, I have established that,
in absolute terms, these pastures perform well. The average annual
carrying capacity of 4 to 4.5 DSE'.s per acre is satisfactory for the
district on aerially top- dressed country. Spring weight gains of about
1 kg per head per day in steers again is satisfactory and the performance
of breeding stock reported above is good.

Also, it is too early to develop firm management strategies but some
tentative guidelines, to be investigated further, can be laid down.
Firstly, I suggest a viable strategy is to have a mixture of natural
and improved pastures. Secondly, perhaps the optimal use of a mix of
natural and improved pastures is to stock the former mainly with breed-
ing stock and the latter with foward steers and weaner cross -bred
lambs. Microleena dominated pasture is particularly unsuitable for
finishing cross -bred lambs because in late summer, when these are being
fattened, the Microlaena is tall and rank and is producing a profusion
of seeds that collect in the lambs' wool and eyes.
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Table 1. Comparison of annual livestock production from improved and
natural pastures

Pasture type - paddock Annual carrying Annual rate of gain
capacity (DSE's) Kg per ha per day

Improved - Lamabari
Natural - Diver
Natural - Abroi

3.4

4. 1

4.5

1.00
0.74
0.87

Table 2. Maximal daily weight gains of livestock on improved and nat-
ural pastures

Pasture type Season Initial body Stocking rate Wt gain
wt (kgs) (DSE's

acre)
per (kg per hd

per day)'

Steers
Improved - Lamabari Spring 291 5.0 1.3

atural - Diver Summer 238 6.0 0.9

Natural - Abroi Spring 236 4.S 1.1

Pregnant cous and cows with young
Improved - Lamabari Spring 458 5.0 1.2

Natural - Diver Spring 423 3.7 1.1

Pregnant ewes end ewes with young lambs
Improved -Lamabari Spring 59 5.0 0.12

Natural - Diver Spring 52 3.7 0.13
Natural - Abroi Spring 60 4.8 0.10

Dry wt
horvested3300

(kp)

1300

Annual prodn

- - -1 Fescue Mtcrolaeno
6800 7150

- -- - - -
Spring Summer Autumn Winter

Figuregure 1_ Amount of dry matter produced by Microleena and Fescue atGlen Innes. Stands of the two grasses were periodically
cut, oven dried and t,'eighed. Data from Robinson (unpubl. ).
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Figure 2. Stocking rates of sheep and cattle on improved and natural
pastures at Karuah, April 1985 to March 1986.

Roto of gain
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Figure 3. Rtes of gain of sheep end cattle on improved and natural,ac-tures at Karuch April 9', 1 1.VS to March 1986f
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CHEMICAL CONTROL OF SHRUB ENCROACHMENT

Bruce Alchin, G.P.O. Box 4351, Western Lands
Commission, Sydney 2001.

Shrub encroachment is one of the most serious problems
causing decline in stability and productivity over much of
Australia's rangelands. If the shrub encroachment problem
is not controlled, the cost in terms of land degradation,
desertification and financial loss would be untenable
(Condon, 1984). This cost would be borne not only by the
individual landholder but by the community as a whole.

The Need for Control

Pressland (1981) noted that shrub control is imperative to
controlling rangeland deterioration and that maintaining
an open pasture (i.e. free of shrubs) will result in less
fluctuation in annual turn -off of animal products.
Pressland added that shrub encroachment will continue
under current land use and management. It is apparent
that any control methods must be appropriate to the
context of practical and economic feasibility of pastoral
management and any other form of land use in the arid
rangelands.

Soil Applied Chemicals

The availability of soil applied chemicals provided the
opportunity to investigate their potential for rangelands
(Alchin, 1984). Research has been carried out into the
use of the chemical hexazinone ( "Velpar ") in soil injected
liquid ( "Velpar L ") and pellet ( "Velpar Gridball
Brushkiller ") formulations. It functions through
inhibiting photosynthesis.

A number of experiments were carried out and a summary of
the results of these follows.

* Effective rates of application per ha were related to
individual species as well as density and heights of
shrubs.

As shrub density increased, returns from that area
declined rapidly. This loss of return became
increasingly significant from densities of 20 to 30
shrubs per hectare onwards - with the loss becoming
greater at an accelerating rate. It was much more
economical to treat shrubs when they were at a very low
density and individual shrubs were small and posed no
immediate threat. Areas with small shrubs at low
densities had a high potential for active shrub
encroachment but this could be economically reduced by
early treatment. Investment in shrub control at this
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stage would not usually produce increased returns but
would contribute towards reducing or preventing major
losses in the future.

* Hexazinone was taken up by the plant relatively rapidly

After uptake, continued activity of hexazinone was
dependent on chemical already in the plant.

* The efficacy of the chemical was more dependent on
uptake than amount applied

In a trial with grid pattern treatment using soil -
injected liquid on coolibah (Eucalyptus microtheca)
hexazinone which was diluted with water and applied at
0.01 g a.i. per point on a 30 cm sq. grid effected 92%
mortality. From this and other results it was
concluded that maximum efficacy will be obtained by
applying the chemical with as many points as is
practical. This refers to treatment of both individual
plants and grid pattern treatment of individuals.

* There was a trend towards autumn application resulting
in higher mortality than spring application

It was p6stulated that the shrubs were relatively
stressed in the autumn period prior to major
translocation of carbohydrates to the roots for the
cooler winter period. The artificial stress of
hexazinone at that time would have had a marked effect
by not only causing initial defoliation but by
interfering with the build up of reserves for the
following season. By contrast, defoliation caused by
hexazinonè in spring would still leave the plant with a
considerable reserve to draw on. Tolerance to
hexazinone was related more to a shrubs capacity to
regenerate rather than the initial defoliation.

* The application should be placed just outside the
dripline

This ensure that rainfall interception by the shrub
canopy does not interfere with release and movement of
the chemical. The active rooting range of shrubs
appeared to be able to take up chemical readily from
just outside the dripline.

* The pellet formulation, in general, was more effective
than the liquid.

Although the pellet was generally more effective,
response to it was slower.

* With grid pattern application, the 9uantity of chemical
application can be minimised by achieving significantly
less than 100% mortality with initial treatment and
then treating survivors as individual plants.
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* Shrubs which had been burnt prior to treatment with
chemical exhibited a higher mortality than unburnt
shrubs.

* Pasture damage from the chemical was minimal

The usual area of pasture killed was an area of 30 to
50 cm diameter. Recolonisation occurred with 12 to 24
months.

As a corollary to this, a distinct advantage of
chemical control over most other methods is that damage
or loss of pasture is minimal and hence the risk of
soil erosion'is also low. Also, destocking is not
required with chemical treatment.

* Soil studies indicated that hexazinone does not have
any long term residual problems.

It was observed that hexazinone remained active for
sufficient period to kill seedlings which emerged
following the death of the parent plant.

Practical Application

The potential use of point -applied chemicals is as a
single treatment or in integration with other techniques.

considerations indicate that at a of $4.00
per ha for chemical to treat 50 shrubs it would be
acceptable to rangeland areas. Treatment of dense stands
is relatively expensive ($30 to $40 per hectare), however,
their strategic location may warrant consideration. In

this context Alchin (1983), has noted that the cost per
hectare may benefit more than the particular site treated.
Hence, the benefit of reduced future encroachment by
eliminating a seed source, improved livestock husbandry,
etc., may warrant expenditure above the value of the
return in pastoral productivity from the particular
hectare treated.

The greatest potential for the role of chemicals in
control of shrub encroachment is in integration with other
techniques.

Scifres and Mutz (1980) stated that, with all chemical
methods, the resulting standing dead plants may limit
grazing distribution of livestock, the regrowth may limit
treatment life and valuable plant forms may be affected.
However, these limitations of chemicals could be partially
alleviated by the integration of judicious and systematic
application of burning prescribed burning. Results
indicated that the effect of burning was greatly enhanced
by chemical pre- treatment because it released fire fuel,
improved fire fuel composition, load and continuity and
increased burndown of woody plants.
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Scanlan and Pressland (1984) noted that fire was valuable
as a pre- treatment to overall spraying with chemicals,
greatly reducing the amount of chemical required as well
as the regrowth being more susceptible to chemical
treatment than the mature plants. The results of the
study on hexazinone confirmed similar results for soil
applied chemicals.

This author has supervised successful field trials using
hexazinone to control inedible shrubs following goat
grazing and regrowth following clearing.

A study has been made by the author of the "Integrated
Brush Management Systems" developed by Texas A & M
University in the U.S.A. The IBMS approach minimises the
weaknesses of individual treatments while amplifying their
unique strengths (Scifres and Mutz, 1982). It is proposed
that shrub control in Australia could best be achieved by
a similar approach and that soil applied chemicals will
play an important role in that context.
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Rehabilitation of Degraded Wheatlands in North--West N.S.W.

W.D. beilotti, N.S.W. Department of Agriculture, Walgett. 2832

Introduction

In north -west. N.S.W., dryland cereal cultivation has spread in recent
times into semi-arid environments previously rey-irded as inadequate for
cereal production. This trend is typified by developments in the Walgett
Shire where the area of dryland wheat has expanded by 241% over the ten
years from 1974 to 1984 (Figure 1). The soil is cropped continuously
and fertilisers are applied. In response to this situation a project
aimed at identifying adapted pasture species and developing sowing methods
that will enable the adoption of ley farming systems or the permanent
return of degraded croplands to productive rangelands was initiated.

The Wheat Industry
The area of wheat cultivation in the Walgett Shire has steadily increased
from just a few thousand hectares in 1960 to over 160,O0Oha in 1984. The
shire average grain yield over this period was 0.9t/ ha (4.3 bags/ac).
There is no apparent trend in grai n yield as yield is strongly dependent
on rainfall. Rain can be effective for grain yield either as stored soil
moisture during the summer fallow or as rain falling during the growing
season.
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Sail Fertility Decline in Relation to Dryland Cropping
A; preliminary survey of paired soil samples, either uncropped pasture
soils or continuously cropped soils, was undertaken as a forerunner to
more detailed soil survey (Table 1).

Tabl_e 1 Changes in chemical
cropping in the Walgett area.

properties of a verti sol
(Chan et.al. 1986).

under dryl and

Chemical
Property

Uncropped
Fasture

6 years
Wheat

Uncropped 22 years
Pasture Wheat

pH 6.7 7.5 8.3 8.8
;'.0 1.2 0.7 0.9 0.5
::N 0.09 0.06 0.08 0.05
P (Bray)

(ppm)

28 r.10 -.)0 11

Organic carbon, total nitrogen, and phosphorus have all declined with
cereal production. Most of the decline in organic carbon and total
nitrogen has already occurred within the first 6 years, suggesting that
for these properties an equilibrium level may exist (Dalai and Clarke,
1984). Continuous cultivation increased soil pH and this increase may
result in lower availability of P and Zn. Additional tests on these soils
revealed lower structural stability and lower biological activity in the
cultivated soils (Chan et.al. 1986). These preliminary results warrant
further investigation into the status of soil fertility (both physical and
chemical) under.dryland cropping.

Pasture Species Evaluation
A major limitation to the adoption of ley farming techniques or the return
of cropland to rangeland is the availability of adapted pasture species.
Evaluation of a range of native and i ntrodn t1 n =i-I i, L4 1 J e::, -r nr-

introduced legumes is in progress (Table 2). The key criteria for success
is persistence rather than production. A stable, productive, and
nutritious pasture for the area consists of the perennial summer growing
Mitchell grass and the annual winter growing medics (Launders, 1980). The

annual medics are well adapted to the soils and climate of the area. The

naturalised medics have the undesirable traits of spiny pods and
susceptibility to aphids. New annual medic cultivars should perform well
where naturalised medics have been eliminated by cropping.

Mitchell grass is the best of the native grasses, comparing favourably
with the exotic grasses even in the first summers growth. The best of the
exotic grasses include Bambatsi panic, purple pigeon grass, and buffel
grass. The persistence of these grasses on vertisols requires further
evaluation.

Development of Sowing Technology
Once adapted species have been identified a second major limitation is the
absence of guidelines for low -cost, low -risk pasture establishment. A

considerable body of information is available for the annual medics and
the adoption of these species is mainly an extension problem. Much less
information is available for the perennial summer grasses and is almost
non -existent for the native perennial summer grasses.
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Table 2. Valuable native grasses and naturalised legumes, and promising
exotic grasses and legumes. For further details see Cunningham et.al
(1981) for native and naturalised species; or Barnard (1972) and MacKay
(1982) for exotics.

Perennial Summer Growing Grasses
Natives

Astrebla lappacea
Diqitaria divaricatissima
Dic!-.anthium sericeum
Enterppogon acicularis
Eriochloa pseudoacrotricha
Echinochloa turnerana
Panicum prolutum
Paspalidium constrictum

Exotics

Curly Mitchell grass

Umbrella grass
Old. Blue grass
Curly Windmill grass
Early Spring grass
Channel Millet
Rigid Panic

Box grass

Cenchrus ciliaris cv Biloela, Nunbank, Gayndah, American
Panicum coloratum var. makarikariense cv. Bambatsi
Setaria incrassata* cv. Inverell

Urochloa mosambicensis cv. Nixon

Annual Winter Growing Legumes
Naturalised

Medicaqo Polvmorpha var. vulgaris
Medicaqo minima

Medicaqo laciniata

Exotics

M. pcúymorpha var. brevispina
M. trUncatula cv. Sephi, Cyprus, Jemalong
M. aculeata
Astragalus hamosus cv. Ioman

Vicia villosa ssp. dasycarpa cv. Namoi

* (syn S. porphyrantha)

Buffel grass
Bambatsi panic
Purple Pigeon

Grass

Sabi grass

Burr Medic
Woolly Burr
Medic

Cut Leaf Medic

Barrel Medic
Keg Medic
Milk Vetch
Woolly Pod
Vetch

Consequently research is being focused on the sowing requirements of

Mitchell grass. A large number of research topics are possible and
include the following: time of sowing, depth of seeding, seed pelleting
with herbicides, insecticides, nutrients, undersowing to wheat, aerial
seeding, use of stubble, use of fertilisers, role of herbicides, and so
on.

Underlying all these options is the rainfall/surface soil moisture/seed
interface. Analysis of rainfall records, development of surface soil
water models, and definition of seed germination, emergence, and survival
requirements deserves the highest priority.
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Research is in progress on the germination /dormancy characteristics,
:.owing depth limitations, and wet -dry day sequence requirements for
germination and emergence of Mitchell grass. A time of sowing trial, with
and without irrigation at sowing, is id the detailed planning stage.

Conclusion
Adapted annual winter legumes are available but their adoption by farmer
is negligible. The domestication of the native Mitchell grass will
provide farmers with an adapted perennial summer growing grass.
Establishment requirements of Mitchell grass are being -studied to enable
the development of sowing guidelines.

Whether or not a pasture ley can rehabilitate degraded cropland in a semi -
arid environment is a matter for further biological research and economic
analysis. Under semi -arid conditions in the Canadian prairies, more than
55 years of natural regeneration were required before soil organic: matter
levels of abandoned cropland approached those of adjacent uncropped
pasture (Dormarr and Smoliak, 1985) .

References

Barnard, C. (1972). Register of Australian Herbage Plant Cultivars.
CSIRO. Canberra.

Chan, K.Y., Bellotti, W.D., and Roberts, W.P. (1986). Changes in
fertility of vertisols under dryland cropping in the Walgett area, N.S.W.
Aust. Soc. Soil Sci. (A.C.T. Branch). Canberra.

Cunningham, G.M., Mulham, W.E., Milthor-pe, F.L.', and Leigh, J.H. (1981)

"Pl cs o-F Western New South Wales". N.S.W. Govt. Printer.

Dal al, R.C., and Clarke, A.L. (1984). Kinetics of soil nitrogen in some
cracking clays of the Darling and Western Downs, Queensland. In The

Properties and Utilization of Cracking Clay Soils. Ed5 J.W. McGarity,
E.H. Hoult, and H.E. So. Review in Rural Science No. 5. University of

New England. Armidale.

Dormar, J.F. and Smoliak, S. (1985). Recovery of vegetative cover and
soil organic matter during revegetation of abandoned farmland in a semi-
arid climate. J. Range Mgt. 38, 487 -491.

Launders, T.E. (1980). Growth, composition and quality of native pastures
and grazing lucerne in a semi -arid environment of north -western New South
Wales. M.Sc. Thesis. University of Sydney.

Mackay, J.H.E. (1982). Register of Australian Herbage Plant Cultivars.
Supplement to the 1972 edition. CSIRO. Canberra.



174

BUFFEL GRASS PASTURE DEVELOPMENT: PRODUCTION AND
CONSERVATION

J.M. CAVAYE*

Buffel grass pasture improvement is important in central
eastern Australia. Large areas of timbered country are
cleared to increase pasture growth. This provides the
opportunity for the establishment of a drought tolerant
productive pasture. In addition, large areas have been
colonised by buffel grass from natural spread.

In Queensland, buffel grass is well adapted to 20.9 million
hectares. After allowing for preferred species in some
areas, buffel pastures have a net potential of 15.9 million
hectares (Weston et al, 1981). At least, 2.5 million
hectares are under buffel pastures mostly on brigalow /belah,
Poplar Box and Gidgee country.

The main benefit of buffel grass pasture improvement is
increased carrying capacity. For example, on brigalow
country, carrying capacity can be increased by five times,
with the clearing operation contributing about half the
increase.

Pasture development involves a committment to a balance
between production and conservation. Carrying capacity is
high (up to a beast to 1.6 ha in summer). In a trial north
of Roma, Hereford steers produced 602 kg of liveweight /ha
over a period of 28 months, on a pure sward of buffel, under
average rainfall conditions. At a price of 95C /kg, the
performance of these animals meant a gross return of $240 /ha,
year.

Good management can sustain production and at the same
time, conserve the pasture and land resource. There are
four aspects to this balance: land suitability, regrowth,
nitrogen cycling and es,tablishment. This paper will discuss
these four aspects individually.

Improvement Priority

Buffel grass pastures persist and produce best, when the
most suitable land on a property is developed first.

For any particular type of country, the production potential
should be matched to the production "asked of" the land
(cropping, improved pasture and native pasture). This is a
guide to optimum long term production, and maximum return on
capital invested in property development.

Most graziers have a number of different types of country.
A grazier beginning a buffel development programme should
match land capability to the level of production required.
A priority list can be made using the characteristics of
land (soil depth, fertility and so on). Buffel is suited to
soils at least a metre deep, with a loose surface and of
reasonable fertility.

* Beef Cattle Husbandry Officer, Department of Primary
Industries, Coondiwindi.
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The following is an example of a simple priority list

Table 1: A Priority List for a Hypothetical Property

Property_A Priority List

Type of Country Production Potential

Melonhole Brigalow
- heavy soil
- high fertility

Brigalow /Belah flats
- loose surface
- good depth and fertility

Poplar Box /Sandalwood flats
- fairly loose surface
- reasonable depth and fertility

Cypress Pine Ridges
- loose surface
- poor water holding capacity
- poor fertility

Regrowth and the Rate of Development

Cropping with levelling

Cropping or improved
pasture

Improved or native
pasture

Native pasture

The rate of pasture improvement on any property will be
dependant on the layout of the farm, the manager's motivation,
and financial resources and priorities. However, it is
important not to develop too much country too quickly.

After clearing, regrowth is a major problem. The benefits of
pasture improvement are lost if regrowth is not controlled.
A graziers ability to handle regrowth should determine how
much country is developed at one time.

Nitrogen in Production and Conservation

Buffel grass pastures utilise a large amount of available
soil nitrogen. The pasture is grazed but most plant material
accumulates as organic litter. The use of soil nitrogen by
the pasture appears to exceed the amount of nitrogen made
available to plants by the breakdown of litter. Hence, soil
nitrogen accumulates in an unavailable form. With time, the
amount of available nitrogen in the soil limits growth, to an
extent, where vigour and plant population is reduced.
Renovation can temporarily reverse the situation. It promotes
the breakdown of organic matter and the availability of
nitrogen (Graham and Muller, 1982).

Although the effect on pastures can be dramatic the pasture
and land resource is conserved, in that there is only a
shunting of nitrogen into an unavailable form. The major
permanent loss of nitrogen is the export of animal products
off the pasture. In any case, the amount of nitrogen lost
to the system is proportional to pasture growth, which itself
depends on soil nitrogen levels.
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Establishment

After clearing, the eventual aim is to burn the fallen timber.
Pastures can be sown before or after the fire.

Good establishment is essential in balancing production and
conservation. It is important to production from the pasture,
and in providing soil cover and fuel for fire to control
regrowth.

Commonly seed is broadcast onto an ash seedbed after a fire.
Seed is covered by soil and ash and establishment is often
good, given rainfall. "Microsites" also enhance establishment.
These sites are logs, stumpholes, hoofprints and fallen timber
that concentrate moisture and protect seedlings from grazing.
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The Introduction of legumes into the natural grasslands
of the Northern Slopes of New South Wales.

R.D. FitzGerald,

Agricultural Research & Advisory Station,
Glen Innes, 2370.

The natural grasslands of the Northern Slopes of New South Wales consist
mainly of summer growing perennial grasses (Williams 1979) which provide
good quality herbage for livestock in spring and summer (Lodge and Whalley
1983), but the poor quality of the grass residue in winter is probably the
main constraint to livestock production. Also present may be a small
proportion of winter -green species, particularly Danthonia spp (Williams
1979), but, under normal commercial grazing, such species will be heavily
selected during winter in preference to dead grass residue (Mulholland et
al 1976, 1977). The pasture which remains consists almost entirely of
frost susceptible perennial grasses. In addition, over much of the
Northern Slopes these pastures have been invaded by wiregrass (Aristida
ramosa) which has very little feed value (Lodge and Whalley 1983).

The problem of poor winter feed on these degraded rangeland pastures has
been tackled in two complimentary ways. One approach, a grazing
management strategy, which is primarily directed at removal of Aristida
but also is aimed at the re- introduction of the native winter -green
grasses, entails the absence of grazing in winter (Lodge and Whalley
1985). Clearly this strategy requires the presence of an alternative
winter pasture for the displaced animals in both the development and
maintenance phases. The second approach has been to develop a pasture for
improved winter feed per se, and to provide the required alternative
pasture for implementation of the strategy of Lodge and Whalley (1985).
In this approach the intention is to maintain the existing native grasses
and introduce an exotic winter -green legume to supplement the dry grass
residue during winter, thereby improving the overall digestibility of the
winter diet and increasing the intake of the dry residue.

The commercial introduction of legumes into natural pasture on the slopes
has met with varying success where it has been attempted. A number of
factors may be involved. Firstly, the legumes presently used may not be
suitably adapted. The selection of legumes suitable for the slopes has
received only limited attention (Tow 1975, Archer 1981). Secondly,
variable success in legume introduction may be associated with
establishment techniques. The reliability of the most usual method, that
of aerial sowing, depends on suitable climatic conditions. In experiments
on the Tablelands surface sowing has been very much less reliable than
more precise methods of seed placement such as direct drilling and
conventional tillage (Watkin and Vickery 1965, Curll pers. comm).
Thirdly, failures may also be associated with inappropriate management
following sowing. While management of pastures is recognised as being a
major cause of failure in legume introduction (Cullen 1970, Campbell and
Swain 1973) there has been little investigation of its impact. This paper
reports initial investigation of the first factor, that of species
selection.

Investigations into the other factors are in progress as part of the
Glen Innes programme, with increasing emphasis on the third factor,
grazing management.
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Procedure.

Six sites were selected on an east /west transect on latitude 29030'S
across the Northern Slopes west of Glen Innes. At each of three altitudes
(550m, 720m and 840m) two sites were selected, one on a basaltic and one
on a rhyolitic soil. Each trial included 9 legumes (Table 1) sown into
5m x 2m plots in natural grass pasture either by surface broadcasting or
by direct drilling using Agrowplow tynes to make a furrow approximately
20cm deep. Fertilizer (SF25) was applied at sowing and annually in late
autumn thereafter at 200 kg ha-1. Bromoxynil + MCPA was applied at 4
sites prior to sowing to remove resident clover, but no other herbicide
was applied to assist establishment. Plots were ungrazed until the 1st
seeding was completed, after which they have been subjected to normal
commercial grazing except at the basalt site at 720m where grazing was
unusually light.

Since the objective was to introduce legumes as a component of a mixed
pasture the data collected has been directed at recording persistence
rather than yield. Consistent with this objective plant density was
recorded at strategic times by counts in randomly placed quadrats
initially .lm2, 2 per plot and later, as plant density declined, lm2
quadrats 1 per plot. Yield of seed was determined by harvesting seed
within .01m2 quadrats, 3 per plot.

Results.

Plant counts (Table 2) indicate that initial establishment was generally
satisfactory for all sown legumes at most sites. Subsequent persistence
has been widely variable. Haifa white clover has persisted at all sites
although plant numbers were down at the highest altitude in 1985,
reflecting the dry conditions experienced there during the 1985 winter.
Woolly pod vetch declined rapidly on rhyolitic soils, and less rapidly on
basaltic soils. Rose clover survived well at 550m but has not persisted
at higher altitudes except where grazing was very light (720m basalt
site). Annual medics declined very rapidly at all sites.

The performance of subterranean clover cultivars has been variable with
early maturing cultivars failing to persist at the highest altitude but
the later maturing cultivar Woogenellup persisting quite well there. At

the lower altitudes Woogenellup performed equally as well as early
maturing cultivars. All subterranean clovers declined on the rhyolitic
soil indicating that the limitation to growth on this drier end of the
transect was edaphic, not macro -climatic. Seed yields of all subterranean
clover cultivars (Table 1) declined with increasing altitude but the yield
reduction was much greater with early maturing cultivars than with
Woogenellup.

Discussion.

The results show that it is possible to successfully introduce legumes
into the natural grasslands of the northern slopes. The two species which
have emerged as being most worthy of further investigation and development
are subterranean clover and white clover. Rose clover which survived
quite well at the lowest altitude, should be included in investigations
where possible. Annual medics do not appear to have a role in the natural
grasslands of the Slopes. Woolly pod vetch which has been impressive in



some trial plots (Archer 1981) failed to make a significant contribution
after the first year although it maintained a presence at 550m and 720m
under light grazing. The decline in the populations and seed yields of
subterranean clover with increasing altitude suggests that cold
temperatures during or following flowering may be inhibiting seed set,
particularly since the effect is most pronounced with early maturing
cultivars.

Following these results, a more intensive investigation is being conducted
into the adaption of subterranean clover cultivars to the lighter soils of
the Northern Slopes, and a long term programme to improve the persistence
of white clover on the Slopes is planned.
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Table 1: Yield of seed (seeds m2) of subterranean clover cultivars on two
soil types at three altitudes in 1983 and 1984.

Altitude
550m 720m 840m

Rhyolite Basalt Rhyolite Basalt Rhyolite Basalt

Dalkeith/Daliak 83 1191 2746 47 513 8 37

84 575 * 40 3220 0 0

Clare 83 1868 3379 13 1783 215 403
84' 694 2793 104 2867 33 75

Woogenellup 83 2421 4453 39 2988 2166 783
84 607 1634 126 3551 265 243

Standard errors of differences between cultivar means within rows are:
for 1983, 488, and 1984, 2992.

* Data not available.
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Table 2: Plant density (plants m-2) in September 1983, August 1984 and
September 1985 for legumes sown at 3 altitudes on two soil types.

550m
Rhyolite Basalt

Altitude
720m

Rhyolite Basalt
840m

Rhyolite Basalt

Haifa 83 8 13 76 36 60 155

White Clover 84 44 147 158 211 142 125

85 51 78 367 171 18 12

Woolly 83 55 36 27 44 61 73

Pod Vetch 84 1 12 5 22 1 8

85 6 9 1 6 0 3

Rose Clovers
Hykon 83 25 19 39 80 88 119

84 3 19 0 2 0 0

85 9 45 0 6 1 1

Kondinin 83 28 8 39 75 40 69
84 8 4 0 7 0 0

85 2 19 0 12 1 0

Barrel Medics
Sephi 83 15 9 15 48 30 51

84 0 1 0 19 0 0

85 0 1 0 1 0 0

Sanza 83 11 11 25 33 29 51

84 0 3 1 12 0 0

85 0 '0 0 4 0 1

Subterranean clovers
Dal /Dal 83 24 19 53 53 20 29

84 3 112 4 55 0 0

85 3 58 7 92 0 1

Clare 83 20 25 19 48 30 28

84 1 100 3 60 4 29
85 1 93 0 30 0 0

Woogenellup 83 19 25 29 68 53 45

84 2 89 17 117 66 75

85 7 61 4 142 19 11

Standard errors of differences between cultivar means within rows are:
for 1983, 10.4, 1984, 28.5, and 1985, 43.1.



The Use of Hexazinone for the Control of Woody Weeds

D.R. Green
Soil Conservation Service of N.S.W.
Buronga

The use of herbicides to control woody weed growth is a technique
that is available to rangeland managers. The recent development of the
root absorbed herbicide, hexazinone for use on woody weeds has been of
considerable interest. The herbicide is marketed under the trade name
Velpar *. The 'trials reported in this paper were investigatory, to
determine the effectiveness of this herbicide on various densities of
shrubs over several soil types and several shrub species.

"Lynwood" Trial

With this trial, two different application techniques at four
different levels, two soil types and varying woody weed densities were
used. The application techniques used were liquid application and
gridballs. Two rates of active ingredient (a.i.) were present in the
gridballs, 0.375 a.i. and 0.2g a.i.. The liquid applications had 0.4g
a.i. per shot; for individual shrub treatments, two shots were applied
to all large shrubs. The soil consisted of two basic types; a deep
loamy sand and a deep loam with slight surface sealing characteristics.
Both soil types exhibited variable densities of shrubs with the loam
textured soil generally supporting a denser population of shrubs. The

dense populations tended to be of mixed age whereas the open stands
supported a mature shrub population plus one cohort of young shrubs.
Shrub species on the trial site were primarily narrow leaved hopbush
(Dodonaea attenuata) with a lesser population of punty bush (Cassia
eremophila). The four application techniques used were individual
bush treatments and grid applications at 2m x 2m, 2m x 3m, and 3m x 3m
spacings.

Results

1. Gridballs (0.375g a.i.)

a) 2m x 2m grid. The lighter textured soil, with low shrub density
produced a 70% kill, these were all large shrubs. The loam soil
plot, which supported a dense shrub population, exhibited a low
kill (10 %).

b) 2m x 3m grid. Marginally higher kills on the lighter soil plot
but generally low; 20% on light soil, 10% on heavier textured
soil.

c) 3m x 3m grid. Similar effect on both plots with an overall
poor kill of 15 %. On both plots dense clumps of shrubs escaped
serious injury.

*Velpar, Velpar L and Spotgun are registered trade names.
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d) Individual bush treatments. There was a good kill, resulting in
an 80% reduction of hopbushes on the plot.

2. Gridballs (0.2g a.i.)

a) 2m x 2m grid. There was a good kill on both plots with the
lighter soil plot being slightly higher 90% vs. 75 %.

b) 2m x 3m grid. Fair to good kill with the lighter soil producing
a better kill 70% vs. 55 %. Fair mortality rates were observed
in the dense clumps on the sandy site.

c) 3m x 3m grid. On both plots the larger bushes were killed with
smaller ones surviving. Overall kill rates were significantly
different, 60% on the light soil vs. 10% on heavier soil. This
was due to the large number of dense clumps of smaller bushes on
the second plot.

d) Individual bush treatments. Fair to good results with 65% of
the hopbush killed and 80% of the punty bush killed. It was
noted that branches of large hopbushes had died but the remainder
of the shrub continued to survive.

3. Liquid (0.4g a.i.)

a) 2m x 2m grid. On the sandier sites all the large bushes were
killed but many small shrubs survived to produce an overall kill
of only 40 %, even though shrub biomass would have been reduced
by over 90%. On the heavier soil the kill was 75% of shrubs.

b) 2m x 3m grid. The sandier site had a 70% kill of hopbush with
only the smaller ones escaping the herbicide. The dense pop-
ulation on the heavier soil resulted in a 15% kill, mainly of
the large bushes.

c) 3m x 3m grid. A good kill of 90% was obtained on the sandy plot.
There were no small bushes or dense clumps on this plot. The

heavier soil type which had dense clumps and many small bushes
produced a very patchy 20% kill.

d) Individual bush treatments (Note 0.8g a.i. per shrub). All

treated bushes were killed by this treatment. Several small
shrubs that were not treated initially were not affected by
treatment of their larger neighbours.

Discussion

The investigation showed that individual treatment of shrubs with
hexazinone produced good kills regardless of application technique al-
though the liquid application produced a slightly better overall result.

The grid application produced very variable results. Generally
the larger shrubs were killed, presumably because the larger root system
allowed more chance of contact with one or more spots of herbicide. It

was often noted during the investigation that two large shrubs near each
other were killed, whereas a small one between them survived, indicating
that the roots of small shrubs were not spread out enough to contact the
herbicide on the grid patterns. The hexazinone generally produced a
better kill on the sandier soils. Several factors may have influenced
this

i) more rapid infiltration of the herbicide on this soil with small
rainfall events,
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ii) the shrubs on this site were more evenly spaced with few dense
clumps, and,

iii) the shrubs could be expected to have more extensive root systems to
compensate for the lower water holding capacity of the soil.

The grid pattern failed to produce a significant result on areas
with dense growth, presumably because of root system restriction. The
future of the application of hexazinone on a grid pattern would appear
to be limited where dense growth of small shrubs occurs. A grid pattern
calculated to affect the root zone of all shrubs to be treated would
need to be applied to be effective. This may be possible on relatively
mature stands where the spatial distribution of the shrubs has reached
an equilibrium.

"Barrowvale" Trial

This trial was located on the hard red clay loam soils of the Cobar
Pediplain where shrub invasion is a major problem. The trial was carried
out on three paddocks of around 6 ha each. The shrubs were all indiv-
idually treated using the Spotgun technique with the recommended applic-
ation rate of 2ml of Velpar L (0.5g a.i.) per metre of height of shrubs.
The Velpar L was diluted 1:4 with water. There were four main species
present on the treated areas, narrow leaved hopbush, turpentine
(Eremophila sturtii), budda (E. mitchellii) and emu bush (E. longifolia).

Treatment was carried out by walking the paddocks and applying the
Velpar L to all shrubs observed. The treatment was carried out as
rapidly as possible and missing of shrubs in the tall gras was to be
expected.

The figures below refer to assessment two years after application
of the herbicide.

Results

Summary of Paddocks and Mortality RatesTable 1

Paddock Shrub Density Average Shrub Cost Velpar /ha % killed No.

No. /ha Spacing (m) @ $21 /litre of

treated
plants

Missed
Per ha.

A 75 12 $4.00 88% 8

B 60 14 $4.35 86% 18

C 74 12 $3.70 90% 23

Note: Higher cost for paddock B with lower shrub numbers is due to the
larger size of the shrubs present.

Table 2 Percentage Kill of Shrubs by Height Classes and Species

Height Hopbush Turpentine Budda Emu bush

0 -1m 100% 89% 98% 92%

1 -2m 95% 79% 96% 50%

2 +m 94% 52% 72% 33%

Overall 99% 74% 88% 85%
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Table 3 Overall Treatment Effects (rounded to 0.5 /ha)

Hopbush Turpentine Budda Emu bush Total

Original No /ha 20 15 18 18.5 71.5

No. killed /ha 20 11 16 15.5 62.5

No missed or
grown /ha

13 1 1.5 3 18.5

Discussion

This trial illustrated the general effectiveness of Hexazinone for
the treatment of woody weeds. The practical nature of the trial high-
lighted several potential problems for property use. The obvious one is
the number of hopbush plants that were either missed originally or had
germinated during the two year period between treatment and the final
measurement. The missed or germinated shrubs on the areas were less than
one metre tall, therefore cost of retreatment with Velpar L will be low.
An alternative control technique may be applicable, such as prescribed
burning. The rates of application on turpentine and emu bush were too
low to achieve a good kill on larger bushes. An adjustment in the rate
applied or an acceptance that retreatment will be necessary for stands
of large turpentine and emu bush would be required in the practical
situation.

The cost of the herbicide per hectare depends on the density
and size of the shrub. The numbers of shrubs per hectare on these
paddocks represents a light infestation. The shrubs are at a level where
control by herbicide is still economically feasible. If shrub numbers
greater than those encountered in this trial were present, then alter-
native means of control may be desirable.

The labour used in applying the herbicide in this trial averaged
out at twelve minutes per hectare, this would have been reduced if a
motor cycle had been used to traverse the paddocks, however there would
have been a greater chance of missing shrubs.

General Conclusion

Hexazinone has proven effective for the control of several species
of shrubs when sufficient herbicide is applied to each individual.
Application on a grid basis presents problems of applying sufficient
herbicide to each shrub particularly in mixed age and /or dense stands
of shrubs. Where dense stands occur individual applications will result
in a very high cost and would only be feasible where treatment is for
a particular purpose such as to prevent spread to adjacent open areas.

Soil types within the limited range experienced in these two trials
appears to have no great influence on the effectiveness of this herb-
icide except for the fact that response to the herbicide will be
quicker on lighter textured soils when rainfall is limited. This is
a direct response to infiltration rates and to moisture availability to
plant roots.

This information is in support of a poster presentation.
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GROWTH, COMPOSITION and QUALITY of GRAZED NATIVE PASTURE and

LUCERNE in NORTH- WESTERN N.S.W.

T.E. LAUNDERS

N.S.W. DEPARTMENT OF AGRICULTURE

TAREE. N.S.W. 2430.

Growth, composition and quality of grazed native pasture (mainly

Astrebla sp.) and lucerne in north -western N.S.W. were studied through

up to 22 samplings at regular intervals over two years from July 1968

to June 1970.

Growth

Native pasture grew actively for up to 18 weeks per annum, spread over

late winter -early spring, summer and mid to late autumn. Lucerne made

up. to 16 weeks active growth between autumn and early spring.

Annual forage yields were 3.8 to 9 tonnes dry matter per hectare from

native pasture and 3.1 to 8.3 tonnes per hectare from lucerne. Winter

legumes and herbage contributed 60 to 80 per cent of the maximum yield

with prolific growth in late winter -early spring.

Dry matter losses due to senescence occurring in late spring -early

summer and in summer -autumn totalled 0.65 to 3.5 tonnes /ha on native

pastures and 0.75 to 2.9 tonnes /ha on lucerne. The estimated

consumption of forage by livestock was only a minor component of the

loss of dry standing forage.

Composition

On native pastures in good condition, the percentage of Astrebla

was low in spring, high in summer -early autumn, lower in late autumn

and relatively high during winter.

A progressive decline in the condition of native pasture was reflected

in a lower content of Astrebla sp. and an increase in the content of

other grasses and herbage.
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Quality

Pastures generally contained adequate levels of crude protein for

mature livestock throughout the year, but were satisfactory for young

stock only during periods of active growth.

TDN levels were above the minimum for most adult livestock only when

there was a high content of winter legumes and herbage.

Lucerne pastures provided a rich source of both protein and energy,

especially during autumn and spring.

Feed Years

From the available dry matter patterns in Figure 1, native pastures are

lowest in quantity (and often also in quality) of forage during autumn

and winter.

The use of sorghum and oat forage crops to overcome feed shortages

during autumn and winter, respectively, is discussed in relation to

stock management.

Native pasture quantity and quality are usually sufficient for

maintenance and wool production at normal stocking rates.

Management practices with breeding ewes and fat lambs are closely

related to the available dry matter and forage quality patterns of the

native pasture. Forage crops are generally unnecessary, while lucerne

can be useful around lambing in August or where barley grass presents

grass seed oroblems.

Forage crops appear necessary for the profitable and proper management

of beef cattle. Sorghums can maintain stock condition in late summer -

autumn, and oats are used to fatten yearlings over winter for sale in

early spring.
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Management of Calcareous Pasture Communities

in the Southern Alice Springs District

K. Shawl, B.D. Forant and W.A. Low3

1. Department of Primary Production, Alice Springs, NT 5750
2. CSIRO, Division of Wildlife and Rangelands Research, Alice Springs,

NT 5750
3. W.A. Low Ecological Services, PO Box 3130, Alice Springs, NT 5750

Introduction

In the southern Alice Springs district the most important pastures are the
calcareous shrubby grasslands and southern bluebush (Maireana astrotricha)
communities. These pastures, which are highly preferred and productive
grazing areas for both cattle and rabbits occur on calcareous soils. They
are the major units on land systems which constitute only 18.6% of the
area but which have been assessed as capable of carrying 47% of cattle on
18 pastoral properties surveyed in the district.

Open range grazing has been practised during the past 100 years. Under
this system cattle concentrate grazing on the preferred areas such as the
calcareous pasture communities before utilising surrounding less preferred
country (Hodder and Low, 1978).

Rabbits consume similar herbage species to cattle and therefore, as well
as being in competition with cattle, they exert additional grazing
pressure on the pasture resource. Their populations fluctuate
considerably and they have occasionally reached plague proportions (Low,
unpublished). The effect of rabbits on herbage and the death of trees and
shrubs as they ringbark them in search of moisture is highly visible and
has prompted pastoralists to attribute rangeland degradation in calcareous
communities solely to their presence.

This paper briefly reviews current knowledge about rabbit control and the
causes of pasture degradation and integrates it into a pasture management
strategy designed maintain productivity of calcareous communities on

extensive pastoral properties. It then analyses whether such a strategy
could be economically feasible and it discusses whether it would be
adopted by producers.

Effects of Rabbits and Cattle on Calcareous Rangelands

Assessments of range condition (Lendon and Lamacraft, 1976) on 18

properties' covering 8690 km2 found that 67% of calcareous shrubby
grasslands (CSG) and 45% of the bluebush rise sites were degraded to
either the fair or poor condition states (Table 1). This represents a
significant loss to pastoral productivity in years of average and below
average rainfall and increased susceptibility to erosion. (Foran et al.
1986). In addition to condition assessments a subjective classification
of the impact of past rabbit grazing on the site was also made.

The results indicated that whilst the greatest rabbit grazing impact was
associated with fair and poor condition states there were many sites in
the same condition state which were not seriously affected by rabbits.
Friedel (1985) was also able to correlate reduced numbers of trees and
shrubs with increasing numbers of rabbits present but could not show a
link with assessed condition for CSG sites in the same area. Clearly the
rabbit is implicated in rangeland degradation but is not the sole cause.
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Range condition in relation to a subjective assessment of
rabbit impact fur calcareous shrubby grauslanda and
bluebush rise pasture.

PASTURE TYPE RANCE
CONDITION

RABBIT IMPACT (% of n)

STATE NE6LICiB1.E SLI(:IIT MOIiËRATE---P.XTREMECalcareous Cood n = 14' 5o 28 ------ 22 0

Shrubby Fair n 22 36 18 32 14

Grassland Poor n 7 28 0 20 47
(CSC)
Bluebush Rise Good n = 17 59 12 29 0
(BBR) Flr n = 12 50 33 17 0

Poor n = 2 0 50 50 0

On six severely degraded CSG sites (Foran et al. 1985) mean biomass
production within ungrazed exclosed plots for the years 1983 -85 was 1160
kg /ha, 710 kg /ha and 380 kg /ha respectively following good, fair and
mediocre seasons. Grazing by rabbits depressed herbage biomass harvested
by 186 kg /ha, 170 kg /ha and 149 kg /ha. The mean reduction due to cattle
grazing was of' similar magnitude being 166 kg /ha, 150 kg /ha and 154 kg /ha
respectively. The levels of pasture utilisation prior to harvest ranged
from 30% to 80% of biomass available. Harvests were conducted in May
which allowed some 6 months for further grazing before early summer rains
could be expected to initiate further growth of grass. Hence, where
access by cattle is unrestricted and rabbits are uncontrolled the results
confirm that pastures are subject to extreme grazing pressure. Denudation
of pasture thus occurs in virtually all years and further degradation is
inevitable.

Managing Calcareous Rangelands

Very few management options for calcareous rangelands are available to
pastoralists. Once degraded, they are not easily rehabilitated. For
instance resting pasture by excluding cattle and rabbit grazing for 5
years on degraded CSG areas (Foran, 1986) and excluding cattle alone from
a bluebush slope community for 10 years (Bastin, 1982) resulted in only
minor vegetation changes and no significant improvement in condition and
productivity. Mechanical methods of rehabilitation such as pitting and
reseeding are both unreliable and expensive (Keetch, pers. comm. 1986).

Thus the most appropriate management objective is to prevent further
degradation by Controlling the level of pasture utilisation through
removal of rabbits and management of stock. Under this strategy the costs
of rabbit còntrol can be off set by running additional cattle on extra
forage available. The final alternative is to continue uncontrolled
grazing and accept that productivity will decline as rangeland degradation
continues.

Rabbit control by ripping and fumigation when rabbit numbers were
initiálly low reduced rabbit numbers to below 15 per spotlight km over a 5
year period. Rabbit numbers on untreated controls and 1080 "one shot" oat
poison areas however exceeded 100 per spotlight km during this period. An
effective control strategy for calcareous country would therefore involve
initial warren ripping and follow -up fumigation to prevent recolonisation.
Allies in the assault are predation by dingoes, feral cats and raptors
which can suppress the rate of population growth when numbers are low.
Introduction of myxomatosis, which is highly virulent in the region (Low,
unpublished data), will maintain pressure on residual populátions in
control areas and keep numbers suppressed in adjacent areas which may be a
source of re- invasion.

Optimal utilisation of pasture can only be achieved where calcareous
communities are subdivided from less preferred or more resilient pastures.
Adequate infrastructure such as waters and yards must be available.
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Greater forage production will be achieved if pastures are spelled during
the summer growing period. In the longer term this will favour grasses
and reduce susceptibility to erosion. Stock should be removed prior to
the stage where further grazing is causing dislodgement of grass tussocks
and baring of the soil surface.

In central Australia_a stragegy of pasture spelling and rabbit control in
calcareous areas is compatible with fattening cattle prior to marketing or
growing out weaner females prior to returning them to breeder herds.

Budgetary Analysis for a Pastoral Property.

A pasture management strategy for a cattle property South of Alice Springs
was devised in consultation with station management. An area of 652 km2
or 18% of the total station area comprises calcareous shrubby grasslands
which are heavily infested with rabbits and extremely degraded.

The objectives were to ascertain whether it was economically feasible to
control rabbits and provide additional infrastructure. Three additional
waters and 60 km of subdivisional fencing were necessary to enable
segregation of steers from breeders so that grazing pressure on degraded
calcareous shrubby grasslands could be controlled and pastures regularly
spelled.

TABLE 2. Partial budget analysis fur a proposed ealcatenne: shrubby
grassland pasture management strategy.

A. COSTS

1) Capital Costs li) Operational Costs
60 km [cluing $92.0(111 Repairs 6 Maintenance $2(1,000
3 watering polots $70,(100 (New Improvements 6

Rabbit control
(652 km2 at

$319,200 ongoing rabbit
control)

$600 km2) Wages $40,000
(2 extra still()

$557.600 $60,060

8 INCOME (Stock Sales)

652 hd at $250/hd $163,000 pa

652 hd at $200/hd $130,4(10 pa

652 hd at $150/bd $ 97,800 pa

PROFIT /LOSS SUMMARY

PRICE PER HEAD $

250150 ,200
Additional income $ 91,800 130,400 161,000
Operational Costa $ 60,000 60,000 60,000
Net ['refit $ 31,800 70,700 101,000

Return on capital
outlay of $553,600 6.82 12.7% 18.6%

Initial ripping and fumigation was costed at $600 km2 on the basis of
experimental data (Foran et al. 1985). Costs were adjusted to reflect
reduced warren density due to drought, anticipated economies due to scale
of the operation and inflation. Infrastructure costs were determined on
the basis of works required and prevailing contract rates and prices.
Total capital expenditure was $553,600 (Table 2). Budgeted operating
costs, covering repairs and maintenance of additional infrastructure,
continuing follow -up rabbit control in treated areas, extra labour for
these works and additional stock work was $60,000 pa. Additional income
was generated by sales - resulting from an additional 2608 head of stock
which could be carried utilising forage which would have been consumed by
rabbits. (160 kg /ha of forage was regarded as sufficient to carry on
additional 4 head per km2). In the budget analysis the prices used are



net and indicative of average figures received during the period 1979 -85
(Table 2) .

The analysis indicated that the proposed strategy was likely to be

profitable with calculated returns to investment between 6.8% and 18.6 %.
Taxation considerations were not included. If the property was operating
profitably then costs of rabbit control are fully deductible in the year
of expenditure (Evans and Rooke, 1983). Costs of additional waters can be
deducted over a 3 year period (Weissel, 1985). These factors would make
the strategy more profitable than indicated in the budget.

Conclusion

An integrated pasture management and rabbit control strategy is both
economically and ecologically beneficial.

Producers will initially embrace the concept of increased profit obtained
from stock utilising forage being consumed by rabbits. However, in coming
to a decision about closer management of calcareous country a number of
intangible factors will mitigate against widespread adoption by the
pastoral community.

During dry periods, when rabbit control will be most effective, producers
will be reluctant to incur large capital costs when future income levels
are uncertain. There is an unknown risk that rabbit control measures
could break down when conditions are conducive for a rabbit plague to
occur. Management inputs are greater and problems will be anticipated in
obtaining reliable labour to carry out required rabbit control works. In

the final analysis, where capital returns are only comparable to current
interest rates, it will be unlikely the widespread adoption of rabbit
control and closer management of calcareous rangelands will occur in the
short term.
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THE ECONOMIC EFFECTS OF KANGAROOS AND KANGAROO
CULLING ON LIVESTOCK PRODUCTION

L.M. Gibson

CSIRO Division of Wi l dl i fe and Rangelands Research,
Deni l i quin, N.S.W. 2710, Australia

Kangaroo Management Programs vary between states but essentially all aim
simultaneously to;

ensure the survival of viable populations of all harvested species
over their natural range; and
contain the deleterious effects of kangaroos on agricultural and
pastoral production.
In pastoral areas the commercial kangaroo shooting industry is the

major method of managing the four large species of kangaroo (Red, Euro,

Eastern and Western Grey) to contain their deleterious effects on

agriculture.
Debate over the commercial harvesting of kangaroos has become

increasingly heated in recent years. Graziers claim that kangaroos have
increased in numbers due to the improved habitat available to them as a
result of dingo control, improved watering facilities and alteration of
the structure and composition of the pasture (Newsome 1971).

Some conservation groups are concerned that the long term viability
of the commercially harvested kangaroo species are threatened as a

result of commercial shooting.
To those involved in the commercial industry the shooting of

kangaroos for their meat and skins represents a livelihood which they
wish to retain and which they claim is the most efficient and practical
means of mitigating the financial losses incurred by landholders as a

consequence of kangaroos.

Survey
The extent of the deleterious effects of kangaroos upon pastoral

production has never been quantified. A recent survey of 300 graziers in
the pastoral regions of Australia was designed to ascertain graziers

perceptions and estimates of the economic effects of kangaroos upon
livestock production. The regions chosen for survey were the Gascoyne in
W.A., the N.W. Pastoral Zone in S.A., the Broken Hill and Wanaaring
regions in N.S.W. and the Longreach region in Qld.

Competition for Forage
The kangaroo density as estimated by landholders at the time of

survey, was calculated to be contributing to 23% of the total grazing

pressure exerted by domestic livestock and kangaroos (Table 1.).

Graziers were asked to estimate the increase in livestock carrying
capacity if the kangaroo population on their properties in 1984/85 was
halved. The estimated increase averaged over all respondents to the
survey was 5 -6 %, however, approximately 50% of the respondents did not
anticipate any increase in carrying capacity with less kangaroos on

their properties. The estimated increase in carrying capacity on those

properties anticipating a change was 9 -11% (Table 2.).

Competition for Water
In some parts of the pastoral zone there are times when water

availability, rather than fodder availability, limits livestock
production. During periods of shortage, water consumed by kangaroos
represents an economic loss to the landholder, as that water is no
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Table 1. Contribution of kangaroos to total grazing pressure

Region Estimated Sheep Kangaroo Grazing
Kangaroos /ha* Equivalents /ha Pressure ( %)

Gascoyne 0.02 0.08 25
N.W.Past. 0.01 0.07 14
Broken Hill 0.08 0.22 36
Wanaaring 0.06 0.24 25
Longreach 0.08 0.53 15

Av 23

* kangaroos/ha-converted to sheep equivalents /ha assuming 1 sheep = 1.63
kangaroos (Wilson and Harrington 1984)

Table 2. Estimated increase in livestock carrying capacity if the
kangaroo population was reduced to half

Season Averaged over all Amongst respondents
respondents (%) indicating an increase ( %)

Winter 1985 5 (n =203) 9 (n =101)
Autumn 1985 5 (n =201) 9 (n= 99)
Summer 1984/84 6 (n =202) 11 (n =100)
Spring 1984 6 (n =203) 10 (n =100)

longer available for consumption by livestock. Generally kangaroos have
a water intake approximately two -thirds of that found for sheep of
equivalent weight (Denny and Dawson 1975). Presuming an average kangaroo
liveweight of 35 kg and a sheep liveweight of 50 kg a kangaroo will
consume approximately 0.5 of a sheep's daily water requirement.

During periods of water shortage in the last five years
approximately 54% of graziers in the five regions had carted or pumped
water for livestock. Kangaroos were estimated to have consumed 9% of the
water pumped or carted for livestock in the Gascoyne region of Western
Australia and 33% of the water pumped or carted in the N.W. Pastoral
Zone of South Australia. The annual average cost-of pumping or carting
the water that was consumed by kangaroos was estimated to be $ 466 (Table
3.).

Table 3. Estimated average annual cost of pumping or carting water for
kangaroos during periods of water shortage

Region Properties
pumping or
carting
water ( %)

Est. % of
water
consumed by
kangaroos

Est. average annual cost
of watering kangaroos/
property pumping or
carting ($)

Gascoyne 31 (n=52) 9 51 (n=10)
N.W. Pastoral 74 (n =35) 33 1,259 (n=12)
Broken Hill 65 (n =63) 26 607 (n=25)
Wanaaring 43 (n =40) 25 238 (n_ 8)
Longreach 59 (n =52) 14 173 (n=17)

Av 466
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Some graziers from pastoral regions also indicated that water
shortages had resulted in livestock being sold, which could have been
held on the property if less kangaroos had been watering. In the N.W.

Pastoral Zone, 4% of the livestock carried over the last five years had
been sold due to water shortages which were aggravated by the prescence
of kangaroos on the properties. In other areas, livestock turnoff
because of water shortages ranged from 3% in Broken Hill to none in the
Gascoyne region.

Damage to Fences
Kangaroos significantly increase the costs of fence maintenance in

pastoral areas. Assuming labour costs of $60 per day, the average cost
of maintaining fencing damaged by kangaroos was estimated at

$6.70 /km /annum or $2,900 /property, in addition to the general fence
maintenance costs of $4,300. Forty percent of the total fence
maintenance costs in the pastoral regions surveyed were attributed to
kangaroo damage.

Effect on Management Decisions
Graziers were asked to indicate whether the prescence of kangaroos

on their properties affected their management decisions in specific
areas. Kangaroos were perceived to have an effect upon 70% of graziers
decisions relating to paddock spelling because they congregated on

destocked areas and thereby rendered spelling counterproductive. Eight
percent of graziers indicated that kangaroos affected their decisions
relating to land reclamation programs.

The survey included questions to estimate landholders perceptions
of the severity of the damage caused by kangaroos on their properties
relative to other wild species. Graziers were asked to rank the wild
species that constrained livestock production on their properties (Table
4.). In all regions kangaroos and blowflies were most frequently ranked
as the major constraints. Emus, dingoes, pigs, goats and rabbits were
selected less frequently as constraints upon livestock production.

Table 4. Ranking according to the perceived importance of wild species
in constraining livestock production (% of respondents)

Ranking
Species 1 2 3 >4 Not Selected

Dingoes 6 4 7 14 69
Wild Goats 3 6 6 20 64
Wild Pigs 6 13 12 10 59
Rabbits 3 6 9 20 63
Blowflies 33 24 13 13 17
Kangaroos 44 28 13 4 11

Emus 2 22 0 34 42

Kangaroo Control
Control of kangaroo populations through the commercial kangaroo

industry is achieved at minimal cost to the landholder. If the grazier
wishes to undertake additional forms of kangaroo control such as private
shooting, poisoning or exclusion fencing, however, substantial costs are
incurred by the landholder. Nine percent of graziers surveyed in

pastoral areas had erected kangaroo proof fencing on their properties at
substantial cost. If a professional shooter was unavailable, 77% of

graziers indicated that they would shoot kangaroos themselves. This
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would involve significant costs in terms of the labour, vehicles and
equipment.

Concluding Comments
The density of kangaroos, maintained at the current level of

kangaroo control, cause reductions in net property income. The reduction
in net cash income is perceived by landholders to be greater during
periods of below average rainfall, when competition for fodder and water
between livestock and kangaroos is increased. In these periods the
optimum amount of kangaroo control for a grazier to undertake may be
increased because the financial losses caused by kangaroos are more
severe. That is the landholder will find it economic to shoot, poison or
exclude kangaroos until the point where the costs of additional kangaroo
control are eqúal to the additional benefits from having less kangaroos
on the property.

In such dry years, the optimum amount of kangaroo control from the
graziers viewpoint may be more than either the number which wildlife
authorities allow to be shot or licensed shooters find economic to

remove from the property. The costs of commercial kangaroo shooting
increase with declining kangaroo density due to the increased search
time involved in finding animals of suitable weight.

A conflict of interest emerges between the grazier who would like
the kangaroo density minimized, so as to increase his financial returns
from domestic livestock; the professional shooter who wants a kangaroo
density which allows the shooting of large individual animals at minimum
cost and conservation groups which may prefer a kangaroo density greater
than would allow a viable grazing enterprise to be conducted.

In such a situation landholders may be required by law to maintain
a density of kangaroos greater than is optimal for the production of
sheep and cattle. Should then the landholder be compensated by the
taxpayer for the loss in livestock production? Compensation would
resolve the conflict of interest between grazier and conservation groups
which are identified as having preferences for different kangaroo
densities, whilst the financial consequences of the existing kangaroo
population only fall on the group of graziers.

If the value of kangaroo products increased it is feasible that
graziers may charge shooters for the privilege of taking kangaroos from
their properties. A financial agreement, per kangaroo shot, would allow
landholders to recoup some of the financial losses to livestock
production whilst retaining the density of kangaroos required by the
wildlife authorities. Alternatively if the value of wool and meat
increased graziers may pay professional shooters to encourage them to

shoot more of the kangaroo quota on their properties. This system would
allow the maintenance of a regional kangaroo density as required by the

wildlife authorities whilst enabling the reduction of kangaroo numbers
on the properties where they caused the most damage.
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Abstract

The NSW National Parks and Wildlife Service (NPWS) allows the
operation of a commercial kangaroo industry in order to mitigate
against the damage caused to agriculturalists and pasturalists by large
kangaroo populations. This paper examines the structure of the NSW
Kangaroo Industry, what limits the ability to take kangaroos from one
location and not another. The paper concludes how agriculturalists and
pasturalists can best influence the kangaroo industry and the NPWS to
better achieve their damage mitigation objective.

Introduction

The NSW NPWS is charged with the protection of all wildlife within
the State however four kangaroo species (1) are considered to have a
significant enough effect on agriculturalists and pasturalists activ-
ities to necessitate their control. In order to do this the NPWS has
set up a Kangaroo Management Programme within which the use of a com-
mercial kangaroo industry is the prime management tool by which the
deleterious effects of high kangaroo numbers numbers are mitigated
against.

All stages of the Kangaroo Management Programme are regulated by
the NPWS and in recent years some of its commercial aspects have caused
significant administrative problems for the NPWS which have been div-
erting its attention away from the primary aims of the programme. A
calaborative research project was entered into between the NPWS and
CSIRO to obtain reliable information on all social and economic aspects
of the management programme. This paper draws on the infirmation pre-
sented in a series of reports to the Service (Young and Delforce 1984,
Morris and Young 1985, 1986 and Young and Morris 1985) concentrating on
those aspects of industry functioning related to where and why kangaroos
are shot.

(1) The four species are - the red kangaroo ( Macropus rufus), the

eastern grey ( M. giganteus), the western grey (M. fuliginosus) and
the walleroo or euro (M. robustus). In this paper kangaroo refers
to these four species.
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The Kangaroo Industry

The structure of the NSW Kangaroo Industry is shown in Figure 1.
It is set up to represent the product flows, both meat and skins, illus-
trating how a kangaroo gets from the paddock to the market.

Kangaroos

I Licensed Trapper I

I Chiller Operator 1

Fauna Dealer Kangaroo
Wholesaler (M & S)
acting as a processor

. t
Fauna Dealer Kangaroo
Wholesaler acting as a
true Wholesaler

Fauna Dealer Kangaroo I

Wholesaler Ski only

[Skin Dealer)

Skin Market

i 41

\ Domestic Overseas

hterstate s.ppties

Fauna Dealer Kangaroo
Wholesaler Meat only

Rrnan
Consumption
Marlcet

hters°te overseas

Pet Food Market - -

Domestic Overseas

hterstate local

(M & S) Meat and skins

Figure 1. The New South Wales Kangaroo Industry.

The size of the markets for kangaroo meat and skins are the main
economic factors which limit the capacity of the industry when it is
necessary to take large numbers of kangaroos. The past NSW Kangaroo
Management Programme has not sought to maximise industry production and
thus has restricted the development of a larger pet meat market. Further
expansion of the market would require the development of a sustainable
supply system, which although achievable could bring it into conflict
with the aims of the management programme.

Skin shooting is the only way by which the industry could period-
ically take large numbers of kangaroos at a national level but the
demand for such skins is governed by the fortunes of a large internat-
ional tanning industry within which kangaroo skins play an insignificant
role. Moreover skin prices are not in any way coupled to Australian
climatic conditions nor the need to take large numbers of kangaroos.

Where /Why to shoot

The choice of property on which to shoot for on a particular
night is mostly based either on a system of regular property rotation
or a selection of the property perceived to have a high density of
accessible kangaroos that night. Most of those who shot on properties in
rotation did so either for logistic reasons or in an attempt to maintain
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good relations with all the landholders they serviced.

More than half the shooters surveyed attempt to husband the kan-
garoo populations for their own maximum long term benefit. This involves
either not shooting does with a visible pouch young; not shooting does
without visible pouch young; or not shooting does at all in the belief
that this will increase their incomes in the longer term. The most appro-
priate strategy for shooters may be different to that for landholders
seeking to minimise the effects of kangaroos on their incomes.

It should also be noted that most shooters give lower priority to
kangaroo shooting than to deriving income from other sources and that in
areas where economic returns to kangaroo shooting are low, shooters tend
to take only sufficient kangaroos to maintain their licences.

Chiller Placement

Perhaps the most important influence in determining the spatial
distribution of the take in NSW is the placement of chillers by Fauna
Dealers or their chiller operators. The 1985 location of Fauna Dealer
licensed premises, which includes chillers and processing works, is shown
in Figure 2.

Figure 2. Fauna Dealer Licensed Premises 1985.

Chiller Placement

Princlphr Promises / Boning Works

Chllbt Locations

All Fauna Dealers own their own chillers and through this can
effectively control the activities of all carcass shooters. The prime
motivation behind the location of chillers by Fauna Dealers was the
proximity to the supply of kangaroos or the availability of a serviced
town site, provided in both cases adequate shooters were available.

Fauna Dealers were asked if they would like to be able to move
their chillers about their zone without NPWS permission, six out of the
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eight respondents replied that they would. The study indicated that if
Fauna Dealers were given the ability to move their chillers about, they
would do so in response to high kangaroo populations with the qualific-
ation that shooters were available and an appropriate site could be found.
It is considered that the relaxing of chiller site controls would result
in a marked dichotomy of chiller types with well -established town sites
predominating and a minority of mobile chillers responding to localised
damage requests.

Conclusions

How can agriculturalist and pasturalists best influence the kangaroo
industry and the NPWS to better alleviate their damage mitigation
requests? Several courses of action are recommended:

- encourage the NPWS to relax controls on 'skin -only' shooting
particularly in those areas where it is uneconomic to take whole carcasses
and in those years where kangaroo populations are high.

- as the market limits the number of kangaroos taken in NSW agri-
culturalists and pasturalists should lobby for the removal of restrict-
ions on the selling of kangaroo meat in supermarkets and the like.

- there is the need for more scientific work to be done on the
actual effects and costs of kangaroos on agriculture and pastoral activ-
ities.

- the kangaroo management programme needs to be supported by agri-
culturalists and pasturalists. It is not politically feasible to
abandon it in favour of a "free market" unregulated programme.
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ABSTRACT
Feral pigs are widely distributed in Australia, having maintained and
increased their range despite extensive control efforts. They pose a
management dilemma because they are both a pest and a resource. These
values vary with place, time and observer. We review the socio- economic
and biological impact of the feral pig in NSW, and outline an alternative
management plan.
INTRODUCTION

Feral pigs pose a management dilemma in NSW because they are
simultaneously an agricultural pest, endemic and exotic disease hazard,
environmental liability, export commodity and recreational resource. The
relative importance of these attributes varies with location, time and
observer. In doing so, they give rise to conflict. In this paper we:

- outline the nature of this dilemma, by reviewing the
biological and socio- economic impact of the feral pig.

- present a management plan responsive to the diverse and dynamic
nature of the feral pig problem.

- specify ecological and economic data required to evaluate the plan.
DISTRIBUTION AND ABUNDANCE

To establish persistent populations, feral pigs require food, cover
and permanent water. Their present distribution reflects both the natural
occurrence of these resources and their provision by agriculture - the
inland rivers and associated floodplains represent excellent habitat for
feral pigs, and the provision of stock water and expanded cropping have
facilitated their colonization of rangelands and the western edge of the
grain belt.

It is probable that feral pigs spread through NSW in the same rapid
manner as European settlement ( Tisdell, 1982). Their primary
distribution has changed little during the last nine years of regular
surveys, ranging between 42% and 60% of the state occupied (H. Bryant,
pers. comm.). Pig abundance varies widely with resource availability - in
the Typha /Phragmites reed -beds of the Macquarie Marshes, Giles (1980)
estimated density at 50 pigs km -1, while much lower densities are typical
in tablelands habitats (Saunders, unpub. data).
BIOLOGICAL IMPACT

The agricultural impact of feral pigs is primarily a consequence of
lamb predation (Plant et al, 1978; Pavlov et al, 1981), crop damage (

Tisdell, 1982), and physical damage to pasture, fences and watering points
(Pullar, 1950; Hone, 1980; Tisdell, 1982). These impacts have wide
anecdotal recognition, but quantitative documentation is limited in both
scope and duration.

The impact of pigs on Australian flora and fauna has been the subject
of only two studies (Hone, 1980; Alexiou, 1983) that we are aware of.
This is both surprising and disturbing. This large, opportunistic
omnivore is present in more than a third of NSW national parks (H. Bryant,
pers. comma.). Pigs may have a range of effects on natural systems,
including : habitat destruction; competition; predation; erosion; and weed
and disease dispersal.

For example, rooting by pigs has been shown to have a number of
consequences in European and North American studies. It accelerates
organic matter decomposition (Jezierski and Myrcha, 1975) reduces
vegetative cover (Bratton, 1975) and decreases the availability of
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subterranean food for other species (Singer et al, 1984). Where rooting
is intensive, other native vertebrates may be eliminated (Singer et al,
1984). After surveying national park personnel, Tisdell (1984) concluded
that many of these effects were significant in Australia. Systematic
study of the impact of feral pigs on conserved lands should be a priority.
Until then, evidence for significant impact will be restricted to
anecdotal reports and extrapolation from overseas studies.
SOCIO- ECONOMIC IMPACT

Assessment of the overall economic impact of feral pigs involves a
trade -off of their costs : agricultural and environmental damage, together
with the costs of exotic disease prevention and control, against the
benefits : their commercial and recreational values and the flow -ons from
these activities. As Tisdell (1982) has noted, a cost- benefit analysis
would give a misleading impression of accuracy, given our present state of
knowledge, and would be based on a set of social principles not acceptable
to many. In other words, even if the figures were available, there would
be significant disagreement as to how they should be added.

Although cost- benefit analyses would be imprudent with present data,
it is important here to provide broad estimates of the economic impact of
feral pigs (Table 1). Because these impacts are essentially local
phenomena (O'Brien, 1986), which vary greatly in different locutions, our
estimates do not provide a decision making tool. Further, these figures
do not include any valuation of the cost of damage or control on conserved
lands.

Social aspects of feral pig damage, control and utilization have been
little studied. Feral pigs are the only dangerous game animal in
Australia, and are afforded special status by the estimated 100,000
hunters (Tisdell, 1982) that seek them annually.

Commercial harvesting of feral pigs is a recent, rapidly growing
industry. Pigs are trapped, dogged or shot, field dressed and processed
through game meat abattoirs. They are exported to European markets and
command high prices as `wildschwein'. During 1985, 123,566 feral pigs
were harvested in NSW and Q'ld. This industry provides income

CATEGORYa MEASURE VALUE SOURCE
Commercialization NSW and Q'ld, 1985 $12m /yrb G.Wilson, pers.comm.
Recreational Hunter's expenditure $5- 15m /yr Tisdell, 1982
hunting Aust., 1979
Damage Total agricultural $50- 80m /yrc Tisdell, 1982

loss Aust., 1979
Control 1080 use & helicopter $0.13m /yrd T. Korn, pers.comm.

shooting NSW, 1985
Exotic disease Estimated export $100m /month Gee, 1982
outbreak losses FMD outbreak

Aust., 1980
.a Does not include : quarantine; research and development; conserved

lands; forestry.
.b Estimated export value.
.0 Estimates from survey data.

d Direct costs only. This conservative estimate does not include :

labour; trapping; ground shooting or exclusion.
for harvesters, chiller (portable freezer) operators, processing employees
and exporting companies. The injection of funds into depressed rural
communities is particularly significant.

Feral pigs could act as spreaders and reservoirs of many exotic
animal diseases (Murray and Snowdon, 1976; Geering, 1981). Foot and mouth
disease is of particular concern. Its occurrence in a feral pig
population would hasten and complicate the spread of the disease, may
delay its detection and could make disease eradication expensive, time -
consuming or impossible. Difficulties in monitoring disease in feral pigs
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would complicate and delay declaration of disease -free status following an
outbreak, thus prolonging export restrictions. Gee (1982) estimated that
an outbreak of foot and mouth disease could coat Australia at least $100m
per month until 6 months after its eradication.
POLICY AND PRACTICE

In NSW, the Pastures Protection Act (1934) declares the feral pig a
"noxious animal ", requiring landholders "fully and continuously to
suppress and destroy" them. The intent and interpretation (King v. Tait,
69 Weekly Notes, page 157) of this legislation is to require of
landholders the ultimate elimination of noxious animals from their land.

In seems prudent to examine the historical achievement of this
requirement. Feral pigs have not been eradicated successfully in any
situation - whether regionally as a result of the ongoing conscientious
efforts of Pastures Protection Boards (Bryant et al, 1984), or locally
following intensive, sophisticated and expensive efforts applied during
the development of exotic disease contingency plans (Saunders, unpub.
data). The failure to eliminate feral pigs is a direct consequence of the
animal's biology. Because feral pigs have a high rate of increase,
numbers can return rapidly to pre -control levels unless population
reduction is in excess of 70% per annum (Hone and Pedersen, 1980; Giles,
1980). This intensity of control has rarely been achieved (Hone, 1983).
Even where technically feasible, it may not be cost -effective. Further,
feral pigs in adjacent inaccessible and untreated habitat will re- colonize
control areas over time.

It is with this background that we outline an alternative management
plan. Our intention is to integrate the need for cost -effective
agricultural damage and exotic disease control with the commercial and
recreational values of the feral pig.
AN ALTERNATIVE MANAGEMENT PLAN

The proposed management plan described here is based on the following
observations:

1. Feral pig populations have a very high capacity for increase.
This has two inter -related effects : (i) the duration of
significant population reduction after control is very short,
independent of the area of control; and (ii) high maximum
sustainable yields are possible for this animal.

2. Feral pigs are relatively sedentary. Consequently, we postulate
that local control (that is, control in the immediate vicinity of
a susceptible enterprise) will effectively reduce pig numbers
for a limited period.

3. Most damage is done to enterprises which are limited in area and
the amount of time they are susceptible. Thus, we suggest that
losses caused by feral pigs may be cost -effectively limited by
short -term, local control in the vicinity of the enterprise.

The management plan we propose for the feral pig would have four key
elements:

1. Local control and /or exclusion of feral pigs prior to and during
periods of enterprise susceptibility. The aim is to provide
cost -effective limitation of potential damage, by the
establishment of a pig -free "buffer zone" immediately around the
susceptible enterprise. The emphasis is on damage control, with
no attempt to achieve broad -scale animal control. A similar
approach is used in limiting damage by the dingo (Canis
familiaris dingo) in W.A. (Thomson, 1984). Exclusion and
elimination of feral pigs from specific conserved land is
consistent with this approach.

2. Commercial harvesting of feral pigs on a sustainable yield basis.
The aim is to harvest pigs on an on -going basis as a major
component of the game -meat industry. A 'mean strategy'
(Caughley, 1977) of harvesting is proposed.
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3. Availability of methods for effective exotic disease elimination
in the event of an outbFe-al in feral It is essential that
these methods can deal effectively with a disease outbreak in
feral pigs occurring at widely varying density and habitat types.

4. Recreational hunting of feral pigs. Recreational hunting is
endorsed, where it can be accommodated in terms of (1) -(3) above.

This management proposal requires specific information for its
implementation and evaluation. The research needs are:

1. Telemetry studies to determine accurately the time taken for
feral pigs to re- colonize following local control. Local control
will be useful only if its duration of effectiveness exceeds the
duration of enterprise susceptibility. Movement studies will
establish this and determine the optimum size of the buffer zone
to be treated by local control.

2. Development of safe, effective and economical means of local
control.

3. Determination of maximum sustainable yield. MSY will vary widely
with habitat and season. We propose that studies of the
population dynamics of the feral pig set mean strategy MSY for
specific habitats, and that these be monitored through the
relationship between effort and yield.

4. Effective techniques for exotic disease containment and
eradication.

5. Detailed cost- benefit analysis of local control.
CONCLUSION

Feral pigs are both a pest and a resource, although existing policy
and legislation do not reflect this ambiguity. The management plan
proposed here is one means of accommodating the diverse attributes of
feral pigs. Properly implemented, it could result in more effective use
of this animal and a net gain for all parties.

This plan requires considerable development and evaluation, which we
are unable to detail here. However, it relies on testable premises which
have been specified. It does not preclude the adoption of a variety of
existing or ,novel management plans, where situations dictate.
ACKNOWLEDGEMENTS - We thank H Bryant, G Wilson and T Korn for providing
unpublished data on feral pig distribution, harvesting and control costs,
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WATERBIRDS AND RANGELANDS - HOW DO THEY INTERACT?
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INTRODUCTION

The conservation of Australia's waterbird fauna presents an
interesting challenge. Only recently (Braithwaite et al 1985 a, b)
has there been an attempt to co- ordinate studies to achieve this end
but much remains to be done. I consider answers to the following
questions essential for effective conservation planning. These are:

1) What species do we have?
2) What is the range of each species?
3) What habitats within that range are used for each species? and how?
4) What are the components of those habitats that determine waterbird

use?

5) What effects those components?

Wetlands are the habitats on which waterbirds depend. Broad scale
surveys have identified key wetland areas in eastern Australia
(Braithwaite et al 1985 a, b; 1986) and some of the most important
of these areas occur within the rangeland zone. This knowledge has
revised conventional thinking concerning waterbird and wetland
distribution, and provided the stimulus for more detailed ground
work.

Wetlands are found in land which is temporarily or permanently
covered by fresh, brackish or saline water. They are not a clearly
defined land type but are characterised by the dominant influence
of moisture on their flora, fauna and soils (Briggs, 1983). Goodrick
(1984) identified eleven wetland systems in north -western NSW (see
figure 1 for area surveyed) based on areas with similar geomorphology
and hydrology and recurring patterns of landforms, soils and vegetation.

THE STUDY

In 1983 I began a study of waterbird use of five of these systems
on or associated with the Paroo River, aiming to answer questions
three and four above so that the National Parks and Wildlife Service
had some information for developing conservation strategies. Further
incentive was providedby the Western Division Select Committee (1983)
which recognised "the high significance of wetlands to the human
and natural environment of the arid Western Division. The Committee
beieves that wetland ecosystemsrequire greater attention from land
management bodies in order that their value and role can be better
understood and integrated into current land use in the Division ".
Conservation bodies such as the world Wildlife Fund have also made
wetlands a key issue for 1986.
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RESULTS

Unless the rangelands are seen in a wet year, it is difficult
to visualise the extent of wetlands. On the three 1:250 000 map
sheets that cover the study area wetlands occupied seven per cent of
the land surface.

Fifty four species of waterbird were recorded on the five wetland
systems between April 1983 and December 1985. Of these, eleven
species are listed as endangered under the National Parks and Wildlife
Act 1974, and many others are considered desirable such as the game
species by duck shooters and ibis by landholders. The interaction
between hydrological variables and plant distribution within each
wetland system determines what species of bird occur and what they do.
Waterbirds can survive in any habitat that provides food through a
combination of water depth and primary productivity. However for
reproduction the birds require nesting sites and it is óver these
sites that the potential exists for conflict. Table 1 lists the types
of nesting sites used by waterbirds in the study area.

Table 1

Nesting sites used and the number of species using each in the
study area

NESTING SITE SPECIES

Tree holes 4

Tree branches 11

Lignum (inside) 9

Lignum (outside) 6

Ground (islands) 9

Ground (other) 4

Floating vegetation 4

DETRIMENTAL LAND USES

In brief the possible human induced changes to land use that
may disadvantage waterbirds are:

1) Reduction in recruitment of trees (River Red Gum, Coolibah,
Blackbox, Yapunyah) by grazing and therefore long term loss
of nesting sites.

2) Ditto for lignum.
3) Burning of lignum to improve grazing potential, facilitate

mustering, reduce harbor of feral animals.
4) Clearing of trees and shrubs for cropping.
5) Cropping of floodplains and lakebeds, leading to a reduction

in soil fertility and waterbird food production.
6) Diversion of water to other uses that disadvantage wildlife.
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Of the five wetland systems covered by this study, two were used
for breeding - the Cuttaburra and Nocoleche systems. The Cuttaburra
system contains the distributary channels, waterholes and lignum
swamps of the Paroo River and Cuttaburra Creek. It is a mixture of
run -on channels and depressions, with or without trees but usually
with lignum. The Nocoleche system consists of small tree -lined
depressions in a sandplain. It is therefore these systems that are
most susceptible to impacts from grazing or cropping. Diversion of
water will affect all wetland systems.

Whilst we know that lignum and the eucalypts are used as nesting
sites by waterbirds, we do not know the precise characteristics that
make a nesting site. For example all lignum is not siú table. It will
be necessary to define the characteristics of a lignum plant that make
it suitable. Factors that are likely to be important are size, age,
site (as it affects water regime, soil type) and relation to other
lignum plants. Simultaneous population studies are required to estimate
recruitment, growth and mortality rates and to isolate the factors
responsible for each. This will by necessity be a long term study.
once these factors are identified, the implications of management
decisions can be better appreciated.
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ARCHAEOLOGICAL RESOURCES IN THE WESTERN DIVISION OF

N.S.W. - THE ISSUE OF CONSERVATION VS. LANDUSE

P.M. Clark

Rangelands Liaison Officer

Western Lands Commission

P.O. Box 363, BURONGA 2648

Introduction

It is a well documented fact that numerous archaeological sites containing

Aboriginal cultural material are scattered over most of western N.S.W.. They range

in complexity from simple used -once -only campsites to places of religious and

mythological significance. In chronological terms they document at least 40,000

years of Aboriginal occupation, and are internationally recognised as being an

important part of Australia's cultural heritage.

Unfortunately, archaeological Aboriginal material is a non -renewable resource,

and has in recent times become increasingly threatened by landuse. With careful

planning and a little foresight, much of this material can be saved from being

irreparably damaged or lost.

Archaeological Site Distribution

Aboriginal sites in western N.S.W. with the exception of areas that are of

sacred or religious significance to local Aboriginal people, can be readily

recognised by most people. However, it is easy for people with no archaeological

training to mistakenly assume (and they often do) that the distribution of sites

exposed on the surface in any one area are the only sites which exist in that area.

A peculiar feature of site distribution is that only a small proportion of

archaeological material is actually exposed on the soil surface at any one time.

The bulk of site material is usually covered with sediment, and remains covered

until it is exposed on the surface during soil disturbance. This may be caused by

either natural erosion or soil disturbing activities associated with modern landuse.

The environmental constraints which determined where Aboriginal people camped

and hunted in past times are largely the same as those which influenced the location

of the first European settlements. All human settlement regardless of race is

primarily focused on reliable water resources. There is a clear locational

correlation in western N.S.W. between archaeological evidence of Aboriginal

habitation and European settlement - both are near water.

The Western Division can be divided into three broad land systems for the

purpose of describing the nature and distribution of Aboriginal sites: the riverine

floodplains, sandplains, and stony country.

1. The Riverine Floodplains

This land system includes all areas which have been or still are inundated by

floodwaters. Specifically they include the Darling and Murray river systems, their

associated tributaries, and palaeochannels such as Willandra creek. Of outstanding

scientific significance are the many lake basins and lunettes located along these

watercourses which contain by far the largest number of Aboriginal sites.

Sites present on the riverine floodplains include:
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a) Sites of traditional significance to living Aboriginal people. These are often

associated with natural objects and localities such as waterholes and

geological formations. Site information is often of a religious nature and

Aboriginals are reluctant to have landusers interfere with such areas.

b) A diverse range of occupation sites. These include mounds, stone tool scatters,

fireplace remnants, and middens. The most common are unstratified surface

campsites which generally consist of one or two fireplaces and a small scatter of

stone artefacts. Thousands of these sites occur throughout the Western

Division. Of particular value are the sites in stratified sediments located

along river, lake, swamp and creek shorelines. These invariably contain

excellently preserved evidence of habitation spanning thousands of years. The

most outstanding examples are the Willandra lakes, Lake Victoria, and the Darling

Ana Branch lakes.

c) Burial grounds. These are located on most source bordering riverine sand dunes.

Many have been exposed by erosion or sand quarrying.

d) Scarred trees. These are the result of bark being removed for the production of

canoes, dishes, shields, and shelters. Many trees also exhibit foot and hand

holds which were used during possum, bird, and beehive hunting. Carved trees

were used as grave markers or for ceremonial purposes. Tree species include

River Red Gums, Black Box, Inland Grey Box. The densest concentration of scarred

trees occur in state forests and various river reserves. They are constantly

under threat from bushfire, timber cutters and sawmillers.

e) Stone quarry sites. These are located on or near outcrops of rock which were

suitable for the manufacture of stone artefacts. The riverine plains contain

isolated exposures of silcretes and fine grained siliceous rocks which were used

for making flaked implements such as scrapers, choppers, and microliths.

f) Fish traps. The most extensive example is the Brewarrina fish trap. These were

constructed on areas of rock outcrop along river channels.

2. Sandplains

This land system encompasses most of the western division and includes all

areas between the riverine floodplains and those areas which are stone covered such

as the ranges and stoney desert country in the north of the state. The sandplains

are generally flat to undulating, although large areas feature longitudinal and

irregular sub -parabolic dune forms. Numerous low lying ephemeral swamp areas are

scattered throughout. Whilst site diversity is much the same as in the riverine

areas, site density is much lower. Sites present on the sandplains include:

a) Sites of traditional Aboriginal significance.

b) Isolated burials and burial grounds.

c) A diverse range of occupation sites (similar to the riverine plains). The

highest concentrations occur around low lying swamp areas. Few sites have been

located away from reliable watering points.

d) Stone arrangements and ceremonial areas. Many of these areas have been recorded

but little is known about them.

3. Stoney Country



This area includes the rocky ranges and stone covered plains found mainly in

the north west of the Western Division. Sites present on stoney country include:

a) Areas of traditional significance to Aboriginal people - mainly associated with

ranges and waterholes.

b) Art sites which are both painted and engraved. These occur in areas containing

rock shelters and large flat areas of rock. Examples are Mootwingee and Mount

Manara.

c) Stone arrangements. Abundant on the stone covered areas of north west N.S.W..

d) Stone quarry sites in the rocky ranges. Sandstone was used for manufacturing

grindstones, river rolled pebbles for hammerstones and anvils, volcanics and

metamorphics for edge -ground axes, and fine grained siliceous rocks for flaked

implements. Stone was traded hundreds of kilometres from these source areas.

e) Many occupation sites - mainly located near waterholes.

f) Isolated human burials.

Causes of Aboriginal Site Exposure

The disturbance and exposure of Aboriginal sites is caused by one or both of

the following processes.

1. Natural Erosion.

This includes deflation hollows on sand dunes, sheet erosion on lunettes and

flat sandy areas, gullying along areas of steep gradient, and scouring along

watercourses. Wind is the most significant erosive factor effecting the movement of

light textured sandy soils. Run -off has a more pronounced effect on heavier

textured clayey soils, particularly on sloping areas.

2. Landuse

Landuse activities in the division which necessitates soil disturbance are

having a significant effect on buried archaeological material. The problem areas are:

a) Mechanical land clearing and cultivation which involves pulling and raking of

vegetation. This causes extensive disturbance of upper soil horizons and is

especially a problem in areas close to naturally occurring water resources.

b) Overgrazing and the trampling effects of livestock traffic. This results in

denudation of rangeland vegetation and thereby accelerates erosion. It is

particularly a problem around livestock watering points.

c) Earthworks. This includes road, fence, building, power line, tank, and drain

construction. It frequently occurs in areas which have a high density of sites.

Sand quarrying in river edge sand dunes is a problem when and where it uncovers

Aboriginal burial grounds.

d) Site visitation. The activities of people walking across archaeological sites

often has detrimental effects. Material is collected, moved, and destroyed. The

larger and more easily recognised Aboriginal artefacts are unfortunately still

being illegally collected.
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Management and Conservation

There is no simple solution to the effective protection and conservation of

sites containing Aboriginal material in western N.S.W.. A significant amount of

disturbance could be avoided by education of landusers as to the likely whereabouts

of Aboriginal sites and by careful advance planning of land development by

government authorities. By far the greastest amount of site damage is being

unknowingly carried out.

Considering that there are numerous buried and important non -visible Aboriginal

sites in western N.S.W. it is essential that the responsible land management

authorities and individual landusers control site disturbance activities in areas

which are certain to contain them. The following is a list of points which bear

consideration by land managers and landusers alike.

1. All Aboriginal sites are a part of Australiats cultural heritage and constitute

a non -renewable resource. All are protected by law under the 1974 N.S.W.

National Parks and Wildlife Act. Some such as those encompassed by the

Willandra Lakes World Heritage Area are of international significance.

2. Before soil disturbance of a major nature is permitted or undertaken in an area,

a check should be made for the presence of known Aboriginal sites. This

information can easily be obtained at short notice from the N.P.W.S. central and

regional site registers. It may be necessary in some instances for

archaeological surveys to be carried out before development proposals are

put into effect.

3. Absolutely no landuse activities involving soil disturbance should be undertaken

on lake lunettes or source bordering riverine sand dunes without first being

subject to an Environmental Impact Statement. The closest soil disturbance

should be permitted to these areas without an E.I.S. is 300 metres from the

base of lunettes and 100 metres from the base of riverine sand dunes.

Similarly, landuse involving major soil disturbance should not be undertaken

closer than 300 metres on the landward side of the upper banks of rivers,

creeks, palaeochannels, and low lying swamps. The bulk of archaeological

material is usually located in such areas.

Site conservation measures of this nature have recently been promulgated in

Western Lands Commission clearing, cultivation, and quarrying licence issuances.

4. Conservation of scarred trees is a unique problem. They will not last

indefinitely. Forested areas containing them should be grazed (but not

overgrazed) to minimise the risk of bushfire which is the single worst agent of

disturbance and destruction. Harvesting of millable timber from these areas

should be carefully carried out and care taken not to fell scarred trees.

5. Tourism and visitation to Aboriginal sites should be discouraged. Considerable

damage can be caused by people not familiar with the fragile nature of

Aboriginal material. Carefully selected sites should be developed for public

interpretation.

By far the greatest hope for archaeological site conservation rests with the

individual landuser, specifically with those who disturb the structural integrity of

the soil. Careful management of sites does not necessarily rest with government

agencies. If people are informed of the nature and value of the resource, and are

encouraged in a positive management environment, the resource should survive for the

benefit and appreciation of future generations.
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CENTRAL AUSTRALIAN HORSES, CATTLE, PASTURE AND WATER

D. McK. Berman and P.J. Jarman, Department of Ecosystem Management,

University of New England, Armidale, N.S.W. 2351

There are an estimated 200,000 feral horses in the Northern

Territory of Australia (Bowman 1985), many of which inhabitat land which

is valuable for cattle production. It is a common assumption that feral

horses depress cattle production in the Northern Territory by removing

valuable forage. However, those associated with the horse -meat industry

consider feral horses a valuable resource (Synnot 1983) in combination

with cattle or as an alternative in areas unsuitable for cattle.

In early (April -May) 1984 the Conservation Commission of the

Northern Territory aerially surveyed the Alice Springs pastoral district

counting cattle and horses, and recording environmental factors . Both

cattle and horses avoided the sand -dune spinifex country. Horses were

positively associated with hills and cattle were positively associated

with grassy plains (Bowman 1985). The preference shown by horses for

hill country appeared to separate them effectively from cattle at the

time of the survey. If that distributional difference were persistent,

then horses might be a viable alternative stock to cattle in hill country.

Horses and cattle were, however, associated with each other on non -hilly

country. It may not be profitable to run horses and cattle together on

flat country. The relatively coarse -grained aerial survey covered a very

large area (388,000 sq km). It was necessary therefore to study the

habitat use of horses and cattle in finer detail and in conjunction with

analyses of diets.

This paper reports a study conducted to determine the degree of over-

lap in habitat use and diet between horses and cattle in Central Australia.

The Study Area

Horses and cattle were studied on 120 sq km of a cattle station 100 km

north -east of Alice Springs. The area was chosen since it represented

many of the vegetation types characteristic of areas where horses and

cattle occurred in high densities at the time of the aerial survey (Bowman

1985), and typical densities of both species were found there. The

vegetation types were broadly described, on the basis of topography and

dominant plant association, as: riverine, gilgaied plains, low hills,
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mulga with perennial grasses, and rugged hills. The permanent watering

points in the study area included three bores, a dam and a spring.

The Distribution of Stock

The distributions of horses and cattle were monitored for an 18-

month period (1984 -5) through regular patrolling of transects, by vehicle

along existing roads and fencelines, and on horse -back over rough terrain.

Rainfall in the summer of 1983 -1984 produced most of the pasture growth

used by stock during the study period. When systematic transects were

started in June 1984 there was still apparently abundant pasture every-

where for horses and cattle, and both species were found on the gilgaied

plains and low hills within 4 km of permanent water. By December 1984

most of the palatable grasses had been grazed down in the low hills and

gilgaied plains, and cattle were using the river flats more intensively

while horses had moved into the rugged hills. Both species were still

using pasture within 4 km of water (average distance about 3 km).

The cooler weather of winter 1985 allowed both horses and cattle to

graze further from water; average distances were about 5 km for cattle

and 6 to 7 km for horses. As temperatures rose at the end of winter

1985, the distance travelled from water was restricted by the need to

drink more frequently, and cattle began to use the rugged hills within

3 km of water, country which had already been used for some months by

horses. Horses grazed further and further into the hills, walking more

than 8 km from water. Both species declined in condition.

Spring rains allowed germination and growth of many palatable grasses

on the river flats, and gilgais. Horses and cattle quickly took advantage

of puddles for drinking water, and grazed in areas normally out of reach

of water. As the puddles dried, the stock returned to the riverine pasture

close to permanent water to graze on the new growth.

The ranges of country used by horses and cattle overlapped almost

completely if the whole cycle was considered, although for much of the

time the two species were largely separated by their choice of habitat.

Vegetation

Point transects were conducted to monitor changes in herb cover and

height at vegetation sampling sites which represented low hills, gilgaied

plains, and riverine flats. The dominant grass of low hills was

Enneapogon sp. which is palatable and nutritious. The Astrebla sp.
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of gilgaied plains is of medium quality and Aristida browniana which is

the dominant riverine grass has low nutritive value and is unpalatable

(Wilson pers. comm.). For each vegetation type five sites were selected

at different distances from permanent water, ranging from 0 to 9 km.

There were significant relationships between distance from water and

cover for Enneapogon and Astrebla early in the study and then for Aristida

browniana after an extended dry period. As horses and cattle graze they

reduce the herbaceous cover and height. Immediately after rain grazing

occurs close to water and therefore herb cover and height are reduced in

such areas first. Pastures dominated by certain grass species (especially

Enneapogon) are preferred and are used first, whereas pastures dominated

by grasses such as Aristida browniana are left until later.

Dung counts at the vegetation sampling sites indicated that horses

were mainly responsible for the removal of Enneapogon from the low hills

and cattle appeared to have been the species which removed most of the

Aristida browniana from the riverine flats.

Diet

Faecal samples were collected regularly. Microscopic identification

of epidermal fragments of grasses in faecal samples from around one bore

showed that both horses and cattle initially had a high -quality diet

consisting mainly of Enneapogon sp. However, cattle then increased their

intake of non -grass material and Aristida, and decreased the proportion

of Enneapogon sp. as conditions deteriorated. In contrast, horses main-

tained a high level of Enneapogon, presumably by walking long distances

or grazing in the hills.

Horses generally appear to take a greater proportion of Enneapogon

leaf than did cattle.

Management

Horses and cattle appear to prefer similar diets and feeding habitats,

but are ecologically separated mainly in instantaneous choice of habitat

and thus pasture type, and to a lesser extent by differences in plants

and plant parts that they eat. A major factor underlying their separation

through differences in habitat used seems to be the ability of horses to

range further from water than cattle.

The results of our study suggested that, where horses and cattle run

together, horses may reduce cattle production by removing first the most

valuable forage,forcing cattle to select a poorer quality diet, and
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leaving them with no drought- reserve fodder. Running horses and cattle

together on flat land seems unwise unless their market prices are

similar, which is very unlikely. It may be viable to run both species

in a paddock where there are hills as well as flats, or few watering

points; however, strict management of stocking rates and perhaps

alternate stocking of horses and cattle would be required for success.
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Abstract

Following a detailed investigation into the New South Wales Kangaroo
Industry and the National Parks and Wildlife Services' Kangaroo Manage-
ment Programme several major changes were recommended to the National
Parks and Wildlife Service in order to improve the effectiveness of the
programme.

Introduction

The current NSW Kangaroo Management Programme has been under consider-
able evaluation over the past years culminating in a report to the NPWS
which recommends major changes to the existing programme (Young and
Morris, 1985).This paper outlines some of the more significant changes
recommended to the Kangaroo Management. Although the changes are dis-
cussed separately the overall functioning of the programme represents an
interaction between the kangaroo industry and the NPWS regulatory mech-
anisms and the dynamic nature of the kangaroo populations themselves.

Entry into the Industry

Open access to any common -property resource, whether it be a fish pop-
ulation, an area of grazing land or a kangaroo population results in
operators continuing to enter the industry until a bionomic equilibruim
is reached. This usually only occurs after intensive competition for
resources and usually only after a substantial decline in the status of
the resource being used. In the academic literature this phenomena is
known as the "tradgedy of the commons ". The allocation of property
rights through licences, quotas, etc. is a method of preventing this in
that it restricts entry to the industry and enables those who are al-
ready in it to invest and take a long term, rather than an exploitive,
view of their activities. The long term interest created by restricted
entry also establishes a regulatory system which makes it in the best
interests of all legal participants to at least appear to be complying
with regulations. The system facilitates management.

Open competition between fauna dealers and also between shooters in any
one area would discourage investment in the industry, encourage over
shooting as fauna dealers compete for available kangaroos and remove any
incentive for professional shooters to husband the kangaroo population.
Each would perceive that any kangaroo left would be, taken by another.
The disadvantages of an exclusive area system are twofold. Firstly,
shooters agrue that the lack of competition enables fauna dealers,
through their monopsony powers, to pay them less than the market price
and also exploit them unfairly through a series of other trade practices.
This creates substantial administrative and political problems for ad-
ministrators. Secondly landholders are disadvantaged because a fauna
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dealer and associated shooters may choose not to shoot kangaroos on his
property, prefering to either take kangaroos from another property or
even another zone. At times this latter problem has only been solved by
the Service placing pressure on fauna dealers to take kangaroos from a
particular area (sæ Fauna Dealer Report). Not only does this force the
Service to interfere with and manipulate commercial aspects of the in-
dustry, but it is also incompatable with the programme's aim to contain
the deleterious effects of kangaroos on production.

The presence of two fauna dealers in an area overcomes the above disad-
vantages by giving shooters an alternative dealer to supply and land-
holders another fauna dealer to approach when their traditional
shooter is not prepared to take kangaroos from the property. This two
fauna dealer óption introduces restricted competition, but also allows
the development of long term relationships between fauna dealers, land-
holders and shooters. The addition of a third fauna dealer to an area,
however, would bring no additional benefits and may encourage over-
shooting.

Allocation of the Quota

It is recommended that each primary fauna dealer be allocated an annual
maximum quota for each area in which they operate.

The most efficient and effective way to allocate the quota is to issue
rights to purchase a maximum number of royalty tags from the Service
every six months. It can be achieved by issuing each primary fauna
dealer with a preliminary right to purchase a maximum number of royalty
tags on the understanding that they should expect this maximum to be
revised in advance of every six month period. These review periods
should be timed to allow the Service to take maximum advantage of the
information obtained from aerial surveys. Consequently, it is suggested
that review periods should run from April to September and October to
March. This would, however, require a change in the method of allocation
of state quotas by the Federal government. The preliminary right should
be known as a Preliminary Maximum, the proportion by which this is ad-
justed the Population Review Factor and the actual number they are en-
titled to buy the Allocated Maxima.

Within any area the Population Review Factor should by determined after
considering

annual aerial population survey estimates;
ground survey estimates from NPWS field officers;
prevailing and expected climatic conditions;
the extent of prevailing and expected impact of local kangaroo
populations or production;
the number of kangaroos which landholders are expected to want to
shoot and not sell for commercial purposes;
the viability of the polulations as indicated by mean carcass
weights and other related catch -effort data; and
the number of kangaroos taken in the previous six months;
but not the viability of the industry.

Upon the introduction of this system each fauna dealer's Preliminary
Maximum should be half of the greater of either the average number of
kangaroos taken for commercial purposes over the last three years or
15,000 kangaroos. An initial Preliminary Maximum of at least 15,000 over
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all the areas that a primary fauna dealer is licensed to operate is
suggested so that in most circumstances after the adjustment to allow
for the status of the population and other related factors at least
7,000 kangaroos would usually remain for the fauna dealer to take on an
annual basis.

Within any area, the Polulation Review Factor should be applied uni-
formly to all dealers without consideration of its effects on their
viability. To remove the need for the Service to become involved with
fauna dealers aspirations to expand the size of their operation all
royalty tags and Preliminary Maxima should be fully transferable be-
tween fauna dealers within an area provided only that no fauna dealer
obtains more than 75% of the Preliminary Maxima for one area in the one
interest and no more than two fauna dealers acquire rights to operate
in the area. If only one of the licensed section 124 wishes to hold a
preliminary maxima for an area, the remaining 25% should be offered for
tender to other section 124 licensees. Dealers who wish to take more
kangaroos within an area should be told that the Service is not inter-
ested in the commercial aspects of the industry and advised to make
private arrangements with other dealers and acquire royalty tags from
them. Market forces should be left to determine which group of appro-
priately licensed persons take the kangaroos from each area. The Ser-
vice's sole concern should only be that kangaroos are taken by licensed
people, that a valid royalty tag is attached to each carcass taken and
that the number of kangaroos taken is limited to that necessary to con-
tain their deleterious effects on agricultural production. If it or any
other body begins to control the commercial aspects of the industry's
operation then it must expect to be continually lobbied by aggrieved
and aspiring parties and no matter what decision it makes periodically
it will be accused of corruption.

Table 4.1 provides a worked example of the way Allocated Maxima would
be calculated.

Takla 4.1. e...pl.s of calculations nee a..ery to derive Preliminary Maxima.

Population Review Factors and Allocated Maxima.

Backgrotm4 Intonation:

fauna Dealer A. Previous 3 years take 50,000, 75.000
85,000 ge take 70,000 (both red and grey)

Preliminary Maximin 70,000 which for
6 months is 35,000 "

fauna Dealer B. New dealer

Preliminary Maximus 10.000 ) which
for 6 months is 5,000

Total Preliminary Maximus 40,000

Annual maximum quota determined from population survey and after
obtaining approval from federal Minister 60,000

Preliminary six month maxis., quote (before adjusting for local
conditions) 30,000

Allocation Procedure.)

(I) IDitisl P.R.F. s 30,000/40,000 a 0.75

(2) Adjust for local conditions e.g. drought lower by 5>t

(3) Allocated aexieua to each fauna dealer

Preliminary Allocated
Max. (6 th.) P.R.f. Maxiau

faun Dealer A. 35,000 x (0.75 -0.05) 24,500

Fauna Dealer B. 5,000 (0.75 -0.05) 3.500

Maxine number which say be taken from area 28,000

(4) Thus procedure is then repeated for the next six month period.

la) It is assumed that a fauns Dealer ben obtained a licence to operate in

two &rear with preliminary maxima 10,000 in one area and 5,000 in the

other.

tai The allocation procedure is done at the beginning of each al. month period.
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Other Major Recommendations

Other major recommendations arising from the study include:

that zone boundaries be modified so that they follow NPWS
administrative district boundaries.

that fauna dealers be free to locate and move chillers in a zone.

that section 121 occupier's tags only be required when (a) a
landholder wishes to shoot kangaroos and not purchase royalty
tags; or (b) when a special endorsement to skin shoot is ussued.

References

Young MD and GJ Morris The Economic and Administrative Influences on
Kangaroo Management in NSW. Final Report. (to be published by the NPWS
late 1986.)
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FERAL ANIMAL CONTROL

CENTRAL AUSTRALIAN PARKS & RESERVES

N. Preece
Conservation Commission
P.O. Box 1046
Alice Springs NT 5750

The Area

The slice of Central Australia covering 390,000 sq. km
contains the magnificent scenery of the MacDonnell Ranges
complex. The Conservation Commission has twenty Parks and
Reserves, mostly located in the Ranges.

As well as the management of Parks and Reserves, the
Conservation Commission is responsible for feral animal
control throughout the Territory.

The Problem:

In the area described there are some
82,000 feral horses
11,000 donkeys
16,000 camels
rabbit infestations throughout the region

These animals, particularly the horses, are concentrated in
the range country where the parks are found.

In Parks dedicated to the protection of habitat and native
species, high concentration of feral animals can be a
problem. They compete for food, they foul waterholes, and
destroy vegetation and soil structure.

It is necessary to fence, to effectively remove these
animals from the parks.

Costs

Costs of fencing have risen from $1700 per km. in 1984 to
$3,000 per km. in 1986, and up to $3,700 in difficult
terrain.

The fencing programme is well underway. $450,000 has been
spent over the past three years on fencing Parks and
Reserves in Central Australia. Over the next five years
another $1 million will be needed to complete the programme.



Methods

To overcome the particular problems of fencing across
watercourses, in shallow soils in range country, and across
sand dunes, a range of fence types has to be used.

Once the Parks are fenced, cattle are removed by mustering
where feasible, and by culling for which the most effective
and humane method developed to date is to utilise
helicopters for mustering and shooting.

REFERENCES
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Aerial survey of horses and other large animals in the Alice
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HOLISTIC RESOURCE MANAGEMENT

Bruce Alchin, Western Lands Commission of NSW, Box
4351, G.P.O., Sydney 2001.

The author attended a Holistic Resource Management Course
in the U.S.A. The material presented at the course
stimulated a critical overview of current approaches to
rangeland management.

Holistic Resource Management (HRM) is a concept of land
management which seeks to develop a balanced equilibrium
between the land resource, animals (domestic and native)
and economics. This approach emphasises the inter-
relationships between factors affecting the equilibrium.

One of the main proponents of HRM as an entity is Alan
Savory. Although Savory (1984) views the concept as
applicable to all spheres of natural resource management,
it is in rangeland management that HRM has been considered
most widely.

Criticism of Single -Discipline Approach

Rangelands research and advisory services have tended to
follow single discipline approaches. This often results
in pastoralists, etc. receiving advice from a particular
perspective which does not take the whole system into
account. Unfortunately, departmental divisions often
perpetuate this problem.

Although "specialists" are essential, it should b.e ensured
that their work is integrated, at all stages, into the
whole range management situation.

It is the shortcomings of the single -discipline approach
which partly stimulated the HRM concept.

Rangeland Deterioration

Savory considers that deterioration in rangelands has been
the result of the lack of recognition of:

(i) The difference between "brittle" and "non -brittle"
environments.*

(ii) The importance of grazing period over livestock
numbers.

(iii) The role of ungulates.

(iv) The holistic approach.

*A "brittle" environment was defined as "An area
where there are prolonged periods of the year with
conditions adverse for good plant growth ". This applies
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particularly to the semi -arid and arid areas. A "non -
brittle" environment was described as the converse of a
"brittle" environment.

The HRM Model

A model has been developed to visually present all the
factors in the HRM concept - see Figure 1.

.., HOLISTIC RESOURCE
MANAGEMENT (SGM) MODEL

GOAL
PRODUCTION AND LAND DESCRIPTION

Succession

ECOSYSTEM BLOCKS

Water Cycle Mineral Cycle Energy Flow
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GUIDELINES
Economic U.

Wools mow Cause Bd. Tan. Smock Herd Ai.- mana' Opa. &ro-
Eco- lank EHeu Ran Cram Densa Effect ioedy Reaction u. my
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leap Canal
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Grazing Management

HRM involves a unique approach to grazing management that
is based more on the time a particular area is grazed than
on animal numbers. This approach aims to maximise plant
growth by stimulation from grazing and then allowing as
long a rest as possible for regrowth.

Savory has detailed several definitions and descriptions
of terms as a background to his concept. These
definitions provide a clearer understanding of the
application of HRM. The main definitions are summarised
below:

HRM "...managing all the resources in any terrestrial
ecosystem....to produce a desired goal.... ". Savory added
the interesting comment that HRM need not involve any
livestock or fencing at all but could be used solely as a

basis for analysis and /or management of a resource. He is
adamant that it is not a grazing "system".

Growth Rate -Controlled Grazing /Trampling: The control of
grazing and trampling on the basis of.... "time on and time
off the land relative to daily plant growth rates so that
overgrazing and soil trampling is reduced to a minimum."
The point was made that this is essential only on
relatively small paddocks - not on larger areas where
rapid return to grazed plants is a physical impossibility.

Grazing Cell: " An area of land which is planned for
grazing management purposes, normally as one unit to
ensure time control. In its most common form a grazing
cell is divided into smaller units of land (paddocks) by
radiating fences from a central point ".... However, it can
"utilise any design of fencing and shape of paddocks ".
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Mature Capping: "A soil surface on which primitive
succession has proceeded to the level of an algae, lichen
and /or moss -dominated community."

Immature Capping: "Bare, exposed soil on which there is
no visible sign of successional movement."

It is the appearance of the "capping" that partly
determines the decision on grazing management.

Animal Impact: The impact of animals is particularly
important in HRM. The break -up of soil crusts by animal
impact is important in maintaining viability of the
"Ecosystem Blocks ", particularly "Succession ". "Herd
Effect" can be promoted by the use of strategically placed
attractants.

The role of the animal is seen as essential to maintain
the land resource in optimum condition. However, the
application of this principle is unique to the particular
environment.

There has been criticism of Savory's approach to the "herd
effect" on the basis that it is not based on research.
His reply to this is that factors such as herd effect
cannot be researched in isolation from the whole system.

Savory states that far more damage has been done to
US rangelands as a result of overest. He considers most
ranches to be "understocked and overgrazed ". On that
basis he usually recommends increasing stocking rates
where conventional grazing is changed to HRM based
grazing.

Grazing per se is seen as beneficial to plant growth.
"Neither frequent nor severe grazing are harmful - but
frequent and severe grazing cause overgrazing....frequent
grazing can be curbed by the control of time. The control
of time must be based on plants which have been severely
defoliated during growth, and not on the general
appearance of a paddock ". It is this latter approach that
forms the basis for Savory's grazing management under HRM.
On arid rangelands rest periods between 30 and 90 days are
recommended when plants are growing actively. Grazing
periods are planned to match plant growth rates and to
minimise overgrazing and livestock stress. Whatever the
situation rest periods must be adjusted as far as possible
to ensure that previously defoliated plants are not
overgrazed through inadequate rest.

When the plants are not growing actively the determination
for grazing and rest periods can be based on requirements
other than plant growth rate. However, plant persistence
must be taken into account.

Planning is an integral part of the HRM approach to
grazing management. The HRM approach demands an increase
in managerial skill, which has it's own inherent benefit.
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Range Condition

The term range condition is not appropriate to HRM.
Savory considered that it focuses on only one aspect and
he prefers to describe sites in terms of ecological
succession. He states that it is more realistic and
usually more economic to aim for a change in succession
rather than range condition. On this basis he viewed the
whole ecosystem as more important than an individual
species (e.g. indicator species).

General Comments

Savory's approach to rangeland management has usually been
highly acclaimed or vehemently criticised. However, much
of the criticism appears to be directed to concepts that
Savory no longer holds to rigidly (e.g. "Wagon Wheel" lay-
out of paddocks). Nonetheless, this author viewed
successful ranching operations in the USA which had
implemented the HRM.

Much of the thrust of Savory's approach is based on
decision making being based on all the factors involved.
In the Australian context there would appear to be a need
to acknowledge this approach. This.is beyond the
multidisciplinary approach and requires individuals,
regardless of their specialisation, to ensure that their
research, advice, practice, etc is appropriate to the
whole system being considered.

In consideration of the application of HRM to grazing
management, the results in other countries indicate that
it is a viable alternative to more conventional grazing.
It is suggested that it would be particularly applicable
to improving degraded areas and to maximising productivity
of high value sites. Although each property has to be
considered individually, the fact that HRM and the
associated grazing management has been used on large
properties overseas, indicates that it would be quite
applicable to Australian rangelands.

In conclusion, it is proposed that the HRM concept should
be given serious consideration for Australia's rangelands
as an analytical tool with which to approach resource
management for conservation and production.

References: Savory, A. (1984). Holistic Resource
Management Course Notes. Albuquerque, New Mexico. U.S.A.

Acknowledgements: Attendance at the HRM course was
financed by the Aust. Wool Corp. whilst the USA study tour
was under a Winston Churchill Fellowship.
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MOUND SPRINGS : AN HISTORICAL AND PRESENT DAY EXAMPLE

OF MULTIPLE LAND USE IN ARID SOUTH AUSTRALIA

C.R. Harris, A. Johnson and S. Lewis

S.A. Department of Environment & Planning
55 Grenfell Street, Adelaide, S.A. 5000

Mound springs are natural outlets for the waters of the Great Artesian
Basin - surface manifestations of one of the largest artesian basins in the
World (1'.7 million km2). Many of the 1700 mound spring outlets recorded
occur along the margins of the Basin while others occur as inliers within
the Basin (see Fig. 1).

The waters of the springs are relatively high in dissolved solids, with TDS
values ranging from below 2000 mg /L for Dalhousie springs to about 8000
mg /L for some of the springs south west of Lake Eyre. Chemical
precipitation of dissolved solids (particularly carbonates) along with the
physical deposition of particles from the aquifers has resulted in the
formation of the characteristic cones or mounds. Recent aeolian sands and
organic debris have added to the general build-up of the mounds. The
current estimated flow from all mound springs in Australia is 1500 L/s
(Habermehl, 1982).

An overview of the springs' biological components is provided in Table 1.

A feature is the large percentage of species that are endemic, rare or
uncommon or that have disjunct populations. Of particular floristic
interest is the aquatic plant Eriocaulon carsonii which appears to be
restricted to only three or four mound spring localities. Other species,
such as Gahnia trifida (cutting grass) and ,Machaerina juncea (bare

twigrush) are normally associated with wetland areas hundreds of kilometres
away in southern Australia. A corresponding situation exists with the

fauna. Three endemic species of fish have been recorded, along with
several endemic species of aquatic snails, known as hydrobiids.

With their assured water supply and great natural beauty, the springs were
of considerable utilitarian and mythological importance to local Aboriginal
tribes such as the Kuyani, Arabana and Southern Aranda. European
exploration and development of the interior of South Australia in the
1850's and 1860's was heavily dependent upon the mound springs.
Subsequently the springs were key factors in the siting of the Overland
Telegraph in the early 1870s and the Central Australian Railway, opened to
Oodnadatta in 1891.

Pastoral development of the region closely followed the early exploration
activities. For the first two or three decades of pastoralism, the spring
flora and fauna remained relatively unmodified. Conscious of the need to

prevent stock being bogged in the springs and to avoid trampling and
fouling, the early pastoralists fenced off many of the key springs, often
piping water to troughs outside of the fenced areas. However, a major
change occurred from the 1880s when the first bores were sunk to tap the
vast resources of the Great Artesian Basin. With the establishment of

these alternative watering points the importance of the mound springs to

the pastoralists has greatly diminished and the protective fencing has been
allowed to fall into disrepair. Cattle, horses and a variety of feral
animals have gained access and there has been serious degradation through
trampling, fouling and overgrazing.
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A second highly significant impact resulting from the sinking of bores ha
been a reduction in ground -water pressure, a drawdown effect which has

caused a dramatic reduction in the flow of many mound springs by more than

50% in some cases.

A further major factor which has emerged in the past decade or so is

tourism. Since the early 1970s there has been a marked increase in the

popularity and availability of four -wheel -drive vehicles. In outback South
Australia, the mound springs are inevitably key features of interest and

significant disturbance of springs and spring surrounds has occurred
through indiscriminate four -wheel -drive activity. As noted later, some
steps are now being taken to control this.

The remainder of this paper will concentrate upon an example of competing
resource utilisation in which mound springs feature centrally.

Olympic Dam Project

The South Australian Government has approved to this project, which
involves the mining, processing and sale of products from the copper, gold
and uranium deposits at Olympic Dam. Present estimates indicate the
Project will require 15 ML /d of water to be supplied from bores located in.

the Great Artesian Basin, while further expansion could see the
requirements reach 33 ML /d.

In October 1982 Roxby Management Services Pty. Ltd., acting as manager for
the venture, released a Draft Environmental Impact Statement. This defined
the location of a borefield to be used to supply water for the Project. It

also identified important mound springs in the vicinity and indicated that
these springs could be affected through reduced flows associated with the

draw -down effects of water extraction in the borefield. The sensitive
Hermit Hill springs, containing the rare plant Eriocaulon carsonii and

other important, features, were among those implicated.

Subsequent investigations by Roxby Management Services (1983) indicated
that the more significant springs near the borefield would not be as

seriously affected as originally predicted. In particular, a major fault
zone between the borefield and the Hermit Hill area was identified which
would buffer many of the springs against the draw -down effects. It is now
predicted that there will be no loss of species of flora and fauna or other
features which are not represented at other mound springs in the general
region.

Concomitant with this increase in community interest in the mound springs
has been a greater commitment to their conservation and management by the
State Government. In order to provide information as a basis for this, and
to enable the more localised Olympic Dam data to be assessed in a proper
context, the Department of Environment and Planning has completed studies
of the biological, Aboriginal heritage and European heritage features of

the mound springs. These studies have highlighted the many values of the
springs as summarised earlier in this paper, have enabled conservation
priorities to be assessed, and have given an indication of the sorts of

conservation measures which are needed.

In association with these investigations, and with funding support from
World Wildlife Fund Australia and the Australian Heritage Commission, the

Department of Environment and Planning has commenced a protective fencing
program at eleven mound springs. The fencing will protect the springs
against damage by stock and by off -road vehicles,. Interpretive signs are
to be placed at each of these springs and the effectiveness of the fencing
will be monitored.
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Summary

To summarise generally, the mound springs are extremely important features
of Australia's inland which have been focal points for wildlife and have
evolved distinctive populations of flora and fauna. Inevitably they have

. also become a focus for human endeavours in the region. The need for

conservation of the Springs is now being increasingly recognised and
programs are being developed and implemented by the South Australian
Government and others.
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Location of mound springs, northern South Australia. (From Harris, 1981)
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The role of seed banks in limiting the control of
Eremophila gilesii (green turkey bush) by fire.

D.M. Orr and M.T. Sullivan A

A QDPI, Charleville Pastoral Laboratory, Charleville Q. 4470
B QDPI, Brian Pastures Research Station, Gayndah Q. 4625

Abstract

Seed banks of Eremophila gilesii and perennial grasses were determined
from Acacia aneura shrubland near Charleville in an attempt to explain
measured changes in E. gilesii density following fire.

Total seed banks for E. gilesii were 1950 and 320 seed m-2 under and
between shrubs respectively. Only 8 and 7% of these total seed banks
germinated within214 days. Perennial grass seed banks were low, being
30 and 15 seed m under and between shrubs respectively.

The implication of these seed banks in limiting the control of E.
gilesii is discussed.

Introduction

The encroachment of woody weeds and the subsequent depression of pasture
yield is an almost universal problem in semi arid /arid regions.
Chemical methods of controlling woody weeds are generally effective but
their cost is prohibitive given the relatively low value of the land.
These considerations have led to an increasing realization of the
potential of fire as a means of controlling woody weeds (Hodgkinson et
al. 1984).

A program of experimental burning in the mulga shrublands of south
western Queensland has shown that mature bushes of the woody weed
Eremophila gilesii (green turkey bush) are susceptible to fire and that
the associated grasses are little affected (Pressland et al. 1984).
However, subsequent recordings at these experimental sites (Figure 1)
have indicated a large increas in E. gilesii shrub density at some of
these sites. This is believed to be attributable to seedling
recruitment.

The data presented in this paper examine the role of the soil seed bank
in maintaining the population of E. gilesii and examines possible
control measures.

Method

Two sets of soil samples were collected in August 1985 from an unburnt
area of Acacia aneura shrublaid with a mature E. gilesii shrub density
of 20 000 to 30 000 shrub ha . This area was adjacent to an
experimental burning site (Pressland et al. 1984) on "Maxvale"
approximately 30 km north west of Charleville. One set of soil samples
was collected from beneath the canopy of mature E. gilesii bushes while
the second set was collected from between the bushes. Each set of soil
samples comprised 15 individual samples from an area 12 x 12 cm to a
depth of 2.5 cm.
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All seeds of E. gilesii were removed from individual soil samples by
passing each samples through a sieve with a 0.5 cm mesh. The resulting
seeds of E. gilesii were counted and the proportion of germinable seeds
determined. Seed was placed in petri dishes and kept moist in a
germination cabinet with a 12 hourly fluctuating temperature of 30/25 °C,
with 12 hours light during periods with the higher temperature. The

number of germinating seeds was recorded after 14 days.

After removing the E. gilesii seed, the soil samples were then placed in
the glasshouse where they were kept moist for 12 weeks. In November,

all perennial grasses present were identified and counted.

Results

The overall size of the E. gilesii seed bank was much higher than that
of the perennial grass (Table 1). The seed bank of E. gilesii was
higher beneath shrubs than between shrubs although there was no
difference in the size of the perennial grass seed banks. Species
contributing to the perennial grass seed banks were Aristida spp. and

brownei between the shrubs, and D. ammophila and Eragrostis
beneath the shrubs.

Digitaria
lacunaria

Germination of E. gilesii seed was 7 and 8 % under and between the
shrubs respectively, indicating germinable seed banks of 136 and 26 seed
m .

Table 1. Seed banks (seed m -2) of E. gilesii and perennial grasses
under and between shrubs in Acacia aneura shrubland in
August 1985

Vegetation Under shrubs Between shrubs

E. gilesii

Perennial grasses

1950a 320b

30a 15a

Means in rows with different superscripts are significantly different
(P >0.05).

Discussion

The seed bank of E. gilesii is high, particularly under the shrub
canopy, indicating the potential for this species to maintain its
presence after the destruction of both seedling and adult plants by
fire. Furthermore, the seed bank of E. gilesii is persistent (Grime
1979) because a large proportion of this seed remains in the soil.
Burrows (1974) indicated that E. gilesii seed has a low initial
germination because of an impervious woody pericarp and that a
germination of 40 -50% could be attained by about 3 years after the fruit
matures.

In contrast, most perennial grass species in A. aneura shrubland possess
a transient seed bank (Grime 1979) because most seed germinates within
twelve months of being produced (Silcock and Williams 1975). The

transient nature of the perennial grass seed bank is exacerbated by its
relatively small size. This problem is further exacerbated by a
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phytotoxic property of E. gilesii (Burrows, unpublished data)in that
water soluble extracts from leaves of E. gilesii inhibited the
germination of Cenchrus ciliaris (buffel grass) and Thyridolepis
mitchelliana (mulga mitchell grass). Furthermore, a 50/50 soil /water
extract from beneath the E. gilesii canopy delayed and inhibited the
germination of C. ciliaris while a similar extract from between the
shrubs failed to affect germination.

Studies of the recruitment of Dodonea attenuata, another woody weed of
A. aneura shrublands, have indicated that this species is less able to
establish where grass is present than on bare ground (Booth 1985). This

further emphasises the need to maintain a grass cover in order to
prevent the further encroachment of woody weeds.

Practical implications

Under conditions of high E. gilesii densities, a single fire cannot be
expected to reduce the density of E. gilesii in the long term because
the burnt population will be replaced by recruitment from the persistent
soil seed bank. Under these conditions, two or more fires combined with
the introduction of perennial grass seed may be required. The initial
fire would control the initial population and subsequent fire /s may
control seedling recruitment.

Alternatively, a single fire may be more effective when conducted at an
early stage of E. gilesii invasion such that the fire maintains the E.
gilesii population at a relatively low level and prevents the buildup of
a large soil seed bank.
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THE EFFECTS OF GRAZING AND RAINFALL OR STIPA PASTURE IN THE SEMI -ARID
ZONE OF SOUTH AUSTRALIA.

Boreland, F.T., *Parker, P. & Wells, R.T.
School of Biological Sciences, The Flinders University of South
Australia, Bedford Park, S.A. 5042.
*Chicago Zoological Society, Brookfield, Illinois, 60513, U.S.A.

ABSTRACT
The effects of grazing and rainfall on a Stipa grassland in the

semi -arid zone of South Australia were examined by monitoring Stipa
individuals over time. Compared to ungrazed sites, grazing significantly
reduced density, basal cover, recruitment and survival of Stipa. Site
and year also had significant effects but were less important than
grazing. Stipa was found to be better adapted to drought than to heavy
grazing.

INTRODUCTION
Approximately 70% of South Australia is arid or semi -arid, and

pastoralism is one of the major uses of this region. This industry
relies heavily on unimproved native pastures, of which an important
component is spear grass (Stipa spp.) (Osborn et al, 1932).

The aim of this study was to examine the effect of grazing on the
survival and production of Stipa (principally S. nitida and S.
eremophila) in a conservation park. The occurrence of a severe drought
in 1982 allowed the relative importance of drought and grazing to be
assessed.

METHODS
The study was carried out at Brookfield Conservation Park (formerly

Glen Leslie Station), 100 km north -east of Adelaide, on the interface
between the semi -arid and arid zones (average annual rainfall 264 mm).
In 1980 a 25 x 25 m exclosure was set up in each of four sites: a ridge
and a claypan in a Myoporum platycarpum - Stipa association (sites 1 and
4 respectively) ; an area with a high density of juvenile Myoporum (site
2), and in a Maireana sedifolia - Stipa association (site 3). In each
exclosure and adjacent unfenced control area 23 permanent sample points
(63 x 91 cm) were laid out in a random stratified manner. To avoid
possible edge effects no sample points were within one metre of the
fence.

Plots were photographed annually during August /September using a
frame -mounted camera (Canon F1 camera with 55 mm lens, camera height
1.64 m). The resulting slides were used to produce life -size maps
showing the size and position of each Stipa individual. A map was made
for each sample point and data from several years placed on the one map
to allow individual plants to be monitored over time. Mapped areas of
plants were measured using a planimeter.

Herbivores present on the park include western grey kangaroos
(Macropus fuliginosus), red kangaroos (M. rufa), Hairy -nosed Wombats
(Lasiorhinus latifrons) and rabbits (Oryctolagus cuniculus).

RESULTS
Total rainfall recorded at Brookfield Conservation Park in 1981,

1982 and 1983 was 170, 109 and 314 mm respectively.

Production

Grazing significantly (P < .05) reduced density and basal cover of
Stipa (Fig. 1). Site and year also significantly (P < .05) affected



235

production, but a two -way repeated measures analysis of variance on
Stipa density showed that grazing had the greatest effect. The effect of
site depended on treatment (grazed or ungrazed) and year, and was more
important on ungrazed than grazed plots. The effect of year also varied
depending on treatment and site, but was more important on grazed than
ungrazed plots.

Recruitment
A two -way repeated measures ANOVA on the number of Stipa recruited

showed that grazing had the greatest effect; site and year also had
significant effects, and there were significant interactions between
these three factors. In 1982 the number of Stipa recruited was
significantly (P < .05) higher on ungrazed than grazed plots (Fig. 2).
The effect of site depended on treatment and year. Similarly, the effect
of year varied, depending on treatment and site.

Survival
Grazing significantly (P < .05) reduced the number of Stipa

surviving at least one year (ie. appearing in two successive censuses)
and at least two years (ie. appearing in three successive censuses)
(Fig. 3). Virtually no individuals were present for at least one year on
grazed plots. There were significant (P < .05) differences between the
ungrazed plots in the number but not the percent of Stipa surviving. On
the ungrazed plots 70 -80% of Stipa first mapped in 1981 and 25 -30% of
those first mapped in 1982 survived at least one year, and 40 -55%
survived at least two years.

DISCUSSION
The study suggests that Stipa is more tolerant of severe drought

than of heavy grazing. Despite 1982 having the second lowest annual
rainfall recorded for the district, grazing significantly reduced and
had a much greater effect on Stipa production, recruitment and survival
than did either year or site. The biomass of short -lived species is

strongly affected by rainfall in the previous twelve months (Noble,
1977) and therefore the decrease in Stipa basal cover over time was most
likely caused by drought. Such reductions were in the order of 44 -80% on
ungrazed plots and 33 -100% on grazed plots. However, basal cover of
ungrazed plots was 80 -100% greater than that of grazed plots. Grazing
had a similarly large effect on survival. When grazed, less than 6% of
Stipa individuals perenniated, compared with 40 -55% surviving at least
two years when ungrazed. The effect of drought on survival was difficult
to assess. On the ungrazed sites the number and percentage of
individuals surviving for at least one year was significantly lower for
those plants first mapped in 1982 than for those first mapped in 1981,
suggesting drought decreased survival. However, the effect is confounded
because the age of plants first mapped in 1981 is unknown, and therefore
the difference in survival rates may be partly due to comparing survival
of established plants with that of seedlings.

The effect of year on the density and basal cover of Stipa was
greater on grazed than on ungrazed sites, suggesting that grazing
increased vulnerability to drought. This was probably due to defoliation
reducing root growth (Hodgkinson & Baas Becking, 1977).

That Stipa appears better adapted to drought than to grazing is not
surprising. The rainfall regime it evolved with has presumably not
changed for the last several thousand years, but the grazing regime was
seriously perturbed with the introduction of sheep and rabbits. Sheep
were removed from the Park in 1971 but rabbits are still present.
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The grazing ecologies of the currently present native herbivores
suggest that, prior to European settlement, the community was not
subject to heavy grazing over long periods. The Hairy -nosed Wombat is

the only species currently present which would have grazed the pastures
throughout the whole year; their effects being limited to the grazing
halo around the warrens. Red kangaroos graze on the green shoots and
move on as the grasses hay off. Grey kangaroos select green shoots when
available and otherwise take the hayed -off material. Since the
distribution of the latter is limited by water they probably only moved
permanently into the area following the introduction of watering points.
Herbivore populations built up following heavy rains in 1973 -74 (Wells
et al, 1984). Water was not a limiting factor during the drought as the
watering points on the Park had not yet been removed, hence grazing
pressures were high during the course of the experiment.

Grazing had a greater effect on Stipa pasture dynamics than did
severe drought because the grazing pressure was unusually high and was
maintained when the pasture was particularly vulnerable to grazing.

The relative importance of grazing and rainfall appears to vary,
depending on the species examined (eg. Graetz, 1980; Osborn et al, 1932;
Williams, 1970) . This probably reflects the degree to which a particular
series of grazing or rainfall events exceed or fall within the tolerance
range of the species concerned. Thus the apparent relative importance of
grazing and rainfall will vary with time and depend on the time scale
used. The generalisation of results from one set of circumstances to
another must therefore be approached with caution.
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Pasture Dynamics of the "Soft Red" Country of Western N.S.W.
Part 1: Pasture Types

G.W. Dyce, A.C. Grice
N.S.W. Department of Agriculture
P.O. Box 286
Cobar, N.S.W. 2835

Introduction

The "soft -red" country of the Western Division of New
South Wales roughly corresponds to the open low woodlands of
Anon. (1982). It occupies approximately 83,200 square
kilometres, which is 26% of the Western Division. Pastoralism
is the predominant land use of the area, with wool production
being the main source of income. In spite of this, little
research has been done on the pastures of the area. Endemic
perennial grasses are significant components of these
pastures. This poster describes work which quantifies the
contribution of perrennial grasses and examines the importance
of the various species and their response to topography.

The study was carried out in an area of "soft -red"
country bounded in the east by the Dunlop Ranges (the Cobar
peneplain), and in the west by the Darling River flood plain.
The annual rainfall of 300 mm is aseasonal and unpredictable.
The vegetation of the area was described by Beadle (1948) and
Stannard (1963) and for the purposes of this study can be
considered under two headings:

(i) Calcareous Plains

These are open low woodlands dominated Heterodendrum
oleifolium (rosewood) and Casuarina cristata (belah). Although
the Heterodendrum - Casuarina association is the main
vegetation over much of the plains, Acacia loderi also
occupies significant areas (Pickard 1982 unpublished).

(ii) Sandhill /Sandplain Country

These areas are dominated by Eucalyptus spp (E. populnea,
E. intertexta) , Acacia spp. (A. aneura, A. excelsa) and
Callitris columellaris. The woody shrub component includes
Dodonaea, Eremophol i a and Cassia species.

Northcote's (1965) map describes the soils of this region
as having gradational texture profiles. The soils of the
calcareous plains are described as brown calcareous earths
(principally Gc 1.12),while the soils of the sandhill country
are described as red earths with an alkaline reaction trend
(Gn 2.13).



Methods

Seventy two sites were distributed throughout the study
area. Sites were selected so as to encompass as far as
possible the variation in soil type, vegetation and property
management that occurs in the study area. The Barnato Sheet of
the New South Wales Soil Conservation Service's 1:125,000 Land
System Series was used to delineate the study area. All sites
were located and marked on the Western Land Commission's
property management plans. Sites were distributed over ten
properties and conformed to the following selection criteria:

(i) greater than 1 kilometre from a water point.
(ii) at least 100 meters from a fence line or track.
(iii) not in specialist areas eg. mustering paddocks.

At each site, a 500 x 2 metre belt transect was set out.
The species and height class of each tree and shrub within
these transects was recorded. Pasture composition was examined
using a step -pointing technique (Evans and Love 1950). One
thousand step -points were distributed along the transect at
each site. Data were collected under the following categories:

(a) grasses (as far as possible, individuals were
identified to species level)

(b) other species

(c) litter

(d) bare ground

Sampling was undertaken between June 15 and July 26 1984.
The rainfall in this area for the precceding 12 months was 554
mm.(cf. 300mm annual rainfall).

Result

A number of topographic units were identified:

i) plains of the calcareous earths

ii) dunes, swales (inter- dunes), and flats of the
sandy red loams.

The 72 survey locations visited included 22 dunes, 12
swales, 8 flats and 30 calcareous plains sites. Tabulation of
the data revealed groups of species associated with these
topographic units. These groupings are listed below and
presented as histograms in Fig. 1 (capital letter
abbreviations of species names refer to Fig 1).
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(a) Dune species:

Tall Kerosene grass (Ari s ti da browniana) ARBW,
Bandicoot grass (Monachather paradoxa) MONP,
Mulga Mitchell (Thryridolepis mí tchelliana) ,
Spear grass ( Stipa variabilis) SIVB,
No 9 Wire grass (A. jerichoensis) ,
Woolybutt (Eragrostis eriopoda) EGEP.

(b) Swale species:

Kerosene grass (A. contorta) ARCT,
Spear grass (S. variablis) SIVB,
Common Bottlewashers (Enneapogon avenaceus) ENAV,
Native Millet ( Panicum decompositum) PADC.

(c) Calcareous plain species:

Common Bottlewashers (E. avenaceus) ENAV,
Jointed Bottlewashers (E. cylindricus),
Spear grass (S. variabilis) SIVB,
Purple Lovegrass (Eragrostis lacunaria).

The flat sites visited were low lying areas prone to
flooding and usually associated with Poplar Box (Eucalyptus
populnea). This land unit occupies a small proportion of the
sandy country and contains an herbaceous layer similiar to
that of the calcareous plains.
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Pasture Dynamics of the "Soft Red" Country of Western N.S.W.
Part 2: Effects of exclosure.

A.C. Grice, G.W. Dyce
N.S.W. Department of Agriculture
P.O. Box 286
Cobar, N.S.W. 2835

The purpose of this poster is to describe a long run
exclosure experiment established in the "soft red" country of
Western New South Wales and outline some aspects of the
preliminary results. Some features of this area are described
in Dyce and Grice (this Conference).

Objectives of the Experiment

To examine the influence of exclosure from (a) sheep (b)
sheep, kangaroos and rabbits on pasture composition and the
demography of individual grass species in the "soft red"
country.

Experimental Design

The experiment consists 3 treatments x.6 sites. Four sites
are located in Eucalyptus- Acacia woodlands with two of these
sites being on dunes and two in swales (inter -dunal
depressions). The other two sites are in calcareous
Casuarina- fleterodendrum woodlands (see Dyce and Grice, this
Conference).

The three treatments are:

(A) All mammalian herbivores excluded
(B) Sheep only excluded
(C) Unexclosed

All sites are located:

(i) between 2 and 4 kilometres from a watering point
(ii) in a paddock used for sheep (and not cattle or goats)
(iii) on one of the three "land types" mentioned above
(iv) in an area of low tree and shrub density
(v) away from fencelines and prevailing wind corners.

The herbivores of relevance are sheep, kangaroos and rabbits.
Cattle are absent and feral goats are at low density in
paddocks in which sites are located. Each treatment area
measures 100 x 100 metres.

Sampling Procedure

At each site, 30 half- square -metre permanent quadrats were
established in each treatment on a regular grid pattern. Each
site is to be visited at least four times per year. Two types
of data are gathered at each visit:
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(1) Six species were selected for which detailed demographic
information is being gathered. For these species, the
identity, size and phenological status of all individuals
in each quadrat is recorded at each visit. The species
concerned are Stipa variabilis, Aristida browniana, A.
contorta, Enneapogon avenaceus, E. cylindricus and
Monaca then paradoxa.

(2) For each quadrat, the number of individuals of all grass
species present is recorded. The growth forms of most
species is such that individuals can be distinguished.

In additon to demographic and pasture composition data,
climatic data are being recorded at each site, initially
using manual rain gauges but since March 1986 using MISER
automatic temperature and rainfall equipment. Herbivore
activity on treatments B and C at each site is monitored by
removing and counting faecal pellets along transects at
monthly intervals. The soil at each site has been described
in detailed.

Initial Observations

Most data collected so far relate to dense populations of a
range of grass species which developed during the
exceptionally wet summer of 1983 -1984. Rainfall in January
1984 was almost five times the long -term average for the
month (Figure 1). Data were first gathered in March 1985.

Figure 1. Monthly rainfalls (mm) for the

250 ,R
period January 1984 to May 1986
(histogram) and 30 -year averages
(line). Average annual rainfall
at Tilpa is 265 mm.

.7 FM AM J J AS ON D J F MA M,1 JAS ON I) J FM A M
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(i) Plant Density

In March 1985 total plant density was high at all sites
regardless of treatment. The different species varied
substantially in their contribution to these numbers,
reflecting the patterns in species composition described in
Dyce and Grice (this Conference). At all but one site, Stipa
variabilis was the grass species most commonly encountered in
permanent quadrats, at one swale site reaching an average
density of over 70 plants m-2. The exception was a dune site
at which Aristida browníana and Eragrostis eriopoda were
dominant, though even here S. variabilis was common.

Subsequent to the initial visit, all species showed very high
mortality rates, particularly after July 1985. However,
mortality rates varied considerably between species. Stipa
variabilis showed particularly high mortality rates between
July and October 1985, with many stands declining to very low
(0 -5 plants m-2) densities. Some individuals of each species
remained alive until April 1986 though in many stands all
individuals of some species had died by this time.

(ii) Pasture Composition

Relative frequencies of the various species in the pasture
were markedly different in April 1986 compared to March 1985.
At all sites S. variabilis had declined in relative
abundance. At only two sites (one in a calcareous plain and
one in a swale) was S. variabilis the dominant species in
terms of the density of live individuals. The proportional
contributions of Aristida browniana and Eragrostis eriopoda
tended to increase at dune sites in spite of decreases in
their actual density. The same is true for Enneapogon
avenaceus and Aristida contorta at swale sites. At plains
sites, Panicum decompositum, Enneapogon spp. and /or
Eragrostis lacunaria increased in relative abundance.

There were no outstanding differences between treatments in
either the "initial" densities or the rates of mortality of
the various species. Differences in initial density were not
expected because the plant populations recorded in March 1985
arose prior to the exclosures being set up. The implication
of this apparent lack of treatment effect is that the changes
observed were largely dependant upon factors other than
grazing, rainfall being the most likely one.

We have only attempted to describe some initial observations
and our poster will provide examples of these from two sites,
one on a calcareous plain and one in a swale. A thorough
understanding of the dynamics of Western Division pastures
must take into account the diversity of rainfall sequences
that occur in the region and the varying plant communities
that may result. Consequently, this experiment is designed as
a long -term study.
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TRENDS IN GROWTH AND SURVIVAL OF SATINY BLUEBUSH
(MAIREANA GEORGII) AND BLACK BLUEBUSH

(MAIREANA PYRAMIDATA) IN WESTERN
NEW SOUTH WALES

D.J. Eldridge

Soil Conservation Service

BROKEN HILL NSW

ABSTRACT

Growth and survival of a mixed stand of satiny bluebush (Maireana georgii (Diels.)

P.G. Wilson) and black bluebush (M. pyramidata) (Benth.) P.G. Wilson) were monitored

at Sayer's Lake in Western New South Wales. Densities of both species increased dramatically

over 30 years following exclosure, with final densities greatest on the hummocky duplex

soils. The data indicate that recruitment and mortality of satiny bluebush populations

are episodic, and fluctuate according to seasonal conditions whereas populations

of black bluebush once established, are less influenced by seasonal variations.

INTRODUCTION

Extensive areas of bluebush (Maireana spp) shrublands occur in semi -arid southern Australia.

In western New South Wales, black bluebush is co- dominant with satiny bluebush on coarse -

textured duplex soils and calcareous earths.

Little is known of the growth and survival of satiny bluebush in western New South Wales

apart from studies at West Menindee Regeneration Area (Cunningham and Milthorpe, 1976).

Satiny bluebush is known to be short -lived, palatable to stock and able to respond rapidly

to opportunistic rainfall events.

Black bluebush is an extremely long -lived perennial shrub considered to be valuable as

a drought forage and for protection of the soil against wind erosion ( Milthorpe, 1978).

Recruitment is known to be highly dependent on favourable climatic conditions (Milthorpe.

op.cit.). The seeds remain viable for short periods (Burbidge, 1946), and young plants

are susceptible to predation by rabbits (Stanley and Milthorpe, 1977).

This study was conducted to study the establishment, growth and survival of satiny bluebush

and black bluebush in the absence of grazing.

THE STUDY AREA

The study site is located at Sayer's Lake about 88 kilometres west of Ivanhoe, N.S.W.

The area lies in a transition zone between belah- rosewood (Casuarina cristata -

Heterodendrum oleifolium) woodlands and undulating bluebush (Maireana spp.) plains.

The soils are a mosaic of sandy surfaced red duplex soils and calcareous earths.

In 1952 an area of 421 hectares was fenced in order to study the regeneration of

trees, shrubs and pastures after destocking.

Climate

The average annual rainfall for the 30 year period between 1930 and 1960 is 230 mm of

which approximately 10% more rain falls in the six winter months compared with the six

summer months. Climatic conditions for the period 1954 to 1984 are shown on the

abscissa of Figure 1.
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METHODS

Between 1954 and 1956 a number of transects was established to investigate the establishment,

growth and regeneration of satiny bluebush ( Maireana georgii) and black bluebush (M.

pyramidata). Transect A was established on an eroded red duplex soil, B on a red duplex

soil with a deep hummocky surface horizon, and C,D, E and F on uneroded duplex soils.

The first four transects were established inside the regeneration area, and two transects

(E and F) were established outside and subjected to grazing by domestic stock. Each

transect measured 100 metres x 1.82 metres to 3.66 metres.

The number and maximum height and diameter of perennial shrubs, located along fixed

transects were recorded. Measurements were made on a six to twelve monthly basis from

1954 to 1964. Further measurements were made in 1973 and 1984.

RESULTS

1. Density

Between 1956 and 1984 density of Maireana georgii increased 100 fold on transects A, B

& D but barely doubled on transect C. Density of M. pyramidata increased three to

fivefold over the same period on the eroded and uneroded duplex soils (transects A,

C, D & E) but increased twelvefold on the hummocky duplex soil (transect B).

2. Shrub size

Average size of Maireana georgii. measured as the sum of height and diameter, increased

by 17 %, 60% and 32% on the eroded and uneroded duplex soils (A, C and D) respectively,

and decreased by 20% on the hummocky duplex soil between 1954 and 1984.

Sizes of M. pyramidata shrubs increased by 87% on the eroded duplex soil and

decreased by 90% on the hummocky duplex soil from 1954 to 1984. Between 1955 and 1984,

shrub size increased by 50% on the uneroded duplex soils (C & D) inside the regeneration

area. On the same soil type outside, shrub size increased by 115% between 1956 and 1962.

Height class data on shrubs from inside and outside the regeneration area showed that

height classes of 60 cm or more have developed since stocking ceased, and relative

sizes now approach a normal distribution, with a steady reduction in frequency of the

higher classes.

In the stocked paddock however, there has been practically no development of the higher

classes and the distribution of height classes appears abnormal, with large differences

between the numbers in the highest class interval compared with the next lowest class

interval.

3. Survival

Data on survival of a popualtion of Maireana georgii which appeared in 1957, and a

population of M. pyramidata, which was present when the transects were set up in

1955, are presented in Figure 1.

By 1964, 70% of the 1957 population of Maireana georgii had perished. By 1973,

only 23% of the original popualtion on the hummocky soil remained, whilst the total

population on the eroded and uneroded duplex soils (A & C) had perished.

After 30 years of observations, 30% of the original population of Maireana pyramidata

remained.
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DISCUSSION

Maireana georgii

From 1954 to 1984 the density of Maireana georgii shrubs increased dramatically. The trend

apparent on the eroded soil is mirrored by that on the hummocky soil with density increasing

one hundred times. Shrubs on the uneroded soil however, failed to reach the level of density

recorded above. Shrubs on the eroded and hummocky soils would have benefited from increased

runoff as the transects were located at the lower end of the scald and on sloping country

respectively.

The decrease in height and diameter on all transects in October 1957 is due to the appearance

of large numbers of seedlings as a response to the wet period in early 1956. When the total

population was partitioned between seedlings plus juveniles and mature shrubs (i.e. those

less than 20cm and those greater than 20cm respectively), the large increase in density was

due almost entirely to the presence of seedlings. The density of mature bushes also

increased but not to the same extent.

Death was most marked on the eroded and deep hummocky soils. Seedlings which established

on the uneroded soil (B) survived until mid -1958, which marked the onset of an 18 -month

dry period. A rapid decline in the population on the eroded duplex soil was probably due

to the shedding of water from this site on to lower slopes. Indeed those plants surviving

after 1958 were found to be on sandy hummocks scattered throughout the scalded area, where

water relations were more favourable. By 1973 less than 25% of the original population

of transect B remained, and none of the original population on the eroded or uneroded duplex

soils was alive. The long gaps in recordings between 1964 and 1973 make it impossible

to determine when the last of the original population died. From other work at West

Menindee Regeneration Area, (Cunningham and Milthorpe, 1976) it is suggested that most of

the remaining population on transects B & C would have died before 1968 as a result of the

dry conditions up until that time and the fact that the expected life span is about 14 years

(Cunningham & Milthorpe, 1976).
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Fig 3. Survival of Maireana georgii ( - --) and Maireana pyramidata (

shrubs on three soil types.

Maireana pyramidata

Trends in density of Maireana pyramidata are similar to those of M. georgii. The greatest

increase in density of Maireana pyramidata occurred on the deep hummocky soil (B).

The reason for this is unclear, but results support Milthorpe's (1978) findings that under

favourable conditions, large numbers of shrubs appear on sandy soils. Moreover shrubs on

sandy soils are likely to respond more quickly to light falls of rain than those on more

compact clayey soils.
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The overall decreases in shrub size in October 1957 on all transects is again explained by

increases in seedling recruitment, with the greatest number of seedlings establishing on

the hummocky duplex soil. Most recruitment occurred near the older bushes because of the

proximity to seed source and the possible protection from sand blasting.

Survival of the original pre -1954 population is shown in Figure 1. Death of individual

bushes did not show the same pattern as Maireana georgii, with the curves for transects

A, B 8 C showing a less pronounced decline than those of M. georgii. This is to be expected

as Maireana pyramidata shrubs were already well established and were not as susceptible to the

onset of dry seasonal conditions.

By 1984, only 30% of the original population remained, and these shrubs were characteristic-

ally more prostrate than shrubs from subsequent populations. Moreover they had suffered

extensive limb damage due to increased weight and trampling by kangaroos. The effect of

eliminating the highest height class i.e. the biggest bushes of Maireana pyramidata under

grazing could be expected since Maireana spp. are susceptible to limb breakage by trampling,

resulting in a decrease in height.

It is known that Maireana pyramidata is highly drought- resistant (Beadle 1948) and extremely

long -lived. Although many of the shrubs recorded in 1954 were quite old, with an average

size index in excess of 160cm, a relatively high proportion of the original population

remained after 1984 comapred with M. georgii. This supports Crisp's (1978) findings with

M. sedifolia that after 42 years, 20% of the original population still remained.
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