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WELCOME

Welcome to the 14th Biennial Conference of the Australian Rangeland Society 'The Cutting Edge'. It

is the very nature of our Rangelands that has preserved its uniqueness, high value biodiversity and
diversity of ecosystem services. Our Rangelands have captured the interest of its People, its land

managers, its scientists and the wider community. It is in large a harsh place where no one species
can easily dominate, including man. The Australian Rangelands is a complex ecosystem consisting

of species that don't compete, but work together. It is a 'working together' attitude that has
brought all of you people here this week - an exciting week, two conferences that will contribute
toward a greater understanding of Rangeland science, management, people and policy; if not by

presentations, then by osmosis! Now is the time to work well together and to work with nature to
enrich the life of the People, the Place and the Possibilities.

A special welcome goes to the delegates of the 3rd Lake Eyre Basin Conference 'LEB Today and

Tomorrow'. It was a bold decision but a great opportunity to combine the two closely related
conferences and I hope you find the week to be of great value.

Special recognition of effort goes to all the members of the Conference Organising Committee,
and our Conference Organiser. Their collective knowledge and experience developed this

Conference into what I believe will be a very successful event. I am honoured to have worked with
them. I hope you enjoy our spoken presentations and gain extra value from the panel discussions

and poster interaction. I anticipate that you will also find the field tours and social events very
enjoyable. I thank all the landholders and traditional owners en route of the tours for allowing us

a brief insight to their country.

Thank you for the very generous support of our sponsors with out which this conference would
not have been possible.

Geoff Mills

Organising Committee Chair
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Smorgasbord Dinner organised by Outback Lakes SA, at the Chaffey Theatre

7.30pm - 9.30pm

10..30am -12.00

CHAIR

Martin Andrew

MORNING TEA

10:00am - 10:30am

9:50am - 10:OOam

8.30am - 9.50am

CHAIR & Facilitator

Martin Andrew

Delegates move into Theatre

8.25am

The three speakers will then take part in a Panel Discussion, which will draw upon relevant conference posters.

Innovative Pastoral Management: Annabel Walsh, owner and manager of Moorna Station will describe how she is using new breeds of
sheep, mob stocking / long resting and other innovations to increase the Moorna's productivity, and how she is using SWE and Property
Manager as part of this.

Integrated Property Management spatial tool: Craig Stephenson will describe the operation of the AEMS spatial Property Manager
package that is being rolled out under the Sustainable Wildlife Enterprises Trial. It enables land managers to plan and track the detailed
management and performance of their properties - including financial - and automate the various reporting functions that are required in
this day and age.

George will describe the origins of, and projects that make up Sustainable Wildlife Enterprises trials. The aim is to test mechanisms for
regional coordination that integrate commercial use of wildlife with more conventional pastoral land use. Income is derived from tourism
and ecosystems services and consumptive use of wildlife.

Multiple land use: Dr George Wilson, Rangelands and Wildlife Program, Rural Industries R &D Corporation

SESSION TOPIC: Initiatives in alternative pastoral practice near Lake Victoria, SW NSW.

Conference Program Explained: Jenny Cleary and Damien Pearce (10 mins)

A Panel of Diverse Rangelanders will explore these issues further.
Panel members: Barney Foran, Geoff Mills, Dionne Walsh, Paul Novelly, Renata Paliskis -Bessell.

Key Speaker: Barney Foran,
"Looking back at our looking forward: Unfolding scenarios in the Australian rangelands"

Welcome to Country - Duncan Daniels and colleague

Conference Committee Chairperson: Geoff Mills

CONFERENCE OPENING

REGISTRATION DESK OPEN

7:30am

MONDAY 4 SEPTEMBER 2006 - CHAFFEY THEATRE

Registration and Mayoral Reception hosted by the Mayor of Renmark Paringa Council, Mr Rod Thomas

5pm - 8:30pm

SUNDAY 3 SEPTEMBER 2006 - CHAFFEY THEATRE

7.00pm

POSTER SESSION
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ARS Council Member - David Wilcox (President) will provide a heads up on tomorrow morning's General Meeting.

4.50pm - 5.00pm

INFORMAL DINNER -THE MALLEEFOWL RESTAURANT

DAILY MUSTER - Andrew Ash will provide a round up the day's salient thoughts /activities.

Facilitated discussion involving the three speakers, and drawing upon relevant posters.

Allan Padgett: "The ILC's Pastoral initiative for Indigenous landholders to achieve sustainable outcomes"

Tony Brandis: "Results of the Land Acquisition Program that was initiated by the Gascoyne- Murchison Rangeland Strategy in WA"

Robert Pearce: "Rangeland Issues in the Eastern Sierra Nevada Region of California, USA and the role of the Natural Resources
Conservation Service in Addressing Rangeland Resource Conservation"

SESSION TOPIC: Sustainable Rangeland Management

Discussion with the 3 presenters - also drawing upon relevant posters.

Hugh Pringle: "Assessing rangeland health from the site to the catchment scale: The Roderick River Catchment"

Ian Watson: "Results from rangeland monitoring across the Southern Rangelands of Western Australia"

Gary Bastin: "Reporting Change in the Rangelands: ACRIS on Track for 2007"

SESSION TOPIC: Monitoring and Reporting Change in the Rangelands. Panel presentations and discussions.

This discussion will draw upon relevant posters

Craig Miller. "Applying resilience theory in rangeland management"

Terry Beutel: "A land condition framework for Grazing Land Management"

MarkAlchin: "Simple approach to match stocking rate to carrying capacity in semiarid environment"

Panel Discussion, including

Paul Jones: "Development of long term carrying capacity models for the Desert Uplands"

Hossein Bashari: "Using a Bayesian Belief Network approach to assess land condition in native pastures, South East Queensland"

SESSION TOPIC: Innovation in Land Condition Assessment and Sustainable Carrying Capacity

1ST

Poster Highlights: Don Blesing will introduce those posters which fit well with today's sessions

4.40pm - 4.50pm

3.30pm - 4.40pm

CHAIR & Facilitator

Peter Marin

AFTERNOON TEA

3:00pm - 3:30pm

2.20pm - 3.00pm

1.30pm - 2.20pm

CHAIR & Facilitator

Paul Erkelenz

LUNCH

12:45pm - 1:30pm

12.10 -12.45

12.00 -12.10

ARS and LEB JOINT CONFERENCE PROGRAM - RENMARK 2006

12:10pm - 1:00pm

12:00pm - 12:10pm
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Poster Highlights, to be given by a student - Peter Marin to organise.

Sponsor Presentation: Meat & Livestock Australia
Gerald Martin: "Pastoral Weaner Lamb Production"

Can intensification of Management and Infrastructure be Implemented Sustainably?
Do we have the Tools to Support Intensification by Producers?

Panel Discussion focussed around 2 key questions:

John Mclvor. "Role of Grazing Systems in Pastoral Intensification"

Alaric Fisher. "Maintaining Biodiversity Values under Pastoral Intensification in the Australian Tropical Savannas"

Leigh Hunt: "Options for Improving Grazing Distribution in Savanna Rangelands"

Sandford, Victoria River District"

Robyn Cowley: "Is there potential for improved production in Savanna Rangelands? Lessons from a 14 year Grazing Trial at Mt

Steve Petty. "Grazing Strategies for Tomorrow - The Pigeon Hole Project"

Andrew Ash: "Intensification of Pastoral Lands in Northern Australia"

SESSION TOPIC: Pastoral Intensification: Benefits and Risks

Questions from the floor.

Key Speakers: Charlie Hargroves and Nick Palousis
"The Natural Edge Project"

Lunch & 2nd POSTER VIEWING SESSION

12.0pm

12.O Opm -

12.00pm

10.30am -

CHAIR

9.30am - 10.10am

MORNING TEA

Greg Campbell

ARS General Meeting (David Wilcox, President of the ARS National Council)

Assemble for the first session

8:15am - 9:15am

REGISTRATION DESK OPEN

10:10am - 10.30am

Geoff Mills

CHAIR

9:15am - 9:30am

7:30am

TUESDAY 5 SEPTEMBER 2006 - CHAFFEY THEATRE

ARS CONFERENCE DINNER, THE BERRI HOTEL

REGISTRATION DESK OPEN

FIELD TOURS - Depart from the Chaffey Theatre.

DINNER AT BANROCK STATION

7:30am

8:30am

6:00pm
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DAILY MUSTER: George Cooley and Paul Williams

Change is inevitable and dealing with change requires the need to be ready. As a part of the joint AWI and LWA "Land, Water and
Wood" program, the "Future Woolscapes" project examined a range of key issues (such as new technologies, climate change, the
regulatory environment, labour availability, consumers etc) that may impact on the world and the wool industry over the next 25 years.
While not attempting to predict the future (no -one can), the project developed a range of scenarios to provide some insight into the
future challenges and opportunities that may lie ahead. Russell Pattinson will present the results of this study and introduce us to a
mythical woolgrower of the future.

SESSION TOPIC: Innovations arising from the Land, Water & Wool (LWW) Program

Angus Whyte: "Sharpening the saw" on a grazing business in the semi -arid rangelands"

Nicole Sallur: "Evaluating EMS in the pastoral industries of Western Queensland"

SESSION TOPIC: Pastoral Management Systems

Questions from the floor.

Mateusz Wolnicki: "The Contribution of protected areas to Quality of Life"

Chris Mitchell: "Evaluating the integrity of protected areas: making sense of what we know"

Russell Gorddard: "Can we create markets for biodiversity outcomes in the rangelands?"

John Pickard: "Fences for biodiversity conservation in the arid zone: lessons from history"

SESSION TOPIC: Biodiversity Conservation

Panel Discussion, drawing upon relevant posters.

Ron Hacker. "Precision management systems for pastoral livestock producers"

Terry Beutel: "VegMachine: remote sensing for property management"

SESSION TOPIC: Innovative Rangeland Tools. Panel presentations and discussions

WEDNESDAY 6 SEPTEMBER 2006 - FIELD TOURS

7.00pm

4:40pm - 5:00pm

4.00pm - 4.40pm

3.30pm - 4.00pm

CHAIR

David Leek

AFTERNOON TEA

1.45pm - 3.00pm

1.00pm - 1.45pm

3:00pm - 3:30pm

John Taylor

CHAIR & Facilitator

ARS and LEB JOINT CONFERENCE PROGRAM - RENMARK 2006

10:30am

1:OOpm

2.00pm

Geoff Mills

CLOSING

Carol Ireland

CHAIR & Facilitator

Phillip Toyne

CHAIR & Facilitator

10:00am

M. Stafford Smith

CHAIR & Facilitator

7.30am

10.00am

1.00pm

the role and involvement of Science and Scientists"

Catchment Management in the Lake Eyre Basin"

Completing the Fabric

Barney Foran
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ARS CONFERENCE CLOSING COMMENT: Geoff Mills, Chair of the Conference Organising Committee

YOUNG RESEARCHER PRIZES: to be presented by Peter Marin and Geoff Mills

Discussion: including the Daily Musterers (Andrew Ash, George Cooley, Paul Williams) and Barney Foran.

Where are we headed? - Insights from the Conference

In this session we will draw together what we have learnt from the different threads of our Conference, including from the field tours.

Plenary Session

Discussion: How can Rangelands alliances be built and strengthened?

Joc Schmiechen: "Cross- Border Tourism Initiatives"

Joy Taylor. "Desert Knowledge Australia Linked Business Networks Project"

Rod Ferdinands: "The Rangelands NRM Groups Network"

Mike Chuk: "A Government perspective on the Lake Eyre Basin Story"

Richard Kingsford: "Lake Eyre Basin

Greg Campbell: "Capturing the Border Cheque

SESSION TOPIC: Alliances in the Rangelands -Lake Eyre Basin and other examples

Discussion, also drawing upon relevant posters

Angas Hopkins: "What is the ecological legacy of pastoral 'development' in the Gascoyne River catchment of Western Australia, and
how might we deal with this ?"

Hugh Pringle: "Missing the Point: Desiccation, homogenisation and impoverishment of the Australian rangelands as living ecosystems"

Key Speaker: Philip Young
"Desertification in rangelands - an international perspective on technology, institutions and policy"

Introduction: Mark Stafford Smith

SESSION TOPIC: Desertification and Ecological Legacy

ARS CONFERENCE CLOSE and LUNCH

12.30pm

11.45am- 12.30pm

10.30am 11.45am

MORNING TEA

8.30am

REGISTRATION DESK OPEN

THURSDAY 7 SEPTEMBER 2006 CHAFFEY THEATRE

6:00pm

5.30pm

5.00pm

PLENARY FACILITATED DISCUSSION: Gathering threads -Critical points and issues from the presentations on PLACE

Rebecca Cadzow, Mt Riddock Station, NT: "EMS, rotational grazing and buffel grass"

Reg Dodd, Marree, SA: "Aboriginal tourism and land management"

Old community speaker (TBA): "The importance of 'place' to a long term landholder"

LEB CONFERENCE DINNER, THE RENMARK GOLF & COUNTRY CLUB

REGISTRATION DESK OPEN

CHAIR

8:00am

8:15am

8.15am

9.15am
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Don Blackmore, AM: "Institutional and Governance Arrangements for cross -border Dryland River Basins -An international Perspective"

Gerry Roberts, DPI, Longreach, QLD: "Decision- making practices of land holders in the Desert Uplands, Qld"

Lynn Brake, SAAL NRM Board & Desert Knowledge CRC, Adelaide: "Lake Eyre Basin Social and Economic Review Project"

SESSION TOPIC: What have we learnt about the Lake Eyre Basin -Recent updates to our knowledge of people, communities,
social and economic issues.

Summary overview of key Rangelands conference papers with important messages about PEOPLE that are relevant to the LEB

'PEOPLE' - What have we learnt about the people, communities and economies of the Basin, and what does this mean for us?

7:30am

An international

SESSION TOPIC: Community presentations -Implications for the practical business of managing the Basin

Poster viewing session

5.00pm

4.00pm

Dr Cliff Dahm, University of New Mexico, Albuquerque: "Arid land Rivers of the southwestern United States
perspective"

Rachael Young, SAAL NRM Board, Pt Augusta: "Arid Rivers Cultural and Natural Heritage Program"

Glen Scholz, DWLBC, Adelaide: "Lake Eyre Basin Rivers Assessment"

SESSION TOPIC: What have we learnt about the Lake Eyre Basin -Recent updates to our knowledge of how the Basin
functions.

FRIDAY 8 SEPTEMBER 2006 CHAFFEY THEATRE

7.00pm

5:30pm

CHAIR

AFTERNOON TEA

4:00pm

3:30pm

3.30pm

Summary Overview of key Rangelands Conference papers with important messages about PLACE that are relevant to the LEB

2.30pm

2:30pm

2:15pm

INTRODUCTION TO LAKE EYRE BASIN SESSIONS 'PLACE' - What have we learnt about the landscapes, environments and resources of the Basin, and what does this mean for us?

CHAIR

2:15pm

2:00pm

THURSDAY 7 SEPTEMBER 2006 CHAFFEY THEATRE

The following part of the Program constitutes the LEB Conference.

ARS and LEB JOINT CONFERENCE PROGRAM - RENMARK 2006

10:45am

10.45am- 11.15am

MORNING TEA

10.15am

PLENARY FACILITATED DISCUSSION: Gathering threads -Critical points and issues from the presentations on PEOPLE

Linda Keane, NT Remote Health, Alice Springs: "LEB people and livelihoods from a remote Aboriginal community perspective"

Bill McIntosh, SA Outback Areas Community Development Trust: "South Australian perspectives on people and livelihoods in the LEB"

Robyn Adams, Stratford Station, QLD: "Community action and involvement from a land manager's perspective"

SESSION TOPIC: Community presentations -Implications for the practical business of managing the Basin

4:15pm

CHAIR

3:00pm

CHAIR

4:30pm

3:30pm

3.00pm

2.10pm

4.15pm
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How might our most pressing challenges be met, and what role will the LEB Agreement have in meeting them? This discussion will
provide delegates with an opportunity for input into the 2006 review process for the LEB Agreement.

PLENARY FACILITATED DISCUSSION: Where to from here and implications for the LEB Agreement

FACILITATED GROUP DISCUSSIONS: Key issues for the future of the LEB
What and where are the most pressing challenges for the natural resources of the Lake Eyre Basin?

2006 LEB Aboriginal Forum representative: "Lake Eyre Basin Aboriginal futures"

Angus Emmott, LEB Community Advisory Committee: "The future for pastoral landholders in the LEB"

SESSION TOPIC: Scene- setting 2 - Critical considerations for the future of the LEB

CLOSING COMMENTS AND CONFERENCE CLOSE

3.30pm

AFTERNOON TEA

2.10pm

1.30pm

LUNCH

1:30pm

12:30pm

Dr Ian Plowman: "Future implications of social and economic change in rural areas"

Dave Cobon, QLD Centre for Climate Applications, Toowoomba: "Future implications of climate change"

Dr Mike Tyler, University of Adelaide, SA: "Future implications of pest threats, contaminants, resulting biosphere change"

SESSION TOPIC: Scene -setting 1- Critical considerations for the future of the LEB

Summary overview of key Rangelands conference papers with important messages about POSSIBILITIES that are relevant to the LEB

11.30am- 12.30pm

11:30am

CHAIR

11:15am

'POSSIBILITIES' - What issues face us for the future of the Lake Eyre Basin and the LEB Agreement, and how will we deal with them?

10:15am

9.15am
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ABSTRACT
PATCHKEY is a new conceptual patch classification model extending the QLD DPI &F
ABCD system for describing grazing induced patch changes. Using both vegetation and soil
variables we are able to describe "key" patch types which have an associated hydrologic
function, and describe overall landscape health. Here we investigate the practical application

of PATCHKEY using quick pass transect based sampling, linked to remote sensing to
describe landscape condition and derived hydrological function over large areas. A classified

image was derived using the ground data to ground truth high resolution imagery. The
classified image was studied for patch type size and arrangement for three landscape positions

of high, medium and low cover. The match between hydrologic function to PATCHKEY
derived patches was also investigated.

INTRODUCTION

Grazing pressure on rangelands has led to changes in the size, composition, spatial
arrangement and hydrologic function of patches on a landscape scale (Fuls 1992, Tongway
and Ludwig 1997, Bisigato et al 2005, McIntyre and Tongway 2005, Northrup et al 2005). It
has, and may always be difficult, costly and time consuming, to describe landscape function,

land condition and leakiness (hydrologic functions) at large scales using ground based
methods. PATCHKEY (Corfield et al 2006) addresses this problem by allowing us to explore
the relationships between land condition, landscape leakiness and the size and distributions of
patches (using vegetation and soil properties) in landscapes of differing land condition and

grazing history. PATCHKEY is an extremely useful, quick pass, tool for delivering a
quantitative spatial dimension to landscape metrics, and has the potential to be used, in
conjunction with high resolution satellite imagery to monitor landscape health, especially
landscape leakiness. This study was conducted in order to test this potential in a largely
Bothriochloa pertusa (an exotic perennial grass having a stoloniferous habit) dominated
rangeland south west of Townsville, Old, Australia.

METHODS
Quick pass transect sampling was conducted on three areas of high -site 3, low -site 2 and
medium -site 1 cover (fig1): as decided from a December 2005 high resolution Quickbird
image covering Virginia Park, a property south west of Townsville. Transect sampling was

conducted over 5 transects for each area, transects being 300m long and 40m apart,
effectively covering a total area of 6 ha. Transects were orientated downhill in all cases, to
assist in differentiation of patch types in upper and lower slopes. A differential GPS was used

to record the starting point for each patch type along a transect, and the PATCHKEY
attributes were recorded for each patch as it was captured. Patch type line segments were then
created between consecutive patch type start points using GIS software, in effect giving us a
linear representation of patch types along each transect. The 0.6m pan sharpened multispectral
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Quickbird imagery was cropped to the Top Aires paddock boundary and classified using
isoclass cluster analysis to give 30 clusters overall (more than the total amount of patches
found on the transects). Line segment data was overlayed onto the cluster image in the GIS
and the clusters were grouped according to PATCHKEY types found in the line segments for
each site creating a PATCHKEY classification image (Figure 1). The classified patch image
was assigned an image classification reference from B 1.... D4, for comparison purposes,
QDPI&F ABCD landscape condition (Chilcott et al 2003) and infiltration rate, derived from
measures developed in previous work as part of the MLA Sustainable Grazing for a Healthy
Burdekin Catchment project. Patch metric data was extracted from fmal image classification
and compared with transect data on the areas bounding site 1 to 3 (square site boundaries
Figure 1).
RESULTS
Transfer from PATCHKEY to remote sensed data was successful with a fully classified image
being created. Land condition as modified by P ATCHKEY, and infiltration values were able
to be attached to the classification (Figure 1) using the P ATCHKEY associated values.
Proportions of patch types were found to match well between on ground sampling efforts and
remote sensed classification (best seen in figure 2 where patches are grouped into ABCD
condition states). Figure 2 shows all patch groups for ground sampling and remote sensing,
showing the same patterns with some spread of patches between the on ground and classified
image (see Figure 1 key).
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Figure 1: Classified Quickbird image showing site locations, P ATCHKEY patches,
Image classification patches~ associated ABCD land condition and Infiltration (mmlhr)

Site 1 rests mainly in the medium C patch areas for both on ground and classified image
(Figure 2 a,d) with some low B patch areas being found on upper slopes and around trees
(Figure 1). Site 2 predominantly sits in the very low C to D patch class (Cll in the transect
samples being closely related to the D classes in the classified image) (Figure 2 b,e). The
ground based sampling is more sensitive to D class for site 2 (Figure 2 b,e). Site 3 shows
patch class proportions towards the higher end of the C class and lower B classes (Figure
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2c,f). There was no significant difference between mean patch sizes for site 1 with sizes of
20, 18 and 19 m2 for B, C and D patches respectively. Site 2 had significantly different patch
sizes of 13, 18 and 25 m2 for B, C and D patches and site 3 of 15, 19 and 11 m2 for B, C and
D patches. Contagion measures of patches for all sites were similar having between 35% and
38% relative contagion suggesting clumping of some groups is occurring at that level.
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Figure 2: Patch as a proportion of site for the classified image a -c (% area) and transect
samples d -f (% of length). Patches grouped into ABCD condition
DISCUSSION
The match of transect based ground sampling and the remote sensed data indicates that the
PATCHKEY transect based method is suitable for detecting landscape function/condition

without the use of extra remote sensed data, to at least a paddock scale. Transect based
sampling is more sensitive to degraded patches than the remote sensed data, although this
may be rectified using a weighted mean patch size index (Li and Archer 1997), increasing
patch detection sensitivity for the remote sensed classification. This makes both the transect
method and remote sensed application very useful for detection of degraded vegetation and
hydrologic function, particularly when coupled with Landscape Functional Analysis
(Tongway and Hindley 1995). The apparent similarity in PATCHKEY patch profiles between

the medium cover site 1 and high cover site 3 areas indicates that these two areas are very
similar functionally. PATCHKEY may, therefore, be a very useful tool in informing other
remote sensed models which give an indicator of landscape function such as the Directional

Leakiness Index developed by Ludwig et al (2002). Further measurements into patch
clumping could be used to look at specific patch type distributions within a landscape; instead
of a single relative contagion value. This may give us more insight into patch formation.
We conclude that PATCHKEY is a very useful tool giving us a useable ground based method

for obtaining landscape function over large areas, through the use of remote sensed
information.
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ABSTRACT
The use of climate variability information is only one element among many that pastoralists

use to `get the stocking rate right'. In recent years, there has been a large increase in the
amount and complexity of climate related information available to pastoralists. The challenge
is to select the most appropriate climate information and integrate it into other elements of the
decision making process. In the Southern Rangelands of Western Australia (WA) a simple
process is being used to manage climate variability, which relies heavily on the observation
and developing experience of station managers, often in a group setting. This process includes
assessment of both livestock and vegetation and conducting economic analyses. It has been

our experience that by integrating climate information into a full package of pastoral
management, its outcomes are greatly enhanced, as opposed to it being presented and used in
isolation.

KNOWING YOUR CLIMATE

The chance of receiving an average winter break in the WA Southern Rangelands is
extremely low. Figure 1 illustrates that the chance of receiving an average winter break in the
Meekatharra region of the Southern Rangelands is approximately 20 %; not exactly the odds
someone would be prepared to make a major financial decision on unless it was accompanied
with other complementary information about the enterprise. In addition to the probability of
the amount of rain received during this period, the spatial variation on which it falls on a
single pastoral station can also vary considerably. Anecdotes of the north end of a station

receiving twice to three times the rainfall what the south end receives over the years are
common in the region and demonstrate the variability of the region's climate.

Climatically the region is defined as a desert and hence the concept of an `average' year is for
most practical purposes of no real value as it does not provide an accurate reflection of the
major peaks and troughs of seasonal rainfall. In addition to the high variation in the annual
rainfall, the degree to which it is effective, in terms of generating a vegetative `pulse' from the
pasture community is influenced by the timing and intensity at which it falls.
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Date of first event at MEEKATHARRA AMO COMPOSITE'
Analysis of historical data 0908 to 1996)
Event at least 25 mm In 3 days. Rainfall penod: 1 Jun to 31 Jul
%of all veers

iW

80

60

40

20

Date of first event alter 1 Jun

Source' Rainman StreamFlow

Figure 1: Chance of receiving 25 mm over 3 days in the winter growing season in

Meekatharra
Figure 2 illustrates the high variability in annual rainfall between 1908 -2006 in Meekatharra.
The region is prone to a `feast and famine' climatic pattern which involves extended periods
of above average or below average annual rainfall. Though this climatic pattern is recognised,
our understanding of the climate systems which drive this pattern remains limited. Hence the

capacity of forecasting models to predict future events is restricted. The consequences of
limited forecasting capability with poor lead times for pastoral production systems means that
other information is necessary in order to accurately match stocking rate to carrying capacity,
based on seasonal variation. Stocking rate is defined as the total feed demand required by
livestock per unit area. Carrying capacity is defined as the total feed available per unit area
able to be consumed at one point in time, without having an adverse impact on rangeland
condition.
Historical record of seasonal rainfall (mm) at MEEKATHARRA AMO COMPOSITE`
Longterm average rainfall (Jan to Dec) is 236 mm
Rainfall penod. Jan to Dec

Below average rainfall

ROM average rainfall
Staving year of rainfall period

Source: Rainman StreamElow

Figure 2: Annual rainfall variation in Meekatharra between 1908 -2005
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The key messages that we have delivered to pastoralists in terms of understanding climatic
variation in the region have involved: defining their growing season, demonstrating the
marginal probabilities of receiving an average or above average growing season, highlighting
the inevitability of major drought episodes, the importance of aligning their production
system with seasonal variability and using actual calendar dates as decision points at which
they will take appropriate action concerning their stocking rates (i.e. critical and key dates).

MANAGING YOUR CLIMATE VARIABILITY
Increasing economic pressures and a reduction in carrying capacity due to ambitious stocking
rates in the past has caused many producers in the WA Southern Rangelands to place greater
scrutiny on the way in which they match stocking rate to carrying capacity. This approach has
two primary objectives: 1) improve productivity by capitalising on good runs of seasons; and
2) improve efficiency and decrease losses by responding decisively to poor seasons. These

objectives in conjunction with market forces like low wool prices have caused some
producers to move away from self -replacing, Merino wool enterprises to those which are
compatible with extensive restocking and de- stocking. Regardless of the enterprise, in order
to ensure that the stocking rate is matched to carrying capacity pastoralists must have ready
access to good climate information in conjunction with other critical production and pasture
information.

As a part of the Gascoyne Murchison Strategy, a major exploratory study was conducted in

order to determine whether there were any reliable indicators which could be used for
seasonal forecasting with useful lead times (Stone et al. 2005). The study essentially found
that there were currently no reliable indicators. Hence, compared to the amount of work and
funding that is involved in seasonal forecasting for rangeland regions in other states, WA

would appear to be the `poor cousin'. However, it has been our experience that this
`impoverishment' of reliable forecasting models may not necessarily be a disadvantage in

relation to the way producers in the region respond to climatic information. It is our
observation that the lack of reliable forecasting actually empowers producers because they are

unable to rely on a forecaster and are more inclined to make their own climatic risk
assessments based on historical records. This also fosters greater accountability because
pastoralists are not able to blame the forecaster for "getting it wrong" and the responsibility of
managing climate variability rests more with them.

Although the seasonal variation in the Southern Rangelands can be extreme, apart from areas
which have been completely denuded and are now essentially annual pastures, well- managed
pastoral stations are buffered through the existence of palatable perennial shrubs and grasses.
This `perennial haystack' allows pastoral production systems to maintain reasonable levels of
livestock productivity and if managed well reduces the need to conduct a rapid de -stock or
restock strictly based on the immediate season.

Key and critical dates are used by producers to manage climate variability in the Southern
Rangelands. A key date is defined as the date from which the predominant growing season
commences. A critical date is defined as the date from which you do not expect to receive any
more effective rainfall. These dates have been useful in managing climate variability because
it provides structure to the decision process and introduces an element of accountability to the
manager if they have not begun to enact a decision by the specific calendar date. Figure 3
provides an example of key and critical dates for a station in the Murchison, WA. These dates
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are used as a basis from which a producer makes the judgement that the existing feed in the
paddock is all that is going to be available until the start of next year's growing season. A
suitable stocking rate is calculated based on the available feed and any adjustments are made
to present numbers at shearing/mustering time.
Monthly rainfall (mm) recorded at MURCHISON (MOUNT NARRYER)
Mean monthly rainfall (mm)

Critical date - 28 August

Key date -10 June

end of winter growing
season, summer rainfall
highly variable and tends not
to generate reliable feed

Jan

Feb

Mar

Apr

May

Jun

Jul

Month

Aug

Sep

Oct

Nov

Dec

Source: Rainman StreamFlow

Figure 3: Key and critical dates of Mount Narryer Station, Murchison WA
Aside from having a realistic expectation of seasonal rainfall and understanding the highly

variable nature of the climate, a critical aspect of `getting the stocking rate right'

is

establishing a process which provides feedback on the system as a whole. This process should
include assessment of both livestock and vegetation as well as economic analyses on various
stocking rate options. The process currently being used by a growing number of producers in
the region includes regular body condition scoring and/or weighing, assessments of feed -on-

offer and completing gross margin analysis (the process is fully explained in Alchin and
Sheehan 2006, in this proceedings).

CONCLUSION
One of the main outcomes we have observed in those pastoralists who have participated in the
approach to integrating an understanding of climate variability with their production system
has been a reduced tendency to procrastinate and delay decisions based on the infamous `hope

for rain' attitude. Pastoralists have found that by observing long term seasonal trends,
possessing a realistic perception of the probability of a growing season, knowing the calendar
dates when a decision has to be made and integrating this information with other economic,
livestock and pasture information they are better equipped to match stocking rate to carrying
capacity based on seasonal variation.
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WITH CONTROLLING TOTAL GRAZING PRESSURE
M. Alchin1'4, J. Pitman' and M. Clinch3

'Department of Agriculture and Food Western Australia, PO Box 108 Meekatharra WA 6642
2Karbar Station PO Box 39, Cue WA 6640
3Nallan Station PO Box 24, Cue WA 6640
4Corresponding author. Email: malchin @agric.wa.gov.au

ABSTRACT
Prior to the widespread development of permanent watering points across the WA semiarid
rangelands, kangaroo grazing pressure was largely moderated by access to ephemeral water
supply. Unlimited, continual access to permanent water sources by western grey kangaroos
(Macropus fuliginosus) has enhanced their capacity to remain in areas in excessive numbers
during extended dry periods. Excessive kangaroo grazing pressure along with procrastination
on de- stocking decisions during these critical periods of pasture establishment and recruitment
has stifled the post- drought recovery phase of high value land- systems on many stations.
The Cue Land Conservation District Committee (LCDC) comprises six pastoral stations who
collectively manage 500 000 ha of Western Australian (WA) semiarid rangelands. The Cue

LCDC is seeking to reduce the level of impact that total grazing pressure has at critical
periods on a regional level through integrating grazing management strategies (rest -based
systems) and proven technologies (total grazing management yards, exclusion fencing and
regeneration works). The major strength of their approach is they are looking beyond their
own individual cadastral boundaries to identify the regional `hot spots' that will be targeted
over the coming years. These regional `hot spots' are defined as those in which the economic

and ecological return will be the highest by investing in improved infrastructure and
regeneration works. As a part of the approach, stations are implementing rest -based grazing
strategies to facilitate the re- establishment of perennial grasses and shrubs and introduce
productive native grasses that have been largely removed from the system. An investment by

the Commonwealth Government of $85 610 for the first year of operation has been
principally used for regional planning and on- ground works.

INCREASE IN KANGAROO POPULATION DISTRIBUTION AND DENSITY
Apart from being the logo of Australia's largest airline and an internationally recognized icon
for foreign tourists, the kangaroo also has the capacity to be a major environmental menace
when its populations are not managed in the WA semi -arid rangelands (Norbury, 1992,
Hacker et al. 2000, Caughley et al. 1990). Although there are varied opinions about the actual
extent to which western grey kangaroo populations have increased since early settlement in

the WA southern rangelands, there is general recognition that numbers have certainly
increased, despite punctuated fluctuations resulting from extreme seasonal episodes
(Caughley et al. 1990). It is well documented that a major driving factor for this substantial
increase in total populations was the development of permanent watering points into areas
which were historically grazed only when ephemeral, surface waters were present (Caughley
et al. 1990).
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The combined effect of excessive grazing pressure by domestic (cattle, sheep and managed
goats) and non -domestic stock (kangaroos, donkeys and camels) during dry periods has
resulted in a significant reduction in the carrying capacity of large tracts of the WA southern
rangelands.

The region is subjected to significant variation in pasture biomass as a result of a highly
variable climate. Previous studies indicate that damage caused by total grazing pressure to
arid pastures is more pronounced and terminal during extended dry seasons when there is
reduced groundcover and the system is most vulnerable (Hacker and Hodgkinson 1995).
These findings are well supported by observations by the Cue LCDC in which they report
localized concentrations of western grey kangaroos and unmanaged goats heavily grazing
desirable pasture species throughout extended dry periods, thereby reducing their root
reserves and capacity to respond to effective rainfall.

THE IMPACT OF TOTAL GRAZING PRESSURE ON THE CUE LAND
CONSERVATION DISTRICT
The members have observed that western grey kangaroos in the Cue region prefer the alluvial
washplain and hardpan country during good seasons, particularly with above average summer
rainfall as there will be an abundance of palatable grasses (both annual and perennial).
Specifically, the group report that western grey kangaroos in the Cue region prefer the Millex
land - system (plains on granite, with irregularly distributed low sandy banks and saline
alluvial plains) and the Trillbar land- system (gently sloping stony plains with low rises of
metamorphic rocks and gilgaied drainage foci). Plant species preferred by kangaroos in the
Cue region include: limestone grass (Enneapogon caerulescens), claypan grass (Eriachne
flaccida), silky browntop ( Eulalia fulva) and silver speargrass (Stipa elegantissima).

At the commencement of the project, the Cue LCDC held a planning workshop which
developed a regional strategy for the control of total grazing pressure in the Cue region which
is effectively acting as a "road -map" guiding the group's investment and plans over the next

three years of the National Landcare Program (NLP) project and beyond. This regional
strategy was developed through integrating existing scientific research, land survey data and
local observation and experience of pastoralists.
Through the workshop process the total non -domestic grazing pressure (only kangaroos and
unmanaged goats) over the total 429 500 ha Cue LCDC project area, was estimated to be 13
611 DSE. The area directly impacted by kangaroos and unmanaged goats was estimated to be
283 150 ha, hence in the impacted area the non -domestic grazing pressure was calculated as 1
per20 ha. Given that recommended stocking rates for the region in good seasons average
between 1 perl5 -30 ha this non -domestic grazing pressure is significant. The combined gross
income that four stations are currently forgoing due to uncontrolled non -domestic grazing
pressure is estimated at $612 495 /year. These values are alarmingly high and provide an
indication of the impact of uncontrolled non- domestic pressure on both land condition and
business profitability.

CUE LCDC'S APPROACH TO MANAGING TOTAL GRAZING PRESSURE
The concept of controlling permanent water supplies through various innovative designs has
been the focus of extensive research over the years and indeed the reason for endless hours of

inventing in pastoralists' workshops. However, despite now having an array of proven
technologies and strategies to control total grazing pressure, the issue remains largely
unabated. The main advantage that the Cue LCDC has in addressing this ongoing issue is the
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group is seeking to address it on a regional basis, extending beyond their own individual
cadastral boundaries. This approach is based on the firm recognition that an individual station

could make a tireless effort to manage the populations at acceptable levels and yet simply
create a `sink' for surrounding populations.

Figure 1 illustrates the way in which the various components of the group's strategy link
together in order to achieve their long -term goals of sustainable production systems which
foster the regeneration of perennial shrub and grass species and improves biodiversity in the
Cue region.

Sustainable production enterprises

Increasing perennial groundcover; improved biodiversity; improved livestock productivity

1
Implemented strategically on a regional level targeting economic and ecological `hot spots'

Cost -effective management options of total grazing pressure

Domestic grazing pressure
(cattle, sheep, managed goats

TGM yards fitted
with selective
entry devices

Rest -based

grazing systems
based on seasonal
variation

Non -domestic grazing pressure
(kangaroos, unmanaged goats)

Electric fencing
in `best'
paddocks

Kangaroo
harvesting by
professional
shooters and
harvesting and
sale of
unmanaged goats

Exclosures seeded
with perennial
grasses to act as
sources at the top
of catchments

Figure 1: Cue LCDC strategy to manage total grazing pressure
MANAGING TOTAL GRAZING PRESSURE TO ACHIEVE NRM OUTCOMES

The Cue LCDC recognise that domestic livestock have the potential to be as equally
destructive an impediment to the post -drought recovery phase of the resource as kangaroos,
and hence are employing rest -based grazing systems. A legitimate and common argument that
many pastoralists attest is that there is little benefit in resting pastures because the paddock

simply becomes a `sink' for other grazers. To manage this threat when the group rest
paddocks they are also restricting access to watering points through installation of TGM yards

and shutting down windmills and pumps. It is recognized that in reasonable seasons, this
strategy will be less effective as kangaroos will be able to obtain water from ephemeral pools.
However, during good seasons the need to manage kangaroo populations is not seen to be of
critical importance because the availability of feed should be adequate. Paddocks with high

pasture value have been fenced off with 7 -wire electric fencing to restrict access of nondomestic grazers, however this is limited to small areas due to the marginal returns on
investment.
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Professional kangaroo shooters also play a role in the overall strategy of managing
populations at acceptable levels. Regular mustering and sale of unmanaged goats also has a
major contribution to a reduction in total grazing pressure and pastoralists recognise they
must be vigilant given goats adaptability and high reproductive capacity even in poor seasons.

One of the innovations the group will be trialing is a selective entry device which was
designed and has been informally tested by Jim Addison from the Department of Agriculture

and Food WA (Kalgoorlie) and Ian McGregor (Yerilla Station). Figure 2 illustrates the
blueprints of the selective entry device which is mounted in the front of the in -gate of TGM
yards to limit ingress of kangaroos at permanent watering points.
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Figure 2: Jim Addison and Ian McGregor design of selective entry device to be fitted on
the in -gates of TGM yards
In semiarid rangelands the most fundamental element of natural resource management is the
maintenance of perennial ground cover and biologically active soils. Therefore strategies and
technologies which cost -effectively manage total grazing pressure, particularly in the post drought recovery phase, are likely to have the greatest impact and return on investment for
both industry and government agencies.
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MEASURES TO AVOID THE `SET AND FORGET' APPROACH TO GRAZING
MANAGEMENT IN WA SEMIARID RANGELANDS
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ABSTRACT
Historically, in the WA southern rangelands the traditional approach of many pastoral stations
to grazing management was to set stocking rates based on previous year's tallies and to make
minimal observation of both pasture condition and livestock performance until next year's

muster. Long -term benchmarking studies and regional monitoring systems in the WA
southern rangelands have highlighted that this `set and forget' approach has contributed to
poor animal productivity and land condition decline. There is growing adoption of an
approach which seeks to objectively assess food -on -offer and make stocking rate decisions to
ensure that it is adjusted to seasonal variation. The value in this approach has more to do with

the `process' than the `product', as it fosters increased observation of pasture condition and
livestock performance. Based on examples from other regions, this approach has the potential
to facilitate significant improvement of sustainability of pastoral stations in the WA southern
rangelands.

TO SET AND FORGET
The most common grazing system in the WA southern rangelands is continuous, set -stocking.
This grazing system remains the preferred option by the majority of pastoral stations for the
following reasons: a perception that conservative, constant stocking rates will create a buffer
in dry seasons; a perception that livestock perform better on their own home range; the threat
of kangaroo and unmanaged goat pressure in rested paddocks; the requirement that watering
point be able to manage large stock numbers; the direct costs of mustering livestock on a

regular basis; time limitations and the need to source off -farm income. It has been our
observation that a continuous, set - stocking grazing system tends to foster a complacent
mindset in which stocking rate decisions are made at shearing time or at the once a year
muster and no ongoing objective monitoring of livestock performance and pasture condition
is carried out. It is recognized that there are some pastoralists who manage a continuous, set stocking system and are vigilant at monitoring livestock productivity, pasture condition and

economic performance throughout the year. However, we consider they tend to be the
exception rather than the rule.

Historically, this approach to set the stocking rate based on the previous year's numbers and
to virtually `forget' about the livestock till the next year's muster, was obviously profitable,
yet not sustainable. Despite pastoralists being more receptive to sustainable land management,
now tending to set their stocking rates more conservatively, livestock productivity in the
southern rangelands generally remains low and regeneration of perennial shrubs and grasses
appears to be static, even in good seasons. Although there is an array of other socio- economic
and biophysical factors which contribute to this dilemma, it is considered that one of the
major drivers is the failure to set realistic business and land management objectives and to
implement a monitoring system which provides objective feedback to assist in the decision making process.
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THE NUMBERS
Anyone who has spent any length of time in WA's southern rangelands will know that there is

a distinct differentiation between the quality of management and final profitability of the
pastoral businesses in the region. However, comprehensive benchmarking studies in the
region have highlighted that even the most innovative and astute managers have significant
scope for improvement. Results from a benchmarking study by Resource Consulting Services
(RCS) using financial performance data from 46 stations in the region revealed that there is an
immediate need for improvement (Figure 1).
Net Economic Profit 2000 -01 for stations in the Gascoyne Murchison
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Figure 1: Net economic profit of 46 stations in the Gascoyne Murchison region
Although the results in Figure 1 are sobering, Table 1 is used as an example to highlight the
potential that exists for WA pastoral businesses to improve their position by improving their
calving rates through being more attentive to matching stocking rate to carrying capacity. If a
station running 2000 breeders increased its branding percentage by 30 %, it would increase its
return on assets more than three times (Table 1). It is considered that this 30% improvement is
indeed possible simply through executing difficult decisions in poor seasons and maximising
opportunity in the good seasons by matching stocking rate to carrying capacity.

Table 1: Sensitivity analysis of branding percentage and profitability
of a pastoral cattle enterprise
Sensitivity Analysis

Branding
Percentage
63%
68%
73%
78%
83%
88%
93%

Return on

Gross mar in/LSU

Assets
4.4%
7.2%

CASH
$53,138

$56.30
$111,092
$61.80
$127,758
10.6%
$72.86
$164,544
11.7%
$73.32
$195,630
13.2%
$76.08
$227,499
14.7%
$78.75
$257,771
16.1%
$80.88
NB: Figures based on actual station in the region running 2000 breeders;
calculations made using `Enterprise Comparison Calculator' developed by
Rosemary Bartle, Rural Business Solutions
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MATCHING STOCKING RATE TO CARRYING CAPACITY
A large research project across southern Australia funded by AWI developed guidelines for
Body Condition Scores (BCS) and feed on offer (F00) requirements to achieve 90% of the
key profit drivers of a Merino enterprise (Oldham et al. 2005). The project's findings have
substantial application to the pastoral region. A key outcome was the annual BCS profile
required to achieve a performance by ewes and their progeny that will deliver 90% of the
maximum production for each of the key profit drivers (i.e. lambing %, mortality %, wool
cut) (Figure 2). It is anticipated that the BCS profile for cattle, exotic sheep and goats is

similar. One of the issues in achieving this BCS profile in the WA pastoralists is the
assessment of FOO in large heterogeneous paddocks in different seasons.
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Figure 2: Body condition score profile to achieve 90% production of key profit drivers
in southern Australia (Oldham et al 2005, Lifetime Wool - The `best bet' optimum
condition score profile for Merino ewes lambing in winter, Sheep Updates 2005)
ASSESSING FOO IN A HIGHLY VARIABLE ENVIRONMENT
A part from during the winter growing season when there is an abundance of ephemeral forbs
providing in -fill between the shrubs, the assessment of FOO is increasingly complex in the

summertime when most of the production losses occur, particularly with weaners. To
overcome this issue pastoralists in the region have been using a method which is used widely
in a variety of different pasture systems. The method simply involves making an objective
assessment of the available feed supply based on calculating the daily requirements of one
DSE. The method draws heavily on pastoralists' observations and experiences and simply
distils much of this subjective information into an objective framework. It is emphasised that
the `process' is more important than the `product' and that the accuracy of the `answer' at the
end of the calculations will only improve over time as pastoralists continue to recalibrate
themselves with feedback relating to livestock BCS and FOO in the paddock. This method
was first introduced in the region and continues to be taught by Resource Consulting Services
at their Grazing For ProfitTM schools.

The area assessed that will feed one DSE for one day is determined in square metres and is
referred to as a DSE Day. This means that one DSE could graze that area for one day and
maintain its body weight. This is then converted to DSE Days per Ha (the third column in
Table 2) by dividing the size of the estimated area to feed a DSE for a day into 10 000 square
metres (1 hectare). The DSE Days per Ha are then converted into DSE Days by multiplying
by the number of hectares in the land -type; the last column in Table 2.
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Table 2: Example of estimates of feed available in a paddock
Land -type
Carnegie (saline plains)
Mileura (Calcrete platforms with
alluvial plains
Challenge (undulating plains)

Total

Hectares

Average DSE Days per
Ha estimated

DSE days of feed
available

6 505
2 572

35.0
17.0

227 675
43 724

789
9 866

7.0

5 523
276 922

These FOO assessments are then used as a basis for stocking rate decisions and are reevaluated on a continual basis throughout the production cycle. Figure 3 illustrates the
complete approach pastoralists in the region are using to match stocking rate to carrying
capacity.

Achieve rangeland, livestock performance and economic objective

Monitor BCS at TGM yard (sample 25) at least every month (increased frequency required
during summer period) in order to achieve BCS profile, monitor key indicator pasture species.
Develop an archive of station -specific photo standards that link FOO to BCS
Make stocking rate decision (buy /sell /agist /supplement)

Feedback to
calibrate the

accuracy of
future FOO

Calculate the economics of stocking the paddock (cost/benefit)

assessments

and assist in
resetting

Calculate how many livestock the assessed FOO can carry based nutritional demands
throughout the production cycle - (actual stock numbers after calculation of average DSE)

future
objectives

Conduct FOO assessment in grazed paddocks on key date - estimate in DSE Days

Identify key and critical dates based on rainfall probabilities
and animal husbandry calendar - actual calendar dates

Set rangeland condition objective - (increase in desirable perennial shrubs and grasses, % ground cover)
Set livestock productivity objective - (production % parameters, weight gain and/or wool cut)
Set economic objective - (gross margin, return on assets)

Figure 3: Basic approach to matching stocking rate to carrying capacity
CONCLUSION
The objective assessment of F00 with pastoralists has indeed been a rapid learning curve and
it is undoubtedly one that is only going to be refined through practice through time. Given the
success of this method in other pastures systems throughout Australia it is envisaged that
further development and specific application of this approach will achieve similar results in
the WA southern rangelands.
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ABSTRACT
Matching livestock numbers with seasonal variation in forage supply is a major challenge for
rangeland graziers. This paper describes the use of a spatial pasture growth model (Paddock
GRASP) to assist stocking rate decisions at either paddock or property levels. The spatial
framework allows the estimation of pasture growth on a paddock by paddock basis, when
sub -models are parameterised for specific soil types and vegetation communities within
individual properties. Forward projection from current conditions for up to 12 months, based
on historical climate data, allows the risk associated with alternative stocking options to be
readily appreciated. Output from the model includes estimates of the long term carrying
capacity of each paddock and pasture type, estimates of the grazing month - stocking rate
options available at the 20th, 50t11 and se percentile levels of future pasture growth, and

expected ground cover at the end of the planning period if the current stocking rate is
maintained, again at the 20t1í, 50t11 and 80 percentile levels. Understanding of the likely
environmental consequences of the current stocking policy and the prospects for future forage

availability should provide useful input to stocking rate decisions in a risk management
context.

INTRODUCTION
Matching livestock numbers with seasonal variation in forage supply is a major challenge for
rangeland graziers. Particularly where rainfall is not distinctly seasonal, as in western NSW,
this task involves consideration of likely future seasonal conditions. Probabilistic estimates of
future pasture growth have considerable potential, to assist stocking rate decisions in these
circumstances, enabling graziers to capitalise on good seasons while minimising the economic
and environmental costs of drought.

To this end, we are working to develop stocking rate decision tools using the PaddockGRASP

model at either paddock or property level. PaddockGRASP is a spatial framework within
which the GRASP pasture growth model (Littleboy and McKeon 1997) can be run for
polygons that represent pasture types within paddocks. The framework allows the estimation
of pasture growth and related variables (e.g. total standing dry matter, stocking rate) from
environmental and metrological data on a paddock by paddock basis, as well as for pasture
types within paddocks. The model accounts for factors such as soil type, existing pasture type

and condition, and tree cover. When combined with seasonal climate risk assessment
techniques it has the capacity to estimate future pasture production and ground cover at
defined level of probability.

PROPERTY SET UP IN PaddockGRASP

Incorporation of a particular property into the Paddock GRASP framework requires
appropriate mapping of infrastructure and land resources as well as the parameterisation of the

GRASP model for each of the vegetation communities on the property. The first step is to
accurately map the physical features of the property.
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In our development of PaddockGRASP for two prototype properties in the Western Division,

boundary fences, internal fences, rivers, dams and roads were first mapped using a GPS
flashcard. Satellite imagery was then used to map land units corresponding to variations in
soil and vegetation attributes, particularly soil water holding capacity and tree basal area
(TBA), which are important for parameterisation of the GRASP model.

From each land unit, soil samples from several locations were collected from depths of 0 -10
cm, 10 -50 cm and 50 -100 cm using a hand auger. Particle size analysis was then used to
determine the soil texture class of each sample and to estimate its water holding capacity.
Permanent Wilting Point and Field Capacity were determined by matching the particle size
distribution (% clay, % silt and % sand) to a standard soil hydraulic property chart.
Approximate TBA for each unit was estimated using the Bitterlich method. A Bitterlich gauge

50 cm long with a cross arm defined by pins 10mm apart was used to count trees with
apparent diameter equal to or wider than the cross -arm at approximately 1.3m above the
ground. Several sites were sampled within each unit, and counts made from several points at
each site. A gauge of these dimensions has a Basal Area Factor of 1.0 so that the count from
any point is equal to the TBA in m2/ha.

MODEL OUTPUT
The model provides both a carrying capacity assessment and a seasonal risk assessment.

Carrying capacity based on long term average pasture growth is provided for both paddocks
and pasture types (Table 1, a and b). The lower carrying capacity of the riverine corridor in
this example may be attributed at least in part to the high tree basal area, and perhaps also the
high clay content that may limit the effectiveness of small rainfall events.

For the seasonal risk assessment, current climate data are downloaded from either SILO or
CLIMARC data files. The model is then run from the beginning of the climate record to the
present, and current conditions, including estimated soil moisture, are saved. Field estimates
of current pasture biomass are then used, together with the historical rainfall record, to project
pasture growth forward for a nominated period (3 -12 months) and provide estimates of the
grazing months available, for a range of stocking rates, at the 20`h, 50th and 80th percentile
levels (Figure 1). The output is provided for each paddock and for land units within paddocks.
In the example given in Figure 1, the grazing months available for the whole paddock at a
stocking rate of lha/DSE range from about 1 month under poor seasonal conditions to about 4
months under good seasonal conditions. The available grazing could be extended to about 8
months, assuming good seasonal conditions, by halving the stocking rate ( 2ha/DSE). The
model also provides the expected ground cover at the end of the period if the current stocking
rate is maintained, again at the 20th 50th and 80th percentile levels (Figure 2).
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Table 1: Long term carrying capacity of each paddock (a) and land type (b) on a
prototype property in the Western Division
a
Area
Ha

Average
Growth

Available
Growth

Accessible
( %)

Safe
Utilisation
%

palatable
%

2.2

1700

230

100

15

10

3,077

2.2

1610

220

100

15

10

965

50

1.8

2000

270

100

15

10

89

Hut

20

1.9

1900

260

100

15

10

43

Irrigation

90

2.5

1420

190

100

15

10

218

400

2.9

1350

180

100

15

10

994

230

4.2

1,040

140

100

15

10

734

230

100

15

10

1,745

Carrying
Capacity

Carrying
Capacity

(DSE)

(Ha/DSE)

Corbins

1570

Harts

460

Holding

Paddocks

Little River

River Gum

3

Un-

Road

900

2.1

1720

Strip

120

2.1

1680

230

100

15

10

243

Whitewood

470

2.6

1490

200

100

15

10

1,062

Totals

4320

2.5

1570

210

100

15

10

9,170

b
Carrying
Capacity

Carrying
Capacity

(DSE)

(Ha/DSE)

1950

Area
Ha

Average
Growth

Available
Growth

Accessible
( %)

Safe
Utilisation
%

palatable
%

1.5

2280

310

100

15

10

2,849

1080

3.0

1120

150

100

15

10

3,208

1180

2.1

1610

220

100

15

10

2,439

The riverine corridor

120

5.5

600

80

100

15

10

675

Totals

4320

2.5

1570

210

100

15

10

9,170

Land Types

Bare red ridges

Un-

i

Coloured cracking clays
adjacent to drainages with trees
Grey cracking clay soils in
drainages

d

Available Pasture = (Annual Growth) x %Accessible x (1- %Unpalatable) x %Safe Utilisation
Growth, Available Pasture, %Accessible, Safe Utilisation %, and %Unpalatable are averaged, weighted by area, over all areas within paddocks
and land types
Safe Utilisation is set by the user and not calculated by PaddockGRASP
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Figure 1: The estimated grazing months available for Corbins paddock at a range of stocking
rates for the six month period from the 9 March 2006 to 9 September 2006 (assuming no further
growth after 9 September 2006). Lines correspond to the 20tH, 50t11 and 80tH percentiles of pasture
growth over the period
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Figure 2: The 20th, 50th and 80th percentile levels of % ground cover (pasture and
grass litter) at the end of the model period (9th September 2006), assuming the
current stocking rate of 1ha/DSE is maintained
CONCLUSIONS
Understanding of the likely environmental consequences of the current stocking policy (in
terms of ground cover) and the prospects for future forage availability should provide useful
input to stocking rate decisions in a risk management context. Livestock trading enterprises,
in particular, should benefit from such information. Graziers utilising software of this type,
which should be readily accessible in coming years, should be better able to match stocking
rate and forage supply and achieve improvements in both profitability and sustainability of
pastoral enterprises.
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MONITORING, REPORTING AND TAKING STOCK ON TOORA STATION -A
LANDHOLDERS PERSPECTIVE
R. Andrews

Toora Station, Wentworth NSW 2648
Email: rmap_office @hotkey.net.au

ABSTRACT
As a keen observer of habitat change on my property, regular recording and monitoring has
been carried out to measure changes using key photo points. The record keeping is simple and
consistently maintained and goes back than 45 years. Along with the photographic evidence
and record keeping, I have more than 60 years experience on rangeland properties. The
following paper covers some of my observations from my ongoing record keeping and
monitoring.

INTRODUCTION
Our property Toora Station is situated approximately 50km north of Wentworth in the
southwest of New South Wales, just west of the Silver City Highway. The property consists
largely of open Belah/Rosewood country, with areas of Black Bluebush, areas of Mallee,
which is mostly open, along with Black Box Woodlands on the floodplain along the Great
Anabranch of the Darling River.

Degradation on our frontage country has largely been "taken up" due to the property having
been fully pipelined for many years, allowing appropriate stocking. We have also heavily
subdivided our property based on landscape /pasture types, which has been very helpful in
enhancing vegetation communities.

RESILIENCE OF THE GRASSLANDS
I have observed over the last 50 years a number of changes in pasture composition. Following
the 1940's drought, there was a great invasion of stemless Saffron Thistle, and it really
appeared as if they were going to take over the country. The stemless Saffron Thistles were in

serious proportions until the 1960's when they decreased to a moderate, now a low
component of the pasture. Wild Turnip was also extremely prevalent in the 1970's, now much
more of a minor cover.

Blue Crowfoot used to be a great standby in our pastures, unfortunately in the 1980's, Toora
was attacked by a large plague of caterpillar species, since then it has unfortunately become
quiet a minor pasture component.
Currently I consider two of the worst weeds we have are Red Brome Grass and Silver Grass.
Both grasses contaminate wool, displace useful palatable species and produce virtually no
useful forage. Red Brome seeds cause tooth loss in sheep, mouth and throat abscesses in

cattle, its just bad news. Other current serious weeds are Wild Sage and Statice, both I
consider `cover up' plants of minimal pasture value. Accompanying photos show the drought
conditions and the recovery of various species throughout the vegetation communities on
Toora.
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WARDS WEED - NOT SO BAD
I used to be really frightened by the great and rapid increase in Wards Weed. "Plants of
Western New South Wales" book states Wards Weed "not known to be utilised" which I feel
is clearly incorrect as I refer to below. It has shown to be highly nutritious when young and
my observation is that in this early stage it is a highly utilised pasture component.
Our paddock, which has the heaviest concentration of Wards Weed, has over the last several

years sustained a stocking rate (rotationally grazed) of over 200 S.DH (sheep days per
hectare) yearly, in seasons of below average rainfall. Toora's overall reasonable season
average is approximately 120 -130 S.D.H.

To get the best out of Wards Weed it must be grazed heavily at an early stage, by doing this it
enables other more desirable pasture to better compete with it, Wards Weed being preferred
over Button Copperburr and Cannonball as an example at this early stage of growth. Toxicity
can occur; it appears particularly when in heavy seed. Could it be a form of grain poisoning?
My thought only, incidentally we have not had any problems to date.
The paddock mentioned at all times has had reasonable ground cover, largely litter and Wards
Weed stalks. The small exclosures shown in the accompanying photographs were set up in the

paddock approximately 5 weeks after the seasonal break in 2003 and clearly illustrate its
utilisation.

Overall, I now believe Wards Weed to be a minor worry.

REVEGETATION OF ERODED AREAS
Over many years I have had great success in reversing erosion, particularly water erosion in
gullies and claypans. Photos from photos sites clearly illustrate quite a dramatic result of
revegetated claypans.

Simple placement of branches and almost any biodegradable material, (it MUST be
biodegradable) break down over time. If the material laid down does not break down there is
the potential that the `cure may be worse than the disease.'
As an example, in a heavy thunderstorm there was a small gutter washed out beside our road
down a creek bank, up to 20cm wide and 20 -30cm deep. I believed filling it with soil would
not permanently solve the problem. My wife suggested we fill it in with dead vegetative
matter, such as weeds, hay or similar trampled in the erosion gully. I doubted if it would be
successful, but decided to give it a try and it "worked a treat" and the gully is now in excellent
condition 6 years later. The essential point is that only biodegradable materials are used, no
synthetic materials.
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INTENSIFICATION OF PASTORAL LANDS IN NORTHERN AUSTRALIA
A. Ash''', L. Hunt, S. Petty3, R. Cowley'', A. Fishers, N. MacDonald and C. Stokes?
'CSIRO Sustainable Ecosystems, 306 Carmody Rd, St Lucia Qid 4067
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DEFINING INTENSIFICATION IN PASTORAL LANDS
The extensive grazing lands of northern Australia for the most part rely on relatively natural
ecosystems that are still structurally intact i.e. the main assemblages of trees, shrubs and
herbaceous plants are still in place. For the purposes of this discussion, pastoral intensification

is defined as increasing the level of external inputs and management to increase animal
production while maintaining the integrity of these essentially natural landscapes. It does not
include landscape transformation activities that may involve tree clearing, planting introduced
pasture species, applying fertiliser or using irrigation. External inputs in pastoral
intensification may include increased fencing and water point development, increased use of
supplements in combination with dietary diagnostic tools such as near infrared spectroscopy

(NIRS), and greater use of electronic and computer technologies to assist remote
management. Increased management inputs that occur as part of pastoral intensification may
include implementation of advanced grazing systems, herd management strategies such as
controlled mating or early weaning, and strategic use of fire. Intensification will often, but not
necessarily, involve increased numbers of cattle.

DRIVERS OF INTENSIFICATION
Pastoral landscapes in northern Australia are undergoing rapid change as momentum builds to
intensify production. There are a number of drivers of this push to intensify production. Like
all other parts of agriculture, costs are rising faster than returns. During the 1980s and 1990s,
improvements in herd management, supplementary feeding and infrastructure development
provided the platform for the northern pastoral industry to intensify its production. Sustained
good prices for cattle and beef from the late 1990s until the present time (Figure 1) have
provided the economic means to implement more intensified production. Farm cash incomes
in northern Australia seem to have particularly benefited from these improved prices, with a
noticeable gap in farm cash incomes emerging between beef properties in northern Australia
and southern Australia in recent years (ABARE 2005). The main market for northern
Australian beef is the live export trade into south -east Asia. Over recent years the demand for
beef from this market has been stable and this has provided a base to the market and given the
northern pastoral industry added confidence. Although northern Queensland has experienced
more El Niños than normal over the last 25 years, which has resulted in below average rainfall
compared with long -term averages, much of the remaining northern Australian rangelands
have had above average seasons during the same period. These favourable seasons are also
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influencing some of the plans to intensify production. It is still not clear whether these 25 year
rainfall trends are just part of natural variability or reflect longer term climate change. There
is some evidence that the increased rainfall trend in the tropics is associated with increased
aerosols in the northern hemisphere (Rotstayn and Lohmann 2002).
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Figure 1: Australian saleyard beef prices
(averaged over all animal types and expressed in cents per kilogram dressed weight in 200506 dollars). Data courtesy of ABARE.

This buoyancy and confidence in the northern beef industry has contributed to rapidly
increasing land values, particularly in the northern pastoral zone, which is based on beef
production (ABARE 2006, Figure 2). Demand for land has come from large family properties
looking to expand their operations and also as a consequence of the drought of 2001 -03,
which resulted in many affected producers actively seeking additional land to spread climatic
risk. The good cattle prices in the lead -up to this drought provided the cash flow necessary to
acquire additional land. These rapidly increasing land prices have also created pressure to
increase production and minimise costs to achieve reasonable returns on capital. The rapid
increase in land prices means that it is now more economic on more extensive properties to
improve infrastructure to lift productivity than acquire additional land.
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44

3ENEFITS AND RISKS OF INTENSIFICATION
Che benefits and risks of intensification have recently been discussed by Stokes et al. (2006).
3pportunities to benefit from intensification are most apparent in large enterprises that have

iistorically had relatively poor water and fencing infrastructure development resulting in
uneven use of the available landscapes by livestock. Improving water distribution may allow
stock numbers to be increased without greatly increasing effective utilisation rates across
ndividual paddocks. As indicated above, development of water points to lift animal numbers
s now more cost effective than acquiring more land e.g. water infrastructure costs are in the
)rder of $200 -$500 per beast area compared with land which is currently over $2000 per beast

irea in the very extensive grazing lands. Key questions that need to be answered in
leveloping more waterpoints are:
Can more even grazing distribution be achieved with additional water points in a paddock
without subdividing the paddock?
If not, can animal behaviour be modified to achieve more even use e.g. rotating the use of
different water points or use of fire and supplements?
If subdivision is necessary, what paddock size and distance from water is optimal in terms
of cost and evenness of use?
Given that the objective is to increase overall levels of utilisation, what are the thresholds
of sustainable pasture use?
0

)ne advantage that increased sub -division provides is better animal control, which provides a
lumber of opportunities:
Better management of grazing pressure through rotational grazing systems. There is little
opportunity to completely rest large paddocks but a larger number of smaller paddocks

allows resting strategies such as wet season spelling to be introduced to improve land

condition, though there can be increased management costs associated with more

1

intensive grazing systems.
More flexibility to successfully use fire to manage grazing pressure and overcome uneven
grazing at patch scales (Andrew 1986).
Lower mustering costs through reducing reliance on expensive helicopter mustering. This
may have some additional benefits in terms of animal handling and temperament.

[n summary the main benefits of intensification are in improving productivity per unit area
Ind in having greater flexibility to improve grazing management and land condition.
However, there are also a number of risks with intensification. These include:

Potential loss of biodiversity. The increased availability of water sources opens up
previously ungrazed areas that may provide refugia for grazing- sensitive species
(Woinarski and Fisher 2003). Also higher levels of utilisation at smaller spatial scales tend
to homogenise the landscape and remove a more diverse grazing regime in both time and
space that likely contributes to plant and animal species diversity.
Loss of landscape heterogeneity. By reducing the spatial scale of grazing through paddock

subdivision it is likely that diet choice is reduced. Large heterogenous paddocks may
provide some buffering against density dependent declines in animal productivity that
occur with increasing stocking rate (Ash et al. 2004), especially in times of drought. In
addition, the greater diet choice in larger paddocks may be of benefit during the dry
season when protein in particular becomes a major limiting factor in the diet.

Decline in land condition through overgrazing. While it is argued above that increased
infrastructure provides increased flexibility to better manage grazing pressure it is likely
that in intensified systems grazing pressures will, on the whole, be maintained closer to
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ecological thresholds. Early warning monitoring systems must be put in place to avoid the
risk of crossing these thresholds when either mistakes in grazing management decisions
occur or when unexpected events occur e.g. extended wet seasons preventing mustering,
or unwanted fire.
A system with more external inputs will be more susceptible to outside influences e.g. an
intensively managed property may be more prone to fail if prices or demand fall (say mad
cow disease occurs in Australia) as they have a higher cost structure and less capacity to
adjust.
There are also other risks associated with increased fragmentation of landscapes, for example
overinvestment in infrastructure with consequences for ecological and economic sustainability

(Ash et al. 2004). The challenge for pastoral management is to make the most of the
opportunities intensification offers and to avoid any negative consequences. This challenge
should not be underestimated because intensification involves a complex array of changes and
decisions that interact and involve strong feedbacks. A systems approach combined with

adaptive management is needed to successfully address these challenges of pastoral
intensification.
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ABSTRACT
This paper examines the impact of incorporating fleece - shedding meat sheep into sheep
enterprises in western NSW, and the associated shift in enterprise focus from wool to meat
production. Sheep breeds such as the Dorper and Damara are enabling producers in western
NSW to operate a carcase -based production system using low maintenance sheep that appear
well suited to low rainfall pastoral areas.

INTRODUCTION
A noticeable change to traditional sheep production (Merinos for wool and meat production)
in western NSW has occurred in the last five years, with the introduction of fleece - shedding
meat sheep breeds. This has been prompted by continued low wool returns, persisting drought
conditions, and the increasing demand for lamb and sheep meat. These breeds are being used
as either terminal sires joined to Merino ewes or to `upgrade' to a pure bred flock from a
Merino base, with ewes retained for subsequent crosses.
METHOD
The SWOT (strengths, weaknesses, opportunities and threats) analysis method is used. To
complete the analysis the authors conducted a literature review, collected anecdotal reports
from producers in western NSW and incorporated their own experience.
RESULTS
Strengths

The Dorper and Damara shed their fleece (wool component) during the year. Purebred
Dorpers and Damaras, and cross -bred animals (once enough generational crosses have been
reached) require no mulesing, crutching or shearing. The minimisation of these activities may
be beneficial to pastoral producers. These activities are time -consuming and costly, and the

associated input costs have been increasing. In addition, sourcing labour and managing
OH &S issues is becoming increasingly difficult. There is also growing animal welfare
pressure and some producers are faced with substantial costs of maintaining or replacing an
older, less functional wool shed.

Dorpers and Damaras have an apparent tolerance to lice infestation and blowfly strike. South
African literature suggests that although Dorpers may be infested by various louse species
these do not seem to reach large numbers or cause production loss, and that blowfly strike
caused by Lucilia cuprina in Dorper sheep is very rare (Fourie, L.J. and Horak, I.G., 2000).

This tolerance to ectoparasites is a distinct advantage in an organic system and on the
extensive rangeland properties where parasite management is time consuming, costly and
difficult.
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The Dorper and Damara have both been reported to survive and produce lambs under harsh
environmental conditions. Producers running Dorper and Damara cross ewes in western NSW
have reported lamb -marking rates of up to 130 percent and ewes lambing three times in two
years. This has been achieved during drought. Cloete et al. (2000) in a review of Dorper
reproductive performance in South Africa found that ewe fertility was consistently around
0.90 (range from 0.75 to 0.97). Further, the number of Dorper lambs weaned per ewe mated
reported in a number of studies varied between 0.99 -1.40. Dorper ewes can maintain this level
of production on poor quality pastures and under harsh environmental conditions (Cloete et al.
2000). If a reasonable lambing can be achieved even in dry years in western NSW, this will

have implications for the retention of a reasonable flock structure, increased genetic
improvement through an ability to apply a greater selection intensity and, importantly,
improved cash flow and gross margins compared with traditional wool -based enterprises.

The demand for lamb and sheep meat is increasing, and market outlooks (particularly for the
continued development of export markets) are positive. Dorpers and Damaras appear to be
able to achieve good growth rates and producers are optimistic that they will be able to finish

lambs to specification in the majority of years. Anecdotal evidence from western NSW
suggests Dorper and Damara crosses are capable of producing a marketable trade weight
carcase and/or live trade liveweight (35 -45kg) by six to seven months of age.

The carcase characteristics of the Dorper have been well accepted into the traditional prime
lamb carcase trade in Australia. Informal feedback from processors that have handled Dorper
cross carcases produced in western NSW has been positive. The Dorper carcase has well fleshed hindquarters and high muscle yield without excessive fat deposition (Duddy pers.
comm. 2005).

The Damara is highly suitable for the live export trade to the Middle East where fat tailed
breeds are preferred (Scott, 2002) over traditionally exported Merino wethers. However, the
Damara does not produce a traditional prime lamb carcase.
Weaknesses
Currently there is a limited knowledge of the production characteristics and management
requirements of these breeds in Australia, particularly with regards to their grazing behaviour
and impact on rangeland landscapes.

Pigmented and medullated fibres (White Dorpers only have medullated fibres) pose a clip
contamination risk, when these breeds are run with Merinos. Careful management is required
to avoid contamination.

The current price of flock Dorper rams is high mainly due to limited supply, for example
flock Dorper rams at a Dubbo sale in 2005 averaged $1800 with a top price paid of $2500
(The Land, 22 September 2005). This adds to the cost of production, and can mean a large
initial investment for a complete enterprise change.

The uncertainty and variability of the live export market is a concern to some Damara
producers. This has prompted some producers to join Dorper rams to Damara ewes, with an
aim to improve the carcase characteristics of the progeny.

The seasonal variability in western NSW will mean that the time taken to finish Iambs to
specification will vary depending on season and in some years may not be achievable. This

will make it difficult for producers to supply lambs at specific times of the year or to
guarantee a supply to processors.
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Opportunities
Dorpers and Damaras are well suited to organic management in pastoral areas. A small
number of organic certified Damara and Dorper cross lamb producers in western NSW, have
consistently received significant premiums compared to traditional Merino and /or terminal
sire crossbred lamb market returns and, importantly, positive product feedback. Returns for
organic Dorper lambs were significantly higher (25 -50 percent premium) than traditional sale
yard prices in 2004/05 (Duddy and Neeson, 2005). The organic lamb market in Australia has

been growing at an estimated 30 percent annually and this trend is expected to continue
(Thatcher, 2005). There are opportunities to develop export markets. The challenge for
organic producers is to improve consistency of supply and increase volume to meet demand.
The development of grower alliances could assist in ensuring a constant year round supply
that consistently meets specification.

The reported reproductive performance and growth rates will allow the development of
sustainable breeder /finisher alliances. These may be established in poor seasons when
producers are unable to finish stock to specification, or producers may choose not to finish
lambs regardless of seasonal conditions, instead preferring to turn them off at a particular
weight to be finished elsewhere.

Anecdotal evidence from western NSW suggests that accelerated lambing programs (ie.
lambing three times in two years) may suit both Dorper and Damara enterprises. Accelerated
lambing systems are discussed widely in South African literature. For example, Cloete et al.

(2000) reported Dorpers producing 1.48 lambs weaned per ewe mated per annum in
accelerated lambing systems. However, some studies could not prove conclusively that ewes

run on natural pasture under an accelerated joining program improved reproductive
performance above that of annual joining. Further work to look at accelerated joining in
pastoral areas using these breeds needs to be conducted. A successful accelerated lambing
program has the potential to increase gross margins substantially and improve the seasonal
supply of lambs.

It has been suggested that Dorpers and Damaras are less selective grazers compared to
Merinos. A South African study reported that Dorpers are less -selective grazers compared to
Merino sheep (Brand, 2000). However, other studies have found no difference in the selective

grazing behaviour of Dorpers and Merinos (de Waal and Combrinck, 2000). The feed
utilisation and diet selection of Damara and Dorper sheep needs to be investigated further in
Australia, as there is potential to manage these animals using tactical grazing management
principles for environmental gains.

There is also a possibility of establishing by- product markets. For example, Damaras and
Dorpers are recognised internationally for their skin quality attributes (Terblanche, 1979 cited
in Cloete, 2000; Scott, 2002). This has the potential to increase returns for Damaras and
Dorpers as purebred numbers increase provided numbers are available for large scale value
adding (Duddy pers comm. 2005).

Threats
There is a risk associated with operating a single commodity enterprise. Traditional western
NSW sheep production systems have produced both wool and meat. A shift to a single
commodity enterprise (meat only) means that the enterprise is more vulnerable to market
fluctuations.
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There is also the possibility of land degradation and overgrazing as a result of their
`hardiness' and ability to produce even in poor seasonal conditions. This could become a
problem in instances where managers may delay the decision to de- stock, based on the
condition of the animals rather than the condition of pastures.

A wider industry concern is the number of Merino ewes in western NSW being joined to sires
other than Merinos, possibly eroding the Merino ewe base. This would impact significantly

on traditional prime lamb production. Traditional prime lamb producers in eastern NSW
prefer to source large framed `western' ewes for breeding first cross ewes.

CONCLUSION
Fleece shedding meat sheep are providing pastoral producers with an opportunity to change
the focus of their sheep production system to meat production. The extent to which the

adoption of these breeds expands in pastoral areas will depend upon the comparative
profitability of wool and meat production, and the performance of these breeds over time in
pastoral areas.

This analysis recognises our limited knowledge of the production characteristics and
management requirements of these breeds in Australia and highlights areas requiring
investigation, such as the grazing and foraging behaviour of these animals.
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ABSTRACT
The main driver behind the Queensland and Australian governments' work on wetlands is to

support projects and programs that will result in long -term benefits to the biodiversity,
management and sustainable use, and conservation of Queensland wetlands.

The Queensland Wetlands Programme is funded through two sub programmes and involves
cash and in -kind government support. The two Programmes are the Queensland Natural
Heritage Trust Wetlands Programme (NHT Wetland Programme) and the Great Barrier Reef
Programme. It commenced in 2003, and is being implemented over 5 years. A number of
projects are being funded under the NHT Queensland Wetlands Programme including:
Wetland Mapping and Classification; Wetland Inventory Database (Wetlandlnfo Queensland);
Wetland Management Profiles; Monitoring, Evaluation and Reporting Strategy; and
Information Review and Gap Analysis.

-

This poster will broadly focus on the Wetlands Mapping and Classification and Wetlandinfo
Queensland projects.

INTRODUCTION
No one organisation industry, research or government department is responsible for all
knowledge and information, research and management of Queenslands wetlands. Through
the various projects under the Queensland Wetlands Programme, information on Queensland
wetlands will be captured, stored, dessimated, and updated through Wetlandlnfo Queensland.
This can assist stakeholders with wetland self -management; regulatory frameworks; education
and extension; science and research; partnerships and incentives; priorities and targets; and
monitoring and evaluation.

METHODS
The purpose of the Queensland Wetland Mapping and Classification project is to incorporate
existing knowledge, and to map and classify Queensland wetlands into a comprehensive,

wetland coverage, at a scale and level of detail that can support informed management
decision -making.
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Figure 1: Qld Wetland Mapping Extent and Scale

The mapping methodology uses existing mapping layers (topographic, vegetation, satellite
imagery etc.) and combines these in a manner that maximises the usefulness of each layer.
All areas of the state will be mapped to a 1: 100,000 (min of 5 ha) scale, with areas of the
Great Barrier Reef being mapped to 1:50,000 (min of 1 ha) scale.
Wetlandinfo Queensland will provide a fIrst stop shop for wetland information. It will consist
of a number of databases, specifIcally a geodatabase (spatially enabled relational database)
that will integrate with other databases and websites and will capture pre-existing information
collected, and the information developed by the Wetlands Programme, and its underlying
projects.
ADVANTAGES AND OUTCOMES FOR STAKEHOLDERS
Wetlandinfo Queensland, will provide a single information system on wetland maps and data,
in an easy to use format. This addresses the challenge of capturing, storing, sourcing and
dessiminating wetlands information through a single point, and delivers the information
through a number of mechanisms eg web-based, CD's and information sheets.

Some outcomes include:
• Improves the Queensland wetland information base;
• Enables multiple stakeholders to access, and add data and update information;
• Guides investment areas in Natural Resource Mangement funding;
• Ass~sts in developing on-ground activities to protect and rehabilitate wetlands;
• Provides education and capacity building;
• Improves wetland communication; monitoring, evaluation;
• Guides priority acquisitions and conservation agreements; and
• Provides specifIc and consistent advice to State government agencies, regional bodies and
community, local government regarding wetland extent, values and impacts.
FOR MORE INFORMATION
http://www.epa.qld.gov.au/nature_conservation/habitats/wetlandslwetlandinfol

http://www.deh.gov.au/coasts/pollution/qldwetlands/nhtwetlands.html
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ABSTRACT
Reliable indicators of rangeland condition enable land managers to understand the ecological
dynamics surrounding their management activities and predict the consequences of their
actions. However, no indicator is perfect; hence there is a need to accommodate uncertainty in
the assessment of rangeland condition. This paper describes the development of a rangeland
condition assessment tool for the Ironbark- Spotted Gum woodland of the Lockyer Valley,
South -East Queensland, that implements both compositional and functional indicators within
a Bayesian Belief Network (BBN) to accommodate uncertainty.

INTRODUCTION
Indicators of rangeland condition change provide valuable information to assist land managers
in their decision making. Since ecological processes are often difficult to measure due to their
complexity, indicators, such as species presence (and absence), distribution and quantity, are a

valuable mechanism for assessing the condition or health of rangeland ecosystems
(Scarnecchia 1994).
The management goal, or answering the question "Condition for what ?" is the key to deciding
which factors should be used to assess rangeland condition. In most cases, changes in status
of each factor, relative to its potential within a particular land use will facilitate an assessment

of rangeland condition (Wilson and Tupper 1982). Although researchers have developed
sophisticated methods of assessing rangeland condition, it is not easy to accommodate the
uncertainty associated with the indicators used. Bayesian Belief Networks (BBN) (Jensen
2001) provide a tool that can help solve this problem. They allow for the construction of cause
and effect models, and relate variables using conditional probabilities. This allows uncertainty

to be explicitly incorporated into models. In this paper, we use vegetation structure and
composition indicators of rangeland condition, along with soil function indices, to construct a
BBN model for assessing rangeland condition that accommodates indicator uncertainty.

METHOD
Sixty -nine sample plots in Ironbark- Spotted Gum woodland near Gatton, Queensland, were
surveyed. These plots were categorised into ungrazed, slightly grazed, moderately grazed and
severely grazed sites, covering a grazing gradient. Species frequency and percentage cover
were measured at each plot using the Step Point method (Raymond and Love 1957) and
Braun -Blanquet method (Braun -Blanquet 1932). A modified pasture condition score sheet of
Cosgrove et al. (2001) was used to determine the grazing impact at each plot. Landscape
Function Analysis (LFA) was used to characterize each plot in terms of stability, infiltration
and nutrient cycling (Tongway and Hindley 2004).
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Principal component analysis (PCA) was conducted on species composition and LFA data, to
identify correlations with grazing gradient. Indices with a high correlation to grazing gradient
were used to construct a BBN model for assessing land condition, using NeticaTM software

(Norsys Software Corporation 1998). This involved (a) building an influence diagram
showing the relationship between indicators and condition, and (b) populating the influence
diagram with probabilities using data from the 69 sample plots to produce a predictive model.
To test the behaviour of the completed BBN and highlight any inconsistencies in the model,
sensitivity analysis was preformed using the model.
RESULTS AND DISCUSSION
Six plant species were found to be sensitive to the grazing gradient (Table 1). The LFA soil

stability index was found to decrease as grazing increased (Figure 1) but infiltration and
nutrient cycling indices did not differ significantly (P < 0.05) between sites with different
grazing levels. It has been argued high grazing pressure decreases infiltration in pastures and
this leads to lower productivity as plants are unable to access water (Bennet 1996). However,

the results of this study indicate that infiltration does not differ significantly as grazing
intensity increases. It suggests that in Sandstone landforms, due to their naturally high
infiltration rate, infiltration cannot be regarded as a discriminative indicator of condition.

Table 1: Indicator species and their correlation with grazing gradient
Species

Heteropogon contortus
Cynadon dactylon
Eremochloa bimaculata
Aristida sp
Portulaca sp
Chloris gayana

Un- grazed.

R2

0.9
0.9
0.6
0.5
0.7
0.5

D

Maximum
Measured

0.994
0.964
0.769
0.696
0.895
0.747

abundance ( %)
68.0
75
50
36
7.0
44.0

Slightly

Moderately

grazed

grazed

Severley
grazed

Figure 1: Influence of grazing gradient on soil stability
Sensitivity analysis using the BBN model indicated that condition score was most sensitive to
soil stability index and the abundance of tall tussock grasses such as Heteropogon contortus,
and less sensitive to the abundance of annual forbs such as Portulaca sp (Table2).
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Table 2: Sensitivity analysis for indicators of pasture condition
Importance
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The predictive and diagnostic capabilities of BBNs have the potential to provide valuable
information to rangeland managers by allowing them to conduct scenario analysis. Figure 2a
is an example of the condition model being used in predictive mode. The selected states of
inputs (outer boxes) represent known findings for condition indicators at a site. Those inputs
with no select state (eg. Plant Cover) are indicators that have not been measured for the site,
so a prior probability is used. The model shows that, under this scenario, the site is most likely
to be in excellent condition (68% chance). As findings for more indicators are inserted into
the model, the confidence that at site is in a particular condition increases. Figure 2b is an
example of the condition model being used in diagnostic mode. The model now shows the

likely characteristics of a site for a particular condition outcome. In this example, sites in
excellent condition are most likely to have high soil stability, very dense plant cover, and a
high abundance of Heteropogon contortus compared to other species.
The advantage of using a BBN based tool is that it allows uncertainty in the assessment of
condition to be expressed using probability. The simplicity of the approach, the graphical
nature of the models and their scenario analysis capabilities also facilitate the communication
of land condition dynamics with land managers. The authors of this paper are currently
linking a land condition assessment tool to a land management model, which has been

developed using a BBN. This will further allow managers to predict the degradation
consequences of land management decisions, and identify those management scenarios that
are most likely to prevent decline in land condition.

Condition

Cynadon Dactylon
Oto20
90.6`
20 to 40

Excellent
Good
Moderate
Poor

9.38

11,9±8.2

68.2
10.6
10.6
10.6

-

Eremochloa Bimaculata I
0 to 20

20to40

96.9
3.13

10.6t6.7

,

Plant Cover
Very Dense
Dense
Moderate
Sparse

s

I

(a) BBN model in predictive mode
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50.0
15.6
12.5
21.9

Oto20

91.5

20 to 40

8.46

Heteropogon Contortus

Aristida sp

Chlorfis Gayana
O to 20

87.9

O to 20

20 to 40

12.1

20 to 40
40 to 60

12.4 ± 8.7

11.7 ± 8

49.5
22.9
17.6
10.0

60 to SO

27.6 ± 21

Soil Stability Index

Cynadon Dactylon
0 to 20
20 to 40

High

93.6
6.43

Moderate
Low

11.3 ± 7.6

Very Low

Ere mochloa Bimaculata
O

to 20

20to40

97.6 `
2.38

10.5 ± 6.5

_I__ E._
_

Portulaca sp
f
100'

0 to 20
20 to 40

40to60

0+

0+
10±5.8

45.0
27.5
20.9
6.53

Plant Cover

I

Very Dense
Dense
Moderate
Sparse

64.4
14.2
7.38

j

14.1

(b) BBN model in diagnostic mode

Figure 2: (a) Using the model in predictive mode to assess the likelihood of a condition,
and (b) for diagnostic assessment to determine the most likely characteristics of a site
under a specific condition
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ABSTRACT

With the support of funding from the Land, Water & Wool program, we worked with
woolgrowers in north eastern South Australia to adapt MODIS- derived images of cover into

products useful for monitoring and managing vegetation at paddock and property scale.
Products included maps of fractional cover scaled to the interests of individual producers,
maps simplified to three classes of cover and time -trace summaries of average cover by land
type for particular paddocks. We report project results and steps still required to progress this

technology to a workable system that can assist property -level management of natural
resources.

INTRODUCTION
Monitoring data to inform appropriate adaptive management decisions is critical in complex
environments (Rempel et al. 2004). This is particularly the case for pastoral land use in the
rangelands. The requirements for wool producers to monitor are largely self -evident and could
include:
1. their need to manage in a highly variable environment;
2. the requirement to preserve the health of the natural resource base so that its function and

future productive potential is not impaired; and
3.

proactively working with the wool industry to develop tools that assist in guaranteeing
environmentally safe production.

Pastoralists in the first instance probably base paddock stocking decisions largely on the
quantity and quality of forage available for the class of stock being run. To a greater or lesser
degree, they also use indicators of longer term change such as composition (or perhaps
density or diversity) of palatable species (particularly perennials), the balance between pasture
and woody species, and soil indicators (surface cover, erosion etc). Their monitoring may be
either formal (at fixed locations, photos supplemented by recorded observations) or largely
informal (observations on water runs, diary notes, photos at points of interest etc) and may be

complemented by the results of an agency monitoring program. Observations are largely
ground -based although managers who fly obtain an additional aerial perspective.

Some agency monitoring programs have capitalised on the complete and regular coverage
provided by some forms of satellite -based remote sensing and their image archives. However
there has been limited access by pastoralists to this technology to date. The main impediments
have been cost and difficulty in accessing data, and then lack of suitable methods (mainly
software tools) to transform data into useful information products. The availability of free

MODIS imagery via the internet, improved communication services in some parts of the
rangelands together with the rapidly increasing power of personal computers and the
expanding range of freeware products mean that this technology is now within the reach of
land managers.
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We obtained funding from the Land, Water & Wool program that assisted us to work with
eight woolgrower families in north eastern South Australia to test whether remote sensing
products that allowed more comprehensive and precise assessments of vegetation cover could
assist their grazing management. Specific objectives were to build effective relationships with
woolgrowers; provide images and graphs of cover through time at paddock scale; develop and
test software tools to automate the creation of these products; and, dependent on progress to
this point, test options for delivering and displaying products through a web -like interface.

INITIAL WORKSHOPS
During initial workshops with woolgrowers in late March 2005 to introduce the project,
participants were sceptical that they would use information derived from satellite data to make

decisions about their current grazing management practices (e.g. number of sheep in each
paddock and the time over which these flock sizes were maintained in the paddock). However
all producers saw value in satellite- derived maps of cover as a way of complementing current
methods used to monitor their land and vegetation. Most woolgrowers also said that they
would appreciate current information being placed against historical context ( "knowing where
I am now compared to where I have come from "). The existence of a substantial archive of
satellite imagery (dating back 30+ years) meant this request was achievable. Encouragingly,
all woolgrower families were keen to participate in the project.

To meet the request for historical context, we provided:
1. Time traces of average values of the Normalised Difference Vegetation Index (NDVI),
stratified by land type, for the project area (8,213 sq km) for the period 1981 -2003. NDVI
values, which indicate vegetation greenness and to some extent cover, were derived from
Advanced Very High Resolution Radiometer data and showed a decreasing trend since the
mid 1990s, i.e. declining seasonal quality. Recent years have some of the lowest NDVI
values in the 20+ year record.
2. Digital Landsat images (11 image dates) from the Australian Greenhouse Office archive
http:
(see
1972 -2002
station
for
the
period
for
each
/ /www.ga.gov.au /acres /prod_ser /agosuite.jsp). We also provided freeware image viewing
software (Open EV), documented instructions and some tuition on its use while visiting
woolgrower families.

PRODUCT DEVELOPMENT AND DELIVERY
MODIS Imagery
MODIS is the MODerate resolution Imaging Spectro- radiometer and is carried on the Terra
and Aqua satellites, first launched in 1999. The data are free and can be downloaded as
various image products from either the US or the Australian Centre for Remote Sensing (see
http://www.ga.gov.au/acres/prod_ser/modisprice.jsp). We used the MOD13Q1 image product,
obtained from the CSIRO Land & Water archive for the period 2000 -2004 and downloaded
during 2005 from the US web -site data pool (ftp site e0dpsOlu.ecs.nasa.gov). MOD13Q1 is a
16 -day cloud -free composite product with a pixel size of approximately 230 -m. Images were
reprojected to the Australian Map Grid and the visible red band (0.6 -0.7 µm) of each image
combined to provide a total of 113 image dates. The visible red band, when appropriately
scaled, provided a simple and reasonably robust index of vegetation cover for the region most
of the time. When moisture appeared to be present, cover values spiked to produce falsely
high values with these anomalies occurring most frequently in winter. These anomalies were
caused either by changed reflectance properties of a moist soil surface or increased water

vapour in the atmosphere. Due to our emphasis on tailoring products for, and building
relationships with, woolgrowers we elected to minimise this difficulty by removing problem
images from the time -series comparison rather than find a technical solution.
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Customised Images of Fractional Cover
During station visits (September-December 2005), we worked with family members to
produce tailored ilnages of cover using a laptop computer. Areas with dense woody cover
were usually highlighted and then removed from further analysis. Remaining areas were then
mapped using a ramped colour display stretched according to relative cover present (between
bare ground and highest cover, excluding dense woody vegetation). Printed colour maps of
cover for suitable image dates through 2005 based on the relevant station display were
subsequently supplied to each woolgrower family, in December 2005 and March 2006.
In workshop discussions, project participants agreed that image displays scaled to show cover

differences at paddock or station scale (Fig. 1) were most relevant to managing their
vegetation resource. They were less interested in a benchmarking approach where cover in
focus paddocks or across a station would be compared with regional performance for each
image date. In this example (Fig. 1), scaling cover to the range present in the paddock shows
more detail than scaling to the property or region. Scaling by property in tum shows a little
more detail than that for the region.

20 km

Paddock
Property
Region
Figure 1: Cover index derived from the visible red band of MODIS imagery for 23 r4
April 2005 scaled to the cover range of a paddock (left panel), property (centre panel)
and project area (right panel). Increasing brightness indicates decreasing cover
Time Traces of Cover
Multi-temporal images of vegetation cover for each station were summarised as time traces of
average cover across land types within paddocks. These time traces can be viewed either as a
continuous record for the duration of MODIS imagery or as a year-on-year record. At the
fmal evaluation workshops, woolgrowers considered both display types useful. For the yearon-year option, average cover levels in a paddock for all years of available data are plotted on
a calendar-year basis (i.e. January to December). Average cover values for the current year
can be emphasised for comparison against previous years and it may also be useful to show
the accumulating average of cover levels in previous years.
Managing Grazing for Different Cover Classes
Cover values can be presented to show changes in categories (such as low, medium, high).
The spatial distribution of these classes and their changing pattern over time may assist
woolgrowers to manage cover against preset targets. We acknowledge that managing grazing
pressure and its distribution in paddocks is vastly more complex than briefly described here.
However, the positive response of most woolgrowers to demonstrated products encourages us
that this product-type is a useful way of presenting MODIS-derived information about cover.
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PRODUCT EVALUATION
We held two workshops with woolgrower families in March 2006 to formally evaluate
products and establish the level of support for expanding the project should suitable funding
become available. The first workshop was with woolgrower families in the project area and

the second involved a new group from neighbouring stations who had not been directly
involved in the project, although some were aware of it. Participants in both workshops
provided positive feedback about products developed during the project. Producers were more

interested in longer term interpretation of cover change ( "where am I now compared with
where have I been ? ") although their consensus was that products also have some value in
tracking shorter term (seasonal) changes in cover (i.e. to assist decisions about current
stocking). As indicated earlier, participants in both groups thought that products emphasising

cover differences at paddock and/or property scale were more useful than comparing
(benchmarking) their place against regional cover levels, but that regional comparison had
value too. All were enthusiastic for the project to continue across an expanded area (possibly
multiple regions in different states) and with increased focus on product delivery and uptake
by users.

FURTHER DEVELOPMENT
To truly deliver on the potential of MODIS imagery as a monitoring tool for woolgrowers
(and pastoralists generally), we need to provide robust software that forms the interface
between standardised imagery and those information products desired by managers. This
might work through a web -based subscription service where eligible producers download the

latest available images for just their station via password protection. Images would be
processed to a consistent index of cover by a commercial supplier. Menu -driven software
installed on the family computer would then allow user -specified choices about type of scaled
cover display (paddock, station, property), options for infrastructure overlay (fences, tracks,
waterpoints etc) to assist interpretation, and associated time -trace summaries for selected

paddocks (continuous, year -on- year). There are a number of technical challenges to
establishing such a service and obviously the economic feasibility of this delivery model
needs to be established. Also, significantly, training and ongoing technical support that allows
producers to fully utilise such a service is paramount to its success.
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ABSTRACT
ACRIS is the Australian Collaborative Rangeland Information System. Here, we describe
how ACRIS is progressing towards an information system to report and understand change in
the rangelands. This progress is based on reporting activity across pilot regions in 2004 -05
and progress currently being made towards a more comprehensive account of change for the
entire rangelands. This report will be delivered in late 2007.

INTRODUCTION
ACRIS is the Australian Collaborative Rangeland Information System (see
http: / /deh.gov.au/landfmanagement /rangelands /acris /index.html) and its primary purpose is to

collate and analyse data that allows reporting of change in Australia's rangelands. To the
extent possible, we also want to understand and explain the reasons for reported change.
Although we will never have sufficient data to allow comprehensive reporting of biophysical,
economic and social domains across all the rangelands, ACRIS is the first attempt at building
a systematic picture of the current state of the rangelands and how, where, and at what rate
they are changing.

ACRIS operates as a partnership of state, Northern Territory and Australian Government
agencies with an interest in the rangelands. Its activities are guided by a management
committee of representatives from these partner agencies. The Natural Heritage Trust (NHT)
provides funding support to assist agencies with their reporting and also supports a small
management unit that includes the Desert Knowledge Cooperative Research Centre.

ACRIS AS AN INFORMATION SYSTEM
The emphasis for ACRIS is on the "IS" part of the acronym, i.e. the information system.

ACRIS does not, and will not, have the resources to perform additional monitoring to
accurately report the extent of, and reasons for, change. Nor is it a data warehouse. Rather we

rely on relevant state, NT and Australian Government agencies to contribute data and
information as part of their service or regulatory functions. However, with the assistance
provided by current NHT funding, ACRIS is using targeted investment to fill some data gaps.

The ACRIS Management Unit collates available data, conducts further analyses (meta analysis) as appropriate and reports results (Fig. 1). We expect that regional Natural Resource
Management groups will contribute relevant data where possible and use ACRIS information
products to assist their reporting on regional resource condition targets.
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ACRIS as an Information System
t Agency databases wig*
raw regional data
{dwerse data collected
with different mettttrds)

6

Activity
in one State
or the NT

Raw

`universal' data
rears State or
nafionat sources
e g. Cover,

ABS Census data

ay Raglans' Data

4 Equivalent data lee
other regions /jun.44 tt

..4

3

Climate & other
contextual data

7 Nationally

ACRIS Products
ACRIS
Management
Unit

5

Available Datasets

National Syntheses of
Available Datasets

(e.g. National Vegetatior
Information System)

(at regional resolution
or finer)

Reporting

The top shaded area represents
data collection and reporting by a
state/NT. Monitoring data are
collected, collated and analysed
(box 1) and reported at regional
level for specific purposes (box 2).
The ACRIS Management Unit
(lower clear area):
collates various key regional
data,
conducts meta -analysis as
appropriate,
interprets results against
climate and other causes of
change (box 3),
combines with equivalent data
from other jurisdictions (box
4), and
reports through national
syntheses of available data
(box 5).
Some data types are more
universal and are used by
jurisdictions and ACRIS for
reporting (box 6). The
Management Unit also accesses,
collates and analyses (as required)
nationally available datasets
(box 7).

Figure 1: Stylised representation of ACRIS as the information system for reporting
change in the rangelands
PROGRESS WITH ACRIS REPORTING
Pilot Regions
The critical first stage for ACRIS was testing the quality of our information and our capacity
to combine it into a national picture. We tested the reporting system across five pilot regions
(Gascoyne Murchison, WA; Gawler Bioregion, SA; Darling Riverine Plains Bioregion, NSW;

Desert Uplands Bioregion, Queensland; and Victoria River District, NT) addressing five
focus questions. Results and reporting success are summarised in the brochure ACRIS
Reporting Change in the Rangelands (available at http : / /deh.gov.aulland/management
/rangelands /acris /index.html). We found that for the period 1992 -2003:
critical stock forage has generally improved,
the density of native plant species was stable in most areas,

landscape function was mostly stable although it decreased in some areas during periods
of poor rainfall,
clearing in two regions has decreased cover but other components of cover have remained
generally stable, and
analysis of Australian Bureau of Statistics census data shows that communities living in
the rangelands are becoming less diverse and this may result in a reduced capacity for
change. Separate to these national data, some regional data show that individual regions
are adapting to change.
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A comprehensive national synthesis (Bastin et al. 2005) sits behind these highly summarised

results. This synthesis was built from individual pilot -region reports, four of which are
accessible from the ACRIS web site and several are presented at this conference. The national
synthesis includes a confidence estimate on responses to questions (based on spatial coverage

and relevance of available data to the question) and comments on our ability to undertake
more complete reporting across all of the rangelands.

2007 Reporting
We are now working towards a report in 2007 for the entire rangelands, that documents recent
change (1992 -2005) for a number of themes based on component products of those themes
(Table 1). This report has been requested by the Audit Advisory Committee and Natural
Resource Programs and Policy Committee, both of which are joint Australian - State/NT
government policy committees.

Table 1: Themes, products and information sources for 2007 reporting by ACRIS
Theme
Indicators of
landscape or

Products
Supplier
Rangeland states & NT
Change in landscape function
Information on vegetation cover, plant density as available

ecosystem change
Indicators of
sustainable
management

Regional resource condition assessments
Management of the pastoral estate (mainly forage
quality)
Add to national photographic sequence
Components of total grazing pressure
Fire record - extent, frequency & timing of fire
Dust Storm Index
Land cover change - particularly satellite data
ground sources as available (species richness etc)
Regional biodiversity surveys as available
complemented by national data (e.g. the National
Vegetation Information System, NVIS)
Largely based on distribution of waterpoints
(we presume that rangeland surface & ground
water resources will be reported as part of the
national water initiative)
Sustainable management derived from changes in
land values, land use etc
Seasonal characteristics (mainly as context to
assist with interpreting results of above)
- regional rainfall histories
- satellite- derived images of seasonal quality
Aussie -GRASS simulations of pasture growth and
vegetation cover

Indicators of
biodiversity change

Indicators of
sustainable water
management
Indicators of social &
economic change
Indicators of the
importance of climate
variability

Rangeland states & NT
as available
Aussie -GRASS, UQ,
WA Department of
Land Information,
Griffith University
SLATS, AGO/ERIN,
State/NT monitoring
programs,
States/NT, Aust Govt
Dept Env & Heritage
States/NT where
possible (parts of SA,
WA, NT)

States/NT. Audit - land
use and tenure
States/NT, Bureau of
Meteorology,
Rainman, SILO,
ERIN NDVI images
Aussie -GRASS (Qld
Dept Nat Res, Mines &
Water)

Reporting is occurring through a formal work plan with each contributing agency. The
Australian Government is providing some financial assistance to most contributing State and
NT agencies via NHT funding administered by the Desert Knowledge Cooperative Research

Centre. The Management Unit is coordinating reporting activity, disseminating national
products (e.g. fire, dust, Aussie -GRASS) to state & NT partners for their reporting and
assisting individual jurisdictions where it can. It will also build a national synthesis of change
from the data and information products provided by contributing agencies.
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Indicative results - fire
Examples of fire extent for two years supplied by the WA Department of Land Information
are shown in the upper panels of Fig. 2. For much of the central and northern rangelands, fire
behaviour is partly driven by antecedent rainfall (lower panels, Fig. 2). These results are
preliminary at this stage, but indicate the type of reporting ACRIS will do. As interpretations
for various regions by jurisdictions become available, we will build a more integrated product
of fire extent, intensity and frequency across the rangelands from the available record.

' ' ;=7:'(
~CII"""S : XS.~> ~

Fire scar map, 2002

o mm D imOCK

>2500 mm

Fire scar map, 2005

o mm 0 :;;:::;1. ->2500 mm

••
'l

Rainfall, 2000 & 2001

--

Rainfall, 2003 & 2004

Figure 2: Annual area burnt in 2002 and 2005 (upper panels) and cumulative rainfall for each
of the preceding two calendar years (lower panels). Rainfall surfaces compiled from the
QDNRM SILO Climate Data Time Series.
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ABSTRACT
The Commonwealth land system in the former Kingoonya Soil Conservation District of South
Australia is highly susceptible to disturbance and its ability to recover is variable, depending
on physical influences present. Pastoral Lease Assessments, required under the Pastoral Land
Management and Conservation Act (1989) (SA), revisits permanent monitoring points
enabling long -term comparisons to be made. Factors affecting condition can include fire,
rainfall, grazing and pastoral management practices. Combined, these may result in
destabilisation, including erosion of surface soil layers and a permanent change in plant
community structure and diversity. Photo comparisons are a useful tool, improving our
knowledge of how a land system responds to a variety of factors.

INTRODUCTION
The pastoral leases of the former Kingoonya Soil Conservation District's (referred to as the
Kingoonya District in this paper) in the Far North pastoral zone of South Australia are
currently being assessed for land condition. This process provides an opportunity to examine
changes in the condition of land systems over time. The Commonwealth land system is
vulnerable due to its sandy nature and is constantly undergoing change in its structure and
diversity. Factors affecting the condition of this land system include erosion, regeneration,
grazing and the encroachment of unpalatable species. With repeated collection of information

at permanent monitoring sites we can begin to identify possible trends within the
Commonwealth land system.

THE COMMONWEALTH LAND SYSTEM
The Kingoonya District has 17 land systems. Each land system is defined by specific
geology, topography, soils and vegetation. The Commonwealth land system is characterised
by sandy topsoil with mulga (Acacia aneura) low open woodland with a mixture of shrubs
and ground cover species including pearl bluebush (Maireana sedifolia), crimson turkey -bush

(Eremophila latrobei), satiny bluebush (Maireana georgei) and woollybutt (Eragrostis
eriopoda) (McDonald, 1992). Figure 1 identifies the distribution of the Commonwealth land
system within the Kingoonya District.
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KINGOONYA SOIL CONSERVATION DISTRICT
showing area, covered by Commonwealth land-system
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Figure 1: Distribution of the Commonwealth Land System within the Kingoonya
District (produced using data provided by Information Management Group, DWLBC)
THE MONITORING PROCESS
The Pastoral Land Management and Conservation Act (1989) determines that the assessment
of Pastoral Leases within South Australia must take place every fourteen years. The second
round of Pastoral Lease Assessments began in June 2005 and revisits permanent vegetation
monitoring points established in most paddocks on South Australian pastoral leases. Most are
placed out from permanent waters so grazing impacts can be monitored and, therefore, few
ungrazed control sites exist. Information gathered at each monitoring point includes photos, a
species list, plant densities, erosion and grazing activity, which are all considered in the
assignment of a condition rating for each site. At selected sites quantitative data is collected
using the Jessup Transect Method (Gould et. ai., 2001). This allows for the comparison of
species data over subsequent visits to the site. There are approximately 100 monitoring points
established in the Commonwealth land system in the Kingoonya District. Many of these have
been revisited at least once via the Pastoral Lease Assessment and Pastoral Inspection
processes.
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FACTORS AFFECTING LAND CONDITION

Factors affecting condition in the Commonwealth land system include fire, erosion,
encroachment of woody increaser shrubs, total grazing pressure and the location of fence lines
and waters. These factors often interact with one another.

Mulga woodlands are extremely susceptible to fire and several areas of the Commonwealth
land system have been affected. High intensity fires in 1974 -75 spread through the west of
the Kingoonya district and were the most recent broad scale fires in the area. The intensity of
fires is largely dependent on the degree of grass cover following a significant rainfall event.

Drift is most common in land systems such as Commonwealth, which inherently has a less
stable sandier surface structure. After a fire event, the reduction in vegetative cover can lead
to degradation of soil stability, increasing erosion potential and impairing its ability to recover
quickly. Dry periods in the arid lands can also influence the natural regeneration of species
that define the Commonwealth land system.

Encroachment of woody shrubs can occur following the reduction or removal of palatable
plant species, particularly if grazing pressure prevents the regeneration of mulga and perennial
grasses. Woody increaser species include cassia (Senna sp.), hopbush (Dodonea sp.) and
emubush (Eremophila sp.). These species occur naturally but if the process of succession is
interrupted, and in the absence of competition, they can proliferate, forming dense, eventually
mixed -age stands (Kingoonya Soil Conservation Board, 2002). The two places where woody

increaser encroachment is most often seen are in fire- affected areas and surrounding
permanent waters. Largely unpalatable to stock, extra pressure is then transferred onto
unaffected areas, which in turn leads to the potential for further encroachment.

Rabbit populations have been suppressed in part by biological controls over the past sixty
years. Introduction of the myxomatosis virus in the 1950s and the Rabbit Calici Virus
Disease (RCD) in 1996 have helped reduce total numbers. Despite the reduction, even low
rabbit populations can remove all mulga seedlings (Pitt 2006). Rabbit populations have
begun to increase again following resistance to these controls (Kingoonya Soil Conservation
Board, 2002).

The floods of 1989 prompted the regeneration of many species, illustrated by same -age
cohorts of some tall shrub and tree species including mulga. Other age- cohorts dating back to
the 1973 -1974 rains are also well represented. Species such as mulga and pearl bluebush

require specific conditions for successful regeneration (Maconochie and Lay, 1996).
Although mulga seedlings are present in parts of the Kingoonya District, their long -term
survival is largely dependent on follow -up rains and the close monitoring of stock impact,
particularly when dry conditions lead to a reduction in alternative feed.
Stocking rate, fence orientation, water placement and historic influences are factors relating to
pastoral management that can affect condition in the Commonwealth land system. Many of
the monitoring points installed within the Commonwealth land system are situated along
fencelines, which allows the direct comparison of two paddocks which may be subject to
different stocking conditions. Sheep generally graze into the prevailing south -westerly wind.
For this reason, southern fencelines are often more impacted than the northern fencelines of
adjacent paddocks. This can be further compounded by the relative location of the nearest
water.

Impact around waters can be proportional to the length of time they have been

operating and how many stock they support. Waters installed in paddock corners often have
intensified grazing impact because this narrows the approach of stock, whereas a centrally
located water provides 360 degree access, encouraging more uniform grazing across the
paddock.
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CONCLUSION
The condition of the Commonwealth land system may be linked to historic, environmental
and man -made influences and not necessarily relate to current management strategies.
Generally, pastoralists have a good knowledge of how their land will react under stocking,
and are particularly mindful of the varying ability of land systems to recover.

As monitoring points in the Commonwealth land system continue to be revisited, a clearer
picture of land condition trends will emerge. Environmental processes occur on a variety of

scales in the rangelands of South Australia, and long -term monitoring will assist our
understanding of the dynamics of these changes.
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LBSTRACT

This paper describes work to develop a number of educational tools for grazing land
aanagers in the mulga and Mitchell grass bioregions of western Queensland. The tools
liscussed are a land condition evaluation tool called the ABCD framework, regionally
;ustomised versions of the "Stocktake" pasture monitoring and forage budgeting package and
En economics module that integrates land condition into financial analyses of alternative
nanagement scenarios. The ABCD framework and the economics module have both been
ntegrated into the Grazing Land Management (GLM) education package, while "Stocktake"
s a stand - alone package. Producer feedback on these extension tools has been very positive.

[NTRODUCTION

)ne of the key challenges of rangeland management has been access to user - friendly,
;cience based tools that assist producers' management decisions. Rangeland science and
extension in Australia has a long history of discovery and development that, despite excellent

.esearch efforts and considerable expenditure, has often failed to spin off tools that are
accessible and useful for land managers. In particular, rangeland management is populated by

a swathe of monitoring systems targeting various aspects of rangeland condition, health,
biodiversity, productivity or function that have failed over the longer tern to engage producers
and even agencies, often despite positive initial responses (Beutel et al. 2005).

More recently, industry and government have begun to counter this trend through the
development of a number of educational packages, designed to integrate a wide array of
historical scientific data into user friendly products targeted at the needs of rangeland
managers. This paper documents the development of three such products for pastoralists in
western Queensland.

THE ABCD FRAMEWORK
The ABCD framework is a generic system for land condition assessment used in GLM (an

EDGEnetwork educational package designed for producers and focussed on grazing
management strategies). Land condition is defined within GLM as "the capacity of land to
respond to rain and produce useful forage" (Quirk and Mclvor 2002). Within GLM, the
ABCD framework classes all pastoral land in one of four categories, from A (good) to D (very
poor). ABCD measures land condition from a composite of three components - soil, pasture
and woodland condition - and the generic method of assessment is built on a set of verbal
descriptors that describe each of these components in each of the four condition classes.
A number of activities were carried out to customise the generic ABCD framework described
above for use in both the mulga and Mitchell grass bioregions.
The base set of descriptors were initially customised for each region through consultation
with experienced agency staff, resulting in descriptors with improved local relevance,
provided in language familiar to local pastoralists.
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Land type description sheets were developed for all major land types in each region. Land
types are labelled in local terms with an accompanying photo. A substantial amount of
additional data is also supplied on each land type, including lists of pasture species ranked
by desirability to grazing animals and productivity data.

A pasture assessment manual (DPI &F 2006a) has been developed and trialled as an
optional extension to the base ABCD framework. It provides a relatively simple method
for assessing the pasture component of land condition based on the basal area of two
groups of perennial pasture species. Basal area is converted to an ABCD rating via a tool
called an ABCD pasture chart, and the pasture rating is then inserted into the overall land
condition assessment. This option has been developed for producers wanting improve the
rigour of their assessments, or "get their eye in" before using the simpler framework.
The customised ABCD framework has two primary uses within the mulga and Mitchell grass
GLM packages. Firstly, it is necessary for, and impacts directly on, calculations for long term

carrying capacity estimates. It therefore has a very practical application in the eyes of
producers and transparently links land condition to productivity goals. Secondly, it provides a

common language around the issue of land condition. This is an area which historically
presented significant challenges for producers and government agencies because condition,
similar to terms like biodiversity and health, is open to a broad range of interpretations.

"STOCKTAKE" -A FORAGE BUDGETING TOOL
"Stocktake" is a generic one day producer training package developed by DPI &F for seasonal

forage budgeting, land condition monitoring, and long term carrying capacity assessment
( www2 .dpi.gld.gov.au/stocktake/). Key features of the package are its capacity to deliver
information at a paddock scale, management and interpretation of data in ways that are useful
to the enterprise, and capacity to quantify potential for improvement in productivity. Prior to
extension of the package in a given region, the generic package is customised to regional

conditions, to ensure the generic framework and outputs match local conditions. The
"Stocktake" package was customised to both the mulga and Mitchell grass bioregions through
the following activities.

The land type description sheets developed for use in GLM (see above) were also
developed for use in "Stocktake ". They are used here to identify land types, and help
assess condition and likely productivity.

Pasture production data was generated for each region using the GRASP pasture
production model (Littleboy and McKeon 1997), in combination with data collected by
Johnston et al. (1996). These data can be accessed by each enterprise and contribute to
estimates of long term carrying capacity and short term forage budgets.
Development of the ABCD land condition framework (see above) for each region. This is
integrated into pasture production assessments.
A brochure was developed for distribution with the "Stocktake" materials. Titled Mulga as
a feed source (DPI &F 2006b), it discusses the role of mulga in forage budgets, providing
the core message that sustainable grazing in mulga country needs to be based on perennial

pastures, and outlining strategies for the use of mulga top feed, particularly during
drought.

The provision of customised versions of "Stocktake" to the mulga and Mitchell grass
bioregions, provides an important advance in training options for local land managers.
Producers can now access training and supporting information that allows them to objectively
budget for forage use, using current best practice. These methods are aimed at optimising both
economic and environmental outcomes for producers and the broader community.
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THE ECONOMICS MODULE
The economics module was developed through trial and amendment of the Breedewe and
SheepDyn software (Holmes 2005). The module is underpinned by a range of data including
flock structures compiled on the basis of discussions with experienced DPI &F extension staff,

and relationships between land condition, stocking rate, carrying capacity and production
developed from consultations with DPI &F research and extension officers, literature review
and the principles outlined in the GLM workshops. Several management case studies were
developed, documented on the basis of these data, and integrated into the GLM training.
Individual producer access to the software is currently cumbersome, however, producers
participating in GLM can access output from the economics module via DPI &F staff if they
wish to assess alternative scenarios to those already documented for GLM.

The economics module improves producers' capacity to link economic and land condition
outcomes across a range of management scenarios. It should therefore add relevance and
flexibility to GLM training, and it is hoped, provide greater incentive for producers to pursue
management practices that are economically and environmentally sustainable.

PRODUCER FEEDBACK
Evaluation of ABCD framework and associated training within GLM has been conducted to

date at two GLM workshops, via post training evaluation sheets. Results indicate that
producers viewed the framework and training positively. Over 90% of respondents found
training on land condition and its components either very useful or extremely useful, and
greater than 90% believed the training increased their understanding of land condition
assessment, and their capacity and motivation to monitor land condition on their property.

Feedback on "Stocktake" was gained from post workshop evaluation sheets completed by
participants. The evaluation asked participants to rate each of the seven workshop modules on
a scale from 1 (not useful at all) to 5 (extremely useful). Average ratings for all modules were
above 3.8 out of 5, including modules on land condition assessment (including the ABCD
framework) and forage budgeting.

CONCLUSIONS

The provision of each tool - the ABCD framework, the pasture monitoring and forage
budgeting package ( "Stocktake ") and the economics module, represents a significant advance,

both for managers in western Queensland trying to develop or maintain sustainable and
profitable enterprises, and for the DPI &F in its role assisting sustainable industries. However,

it is the integration of these tools in a set of supported packages that provides the most
important long term implications for these tools. Over the next two years DPI &F will provide
"Stocktake" and GLM training to a minimum of 60 properties in each of the Mitchell grass
and mulga bioregions, through the federally funded Sustainable management and
conservation of grazing lands in Queensland's rangelands project. The tools developed here
will therefore enjoy wide exposure in the producer community, and strong support through
ongoing extension activities.
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ABSTRACT
Over the last few decades, approaches to natural resource management have evolved towards
greater recognition of the importance of involving communities in decisions which affect their

areas of interest. Throughout Australia a number of "interface organisations" have been
established to facilitate dialogue between governments, industries and communities for
sustainable natural resource outcomes. Several such "interface organisations" exist in the
Lake Eyre Basin, however, little is known about the success factors of their engagement
approaches. A method has been developed to assess these success factors in the Lake Eyre
Basin, which includes: (i) development of regional social, economic and resource profiles; (ii)

a toolkit of engagement success factors of NRM organisations; (iii) case studies of
organisational interventions; and (iv) development of on -going engagement monitoring
systems. Research on the regional social, economic and resource profiles is near completion.

INTRODUCTION
In the semi -arid and arid landscape of the Lake Eyre Basin, the natural wetting and drying

cycles and especially the flows in the river systems drive the production that supports
ecosystems and human wellbeing in the Basin. Human activities can impact on those flow
patterns causing changes to ecosystem resources and human lifestyles. This study is part of a
community- driven process that was brought into focus in the mid 1990's in response to
development and management proposals that appeared to threaten natural water regimes and
established lifestyles in the Basin. Community concerns generated support from State and
Australian governments to address the issues of concern.

By 2000, State and Australian Government Ministers in jurisdictions with legislative
responsibility for the resources of the Basin had signed an agreement to work cooperatively to

ensure the sustainable use and health of the rivers and associated resources. Part of the
agreement was to monitor and report on the health of the rivers and associated resources. The
community, through the Advisory Committee, insisted that successful management of the
resources would only be achieved if information about the activities of the people who rely on
and interact with the resources are monitored along with the state of the rivers. This study is

designed to gather information about the people of the Basin, how they interact with the
natural resources and each other, and how they make decisions concerning natural resource
management. One outcome of the project will be to develop monitoring protocols that can be
used along side monitoring the State of the rivers.

This paper will show (i) a brief history of, and context for, the study and provide some of the

early outputs from the work; (ii) information about the relationship between ecosystem
services and the distribution of people in relation to the varying landscape across the Basin;
and (iii) the direction and method for the remainder of the study.
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METHOD
The project consists of four components: (i) regional social, economic and resource profiles;
(ii) a toolkit of engagement success factors of NRM organisations; (iii) case studies of
organisational interventions; and (iv) monitoring systems.

Component 1: Regional social, economic and resource profiles will be developed using
secondary data sources (eg. ABS) to geographically display and overlay the socio- economic
and ecosystem service characteristics of the Lake Eyre Basin. A conceptual network analysis

of engagement within and between sectors (eg. mining) will also be developed through
content analysis of organisational documents, combined with semi - structured interviews with
key informants.

Component 2: A toolkit of success factors of NRM organisations will be developed through
interviews with communities and organisations within the Lake Eyre Basin. The interviews
will be conducted using a snow -ball approach and involve community researchers (selected
with the assistance of the project steering committee) who have established trust with those
communities /sectors targeted for interview. Interviews will be transcribed and analysed with
the assistance of qualitative data analysis software packages N -Vivo and Leximancer.

Component 3: Case studies of organisational interventions will be conducted in partnership

with NRM organisations who see benefit in transferring success factors identified in
component 2 of the project. The case studies will be conducted using an action research
approach. Two to four NRM organisations will be included in the case studies, depending on
the intervention/s to be trialled. The project steering committee will aid the facilitation of
dialogue with potential NRM organisations for the case studies.

Component 4: Monitoring systems will be developed based on the findings of component 2
and embedded as part of the case studies (component 3) to trial the validity and practicality of
those systems.

CURRENT RESEARCH
The regional social, economic and resource profiles; as well as, the network analysis of
engagement, are due to be completed by the 1St July 2006. Apart from being resources for the
communities of the Lake Eyre Basin, these outputs will provide the context for the analysis of
engagement effectives and design of monitoring systems.

FUTURE RESEARCH
Research on the toolkit of success factors of NRM organisations will begin from July 2006
and run over a 12 -month period. Case studies of organisational interventions and the
development and implement of monitoring systems will then begin from July 2007. The
project is due to be completed by July 2008.

EXPECTED OUTCOMES
The project aims to improve the engagement processes of interface organisations in the Lake
Eyre Basin. The improvement in engagement processes will help to understand and address
issues of power and vulnerability in the Basin; as well as, the sustainable use of natural
resources. Another expected outcome is the implementation of monitoring systems to allow
on -going improvement to NRM engagement processes in the Basin.

74

ACKNOWLEDGEMENTS
The Study of People, Communities and Economies of the Lake Eyre Basin is a Desert
Knowledge CRC project operated in collaboration with the Community Advisory Committee
and the Scientific Advisory Panel of the Lake Eyre Basin. It is funded through an NHT
National competitive grant which runs from July 05 to end of June 08.

75

PROGRESS WITH THE ESTABLISHMENT OF A CAR RESERVE SYSTEM IN
THE WESTERN AUSTRALIAN RANGELANDS
A. Brandis
Rangelands Conservation Coordinator, Department of Conservation and Land Management,
PO Box 505, Harvey WA 6220. Email tonyb @calm.wa.gov.au

ABSTRACT
The rangelands of Western Australia cover about 85% of the state. Many ecosystems are
contained within pastoral leases, where after about 150 years of settlement, extensive changes
to vegetation and soils have occurred. The recognition of the need to conserve the full array of
indigenous ecosystems and species has occurred at all community and political levels in
various international, national, state and territory, and local settings. One of the keys to
conservation of the State's biodiversity is the establishment of a Comprehensive, Adequate
and Representative reserve system. In WA a pastoral land acquisition program aimed at
increasing the conservation reserve system has resulted in about four million hectares within
the Gascoyne- Murchison region being acquired. Planning and management activities on this
land have begun, with the primary aim being to ensure that land and biological assets return to
their pre European state. Ongoing management of the conservation reserve system seeks to
resolve conflicts resulting from differences in land use objectives.

INTRODUCTION
The establishment of the pastoral industry in the mid to late 1800s in Western Australia
heralded the beginning of a period of excessive grazing pressure on native vegetation,
resulting in degradation of much of the rangelands (see for example Wilcox 1964; Curry et al.
1994). The reduction in vegetative cover, changes in species composition, loss of soil through
increased levels of erosion, and the introduction of exotic plants and pest animals has given
rise to considerable concern about the loss of biodiversity by the broader community and
governments.

About 87% (84 million ha) of the pastoral rangelands have been assessed as part of a resource

inventory and condition survey conducted by the Departments of Agriculture and Land
Administration in WA since the late 1960s. The results of these surveys indicate that the
majority of land has undergone change to a greater or lesser degree (Van Vreeswyk et al.
2004).

The overall values for the survey area indicate that about 24% (20m ha) is now in poor or
very poor condition, and 30% (25m ha) in fair condition. About 800,000 hectares are
considered severely degraded and eroded, suggesting that within these areas a very long
period of time will elapse before soil conditions support vegetation establishment, growth,
survival and reproduction.

In recognition of the extensive alteration of many rangeland ecosystems, resulting in the rapid
decline in distribution and abundance of many species of plants and animals, and the need to
safeguard life support systems, the Commonwealth Government has embarked on a program

aimed at protecting biological diversity and maintaining ecological processes through the
National Reserve System program.
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CONSERVATION RESERVES
The National Reserve System represents the cooperative efforts of the State, Territory and
Commonwealth governments and other non -government organizations to develop a
conservation reserve system as a key contribution to the conservation of biodiversity in
Australia (NRM Ministerial Council 2005). It aims to establish a reserve system containing
examples of all regional ecosystems, resulting in the conservation of Australia's biodiversity
within the broader matrix of existing land uses. One of the key objectives of the National

Strategy for the Conservation of Australia's Biological Diversity (DEST 1996), is the
establishment and management of a Comprehensive, Adequate, and Representative (CAR)
system of protected areas. This objective is reflected in a range of national and state policy
settings, and provides the basis for the expansion of the conservation reserve system in WA.
There is, however, considerable resistance from some industry sectors.

Planning and design
It is difficult to establish the status of biodiversity in WA, given the immense area and

remoteness of the state, and limitations of knowledge about many species yet to be
discovered. Therefore, systematic planning of the reserve system relies on the use of
surrogates as indicators of biodiversity (James and Saunders 2001). A range of surrogates is
used to predict the distribution of biodiversity including environmental domains, vegetation
associations, and centres of biodiversity, which form the basis for planning the development
of the reserve system in WA. This information is used in conjunction with a range of other

information including the national classification of ecosystems as set out in the Interim
Biogeographic Regionalisation of Australia (IBRA) (Thackway and Cresswell 1995).

Gascoyne- Murchison Strategy
A recent development in regional broad scale planning for reserve system establishment
resulted from the Gascoyne- Murchison Strategy (GMS), which addressed a range of industry,
economic, social, and environmental issues within a 60 million hectare region of WA. Using
vegetation association mapping along with a range of other attributes, gaps in representation
of ecosystems were identified on pastoral leases advertised on the market, or which were
known to contain important conservation values. This information provided the basis for the
strategic acquisition of almost 4 million hectares of pastoral leasehold land funded by State
and Commonwealth governments.
Achievements
At the beginning of the strategy in 1998, there were just 19 vegetation types (of 259) having
more than 10% of their area protected in the conservation reserve system; although 74 were
within reserves (the reserve system at that time contained 1.4m ha). This meant that almost
93% of the vegetation types were either not represented at all or were under- represented. The
focus of the acquisition program was on those vegetation types that were un- represented, or
poorly represented. As each lease was acquired, an Excel data -base was updated, so that
future acquisitions did not duplicate those already reserved. This ensured different vegetation
types were added, or had their level of representation improved.

By the end of June 2003 there were an additional 72 vegetation types included within the
reserve system, bringing the total to 146, or 56.4 %, of all vegetation types in the region. Of
these 82 (31%) have more than 10% of their area represented in reserves.
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The remaining 113 (43.6 %) vegetation types are not represented at all in the reserve system.
Vegetation types still not reserved include 83 considered rare or very rare, as they occur over

an area less than 100,000 hectares and are within just one or two IBRA regions. At the
regional level, the reserve system is still not comprehensive with a significant number of
ecosystems not represented at all. These include areas containing high biodiversity, riverine or

lacustrine ecosystems, unique ecosystems, rangeland in very good condition remote from
water, or ecosystems having high production value as well as high conservation value.

Towards the end of the acquisition program there has been an insistence from government
that the program be conducted in strict accordance with purchasing policy (economic)
guidelines. Although these guidelines provide for Ministerial discretion, proposals falling
outside the guidelines have not been supported. Decisions to not support certain acquisitions
are not based on the evaluation of conservation values, but have been made along fiscal
guidelines. Without the recognition of the importance of conserving the State's biodiversity,
the extraordinary time frames over which evolutionary processes occur, and the high level of

threat to some ecosystems, the process of establishing a CAR reserve system will be
frustrated.

RESERVE SYSTEM MANAGEMENT
Defining boundaries of national parks, or putting up signs, does not provide any surety that
biodiversity will persist, nor that evolutionary processes will continue. One of the primary
aims for the management of conservation land formerly managed for pastoral production is to
allow land to recover and return to its natural state; a state not possible to achieve if the area
remained outside the reserve system.

Initial activities focus on the removal of all stock, feral animals, progressive closure of
artificial water points, identification of degraded areas (woody weeds, erosion, declared
plants) requiring special treatment, and identification of public risk issues.

Managing conflict
Conflicts between conservation agencies and neighbouring pastoral enterprises are inevitable,
due to differing land use objectives (Wilson et al. 1984). While land managers all have
statutory obligations over boundary fences, feral animals, weeds, and fire, it is usually a
matter of time before one or more of these enter onto neighbouring land.
The Department of Conservation and Land Management (CALM) has undertaken a range of
operational activities aimed at minimizing conflict, including ongoing consultation with
neighbours and other relevant stakeholders.

CALM has recently released a draft Good Neighbour policy, aimed at establishing and
maintaining good relations with neighbours fundamental to responsible, collaborative, and
cooperative management of the reserve system. This draft policy contains a clear statement of
what will be done in relation to a number of management issues including boundary fences,

fire management, weed control, pest animal control, and straying stock. While there is a
strong commitment by CALM to establishing good neighbour relations, there are a number of
neighbours who do not wish to reciprocate this commitment, refusing to maintain boundary
fences, or control straying stock.
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Planning for management
CALM has management responsibility for ex pastoral land acquired under the GMS and
therefore has statutory responsibility for preparing initial plans and more formal area
management plans, once newly acquired land is gazetted as being part of the formal reserve
system.

Issues addressed in interim plans include fire management, native animal (kangaroo, emu etc.)

management where necessary, feral animals and weeds, closure of artificial water points,

removal of straying stock, boundary fences, recreation and tourism, wilderness area
management, monitoring recovery or change of native vegetation and animals post destocking, research, cultural and heritage matters, and public risk assessment.

There is obviously considerable demand for ongoing management activities and presence by
CALM staff on the expanded reserve system. The provision of additional resources in support

of the increased workload has been minimal, restricting management activities to areas
assessed as having high priority for management presence. This is disappointing.
The need for continued liaison, communication and education with neighbours, industry, local

government, and the broader community remains perhaps the most important issue for
CALM. Changing values, attitudes, and the behaviour of many of those who see the
emergence of a new and different land use as a threat at the local or regional level takes time,
patience, and considerable resources.

CONCLUSION
The establishment of a CAR reserve system in WA as part of the National Reserve System
program will make a major contribution to the conservation of indigenous biodiversity. A key
objective is to create a reserve system containing examples of all regional ecosystems. It is
recognized that a reserve system alone will not guarantee biodiversity conservation, and the
ecologically sustainable management of the broader landscape will be necessary. Ongoing
management of the reserve system requires adequate resourcing and commitment from
governments and the community.
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ABSTRACT

The halophytic shrubs of the West Australian (WA) semi -arid shrublands provide the
microbes in the rumen of livestock with a relatively constant source of salt and rumen
degradable nitrogen (RDN), but the supply of digestible organic matter (DOM) is often low.
When the salt content of the drinking water is also high, the dietary preference of livestock is
likely to be driven towards plant species with low salt content and adequate DOM. Perennial

grasses are an important component of these species in shrublands as they can improve
livestock productivity, especially in dry seasons. This dietary preference has important
implications for livestock management when these species are in short supply. After decades

of continuous and sometimes high grazing pressure, the perennial grasses of the WA
shrublands are now restricted to protected niches under shrubs and fallen branches. The task
of regenerating sustainable livestock production may require changes to grazing management
that will regenerate and maintain perennial grasses. Kangaroos must also be controlled, as destocking alone has been found to lead to a six -fold increase in kangaroo numbers.

INTRODUCTION
Understanding the principles of ruminant nutrition is essential for designing sustainable
production systems in shrublands. The WA shrublands have a highly variable climate. The
annual rainfall is 200 -250mm with winter rain generating most of the forage. The region has
many halophytic shrubs such as the Atriplex and Maireana species, and seasonally driven
perennial and annual grasses and forbs (Watson 2003). The challenge to achieve good growth
and lactation from livestock is to ensure good rumen function by providing the microbes in
the rumen with an appropriate balance of RDN, DOM and other essential nutrients (Standing
Committee of Agriculture 1990). The salts from the halophytic shrubs are likely to reduce the
amount of food eaten (Masters et al. 2005). Thus it is important to provide adequate DOM of
low salt content to dilute the salt and complement the high RDN in halophytes.

HISTORICAL CONTEXT OF THE WA SHRUBLAND ECOLOGY
Prior to European settlement about one hundred years ago, kangaroo populations in the region
were much lower than today (Watson 2003) as a result of few permanent water points and
predation by dingoes. Prior to settlement, in prolonged dry seasons, the kangaroo population
probably declined to numbers that could survive around the limited permanent water. With
the return to good seasons, plants would have ample time to grow and set seed before
kangaroo numbers built up. Under this grazing regime the perennial grasses and other low -salt
species would not have developed an ability to tolerate heavy and continuous grazing.
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Pastoralism brought multiple stock water points to the region, constructed on shallow sources
of ground water with varying concentrations of salt. The pastoral community in the region
often reminisce about the large numbers of stock that were carried on stations during good
seasons over 70 years ago (Watson 2003). It is likely that this pastoral system reduced the
population of low salt, high DOM (LSDOM) species. The numbers of domestic stock would

build up in good seasons and during poor seasons there would be heavy and continuous
grazing of the LSDOM plant species. During this era, the absence of modern road transport
meant that de- stocking in dry seasons was difficult and there has always been a strong
temptation for pastoralists to postpone de- stocking in the hope that it would rain.

These circumstances would have set a lethal `death trap' for perennial grasses (Hodgkinson
1995) and possibly other LSDOM species. Loss of perennial grass cover has also occurred as
a result of pastoralism in semi -arid woodlands of eastern Australia (Freudenberger et al.
1999) and in arid shrublands of New Mexico (Gibbens et al. 2005). Perennial grasses are
important for livestock production in rangelands, particularly for sheep in dry years, as they
are a valuable source of highly digestible green leaf (Freudenberger et al. 1999). The present
vegetative cover on exclosures constructed during the 1970s in the WA shrublands, provides
evidence that perennial grasses and other LSDOM species could support the large numbers of
stock in the past. It is clear that we need to develop a suite of management practices to enable
the previous productive capacity to be restored, while at the same time maintaining profitable
pastoral enterprises.

CHALLENGES FOR MANAGEMENT OF THE WA SHRUBLANDS
In shrubland environments, the rewards for providing livestock with a diet balanced in RDN,
DOM and salts have important implications for pastoral businesses and natural resource
management. In grass dominant pastures, the limiting factor for livestock production is often
RDN. Rumen microbes are capable of synthesising protein from non- protein RDN. This
enables producers in the grasslands of northern Australian to use urea as a source of RDN to
balance the adequate supply of DOM. Coincidentally salt is often used to limit the intake of
urea. The opposite scenario prevails in the shrublands where DOM is often limiting (Lefroy
2002). Halophyte shrubs, of high RDN content, can act as a `standing urea lick'. Providing a
diet balanced with DOM poses major challenges for both livestock productivity and land
management practices in semi -arid shrublands. DOM is expensive to import and because
shrub vegetation is high in RDN and salt but low in DOM, grazing pressure is directed
strongly to the LSDOM plant species. Sheep production is severely depressed when
halophytic shrubs make up more than 25 -30% of the total diet since they are unlikely to be
able to consume enough DOM to grow or lactate (Masters et al. 2005). The resultant diet
preference towards LSDOM species, played out over decades of pastoralism, may have driven
the demise of these species in the region. The loss of perennial grasses alone could largely
explain the reductions in carrying capacity. This loss or reduction in the number of LSDOM
species has probably also contributed to soil erosion in the region (Pringle et al. in press).
Since importing DOM as grain or hay is usually uneconomic, management practices to restore

the LSDOM species need to be introduced. Some of these practices include carrying less
stock, and/or introducing paddock rests and adjusting stock numbers according to feed on
offer. Ensuring that stock numbers remain within carrying capacity avoids three important
issues: production losses, animal welfare issues associated with starvation and overgrazing of
perennial grasses and the LSDOM species. The management challenge to keep stock numbers
within carrying capacity is exacerbated by the highly variable climate of the region (Watson
2003). There is a need to avoid overgrazing the relatively low populations of perennial grasses
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in the shrublands, especially when they are recovering after rainfall. At low stocking rates
(10 -20 ha per sheep), the patch grazing habits of stock needs to be managed. The mobile
population of kangaroos poses yet another challenge. Norbury and Norbury (1993) showed
that when sheep were removed, the number of kangaroos increased six -fold in the paddock.

The need to control kangaroos must be addressed by pastoralists and governments, if
sustainable pastoralism is to be achieved.

STRATEGIES TO REGENERATE PRODUCTIVE CAPACITY
The recent large -scale installation of self -mustering yards on water points throughout the
region enables timely and cost -effective de- stocking of domestic animals and feral goats when
there is no surface water. In response to requests from pastoralists during recent dry seasons,

the Department of Agriculture and Food WA, financially supported by Commonwealth and
industry funding bodies, has commenced working with pastoralists to develop methods to
manage climate risk and to regenerate the productive capacity of the region. These methods
include the introduction of rotational grazing, assessing food on offer (F00) and adjusting
stock numbers accordingly to achieve targeted body condition scores (Oldham et al. 2005)
and rangeland regeneration objectives. In the short term, Merino sheep and cattle generally
lose body condition before they damage range condition. Thus good livestock production, at
least in part, reflects good range condition. Conversely, WA `rangeland goats' have achieved
130% kidding rates at stocking rates that damaged the rangeland (Fletcher 1991). Little is
known about the grazing impact of the recently introduced Damara sheep breed, but anecdotal
evidence suggests they graze like goats. The fat reserves in their tails may enable them to
continue grazing when FOO is low, thus applying extreme pressure to LSDOM plants.
Alternatively, because goats and possibly Damaras are browsers, they may be useful for
taking the pressure off regenerating grasses and other LSDOM plants. This subject is worthy
of investigation.

On most management units there are remnant seed banks of perennial grass species where
they are protected by shrub canopies and fallen branches. Stipa elegantissima is a noteworthy
species as it is highly productive, palatable and it has the favourable attribute of wind borne
seed panicles. It still exists on most land systems in the WA shrublands through a nurse -plant
relationship with shrubs (Armas and Pugnaire 2005). The good rains received over most of
the region in 2006 have produced widespread germinations of perennial grass and LSDOM
species. The challenge is to manage future grazing pressures to optimise the establishment
and survival of these species and regenerate carrying capacities.

The challenge of achieving effective regeneration poses important questions for pastoralists,
researchers and policy makers. At what point is de- stocking necessary to avoid excessive
grazing of the regenerating grass and LSDOM species? Can goats and Damara sheep be used
to take grazing pressure off grasses? Can surface water be harvested to dilute the dietary salt

load from halophytes and ground water? At low stocking rates can patch grazing be
alleviated? What resting regimes and grazing management systems are required to allow
perennial grass species to germinate, establish and then survive through dry seasons? Will
regeneration of grasses and other LSDOM species improve biodiversity? What methods can
be developed to ensure kangaroo numbers do not jeopardise rangeland regeneration? What
rate of rangeland regeneration is commercially viable and/or what financial support is
required to encourage this endeavour? The answers to these questions have important
implications for sustainable management of shrubland communities in the rangelands across
Australia and other continents.
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ABSTRACT
Department of Natural Resources, Mines and Water (NRMW) is responsible for a significant
component of condition and trend monitoring and assessment in the Desert Uplands. NRMW
has initiated an on ground program of pasture monitoring across the Desert Uplands 19992006. This paper aims to raise awareness of the pasture monitoring program and report initial
assessments of program condition and trend suitability. Initial assessment suggests that the
monitoring program, whilst undoubtedly useful and comprehensive, requires improvement. It
was found to be difficult to isolate the impact of management against climate. In addition the
data is mainly qualitative and fails to comprehensively assess soil and landscape health. For
these reasons it is recommended that Landscape Function Analysis be introduced.

INTRODUCTION
The Desert Uplands (DU) (75 000 km2) is an area which extends from Blackall to Hughenden

and east to the Belyando River in Central Western Queensland. It is comprised of
approximately 320 properties (20 000 -25 000 ha). The region has high natural resource
values, with 85% remnant vegetation, high species diversity and late broad scale development
(1990- 2000). Importantly 40% of the area drains into the Great Barrier Reef Lagoon via the
Burdekin River, with the remainder draining into the Lake Eyre Basin. The Bioregion is also
believed to be a significant recharge zone for the Great Artesian Basin.

The dominant form of tenure in the Desert Uplands is leasehold and consequently the restructuring of the process for the renewal of leasehold land means that leases come under a
greater level of attention. An implication of this, that land condition assessment may
become an integral feature of the lease renewals. If this occurs, natural resource monitoring
in the region has the potential to become a valuable benchmark for the standard of land
condition on properties.

In order to maintain productivity in the area it is important to monitor landscape health
condition and trends. The Queensland Department of Natural Resources, Mines and Water
(NRMW) is currently carrying out pasture monitoring in this region. The initial purpose of the
monitoring program was to monitor the progress of the Desert Uplands Build -Up Scheme
(Desert Upland Build Up and Development Committee, 1996). The method chiefly used is
DPI Qld's GRASSCheck system (Pegler L, 1997), augmented in places by the use of Q -Graze
(Pressland, 1994).

This paper aims to raise awareness of the NRMW Pasture monitoring program and report
initial assessments of condition and trend suitability.
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METHODS
Monitoring Methodologies
Since the initiation of the monitoring program in 1999, 115 GRASSCheck, 38 Q -Graze and
156 photo points have been installed across the Desert Uplands. Monitoring is carried out
annually for four years and at planned five- yearly intervals thereafter. All the methods use
different layouts however they collect the same basic information.

Both GrassCheck and Qgraze give 100 quadrats of data per transect. The data is collected
using a quadrat measuring 50cm x 50cm. The recorded data summarises the occurrence
frequency of species throughout the transect. The results recorded include: the frequency of
each species, the amount of groundcover, frequency of desirable, intermediate, less desirable
perennial and annual species, and forbs. Both GrassCheck and Qgraze data are stored on
spreadsheets. In addition, the Qgraze data is also stored in the Qgraze database. Basic analysis
has consisted of the calculation and graphing of pasture, cover, yield, desirable species and
undesirable species.

Adequacy of monitoring for condition and trend
The existing data was examined in an informal manner for its adequacy to assess the health
and functionality of the landscape. This includes initial assessment of site representation has
involved calculating distribution across biogeographical land zones.

RESULTS AND DISCUSSION

Pasture Condition and Trend
Desert Uplands 1999 - 2005
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Figure 1: Desert uplands: Average Percentage of groundcover, desirables, and
undesirables present 1999 -2005
The cover percentage appears to follow recent climatic variation, with wet and dry years
corresponding to higher and lower cover values. Desirable species have suffered a downturn
in occurrence dropping from 74% to 55% between 1999 and 2005. The representation of the
undesirable species present shows that overall there has been an increase in the presence of
undesirable species. This correlates almost directly with the decreased desirable species in
the most recent years.

Spatial Distribution of monitoring sites
The DU is dominated by land zones 3, 5 and 7 of the bioregional framework. These account
for 90% of the area. The distribution of the monitoring sites across this area is as follows;
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Land zone 3 (alluvials) contains 49 Grasscheck sites, 76 Photo points and 18 Q -Graze sites.
Land zone 5 (loamy and sandy plains), 43 Grasscheck sites, 60 Photo points and 19 Q -Graze
sites. Land zone 7 (ironstone jump -ups) 17 Grasscheck sites 16 Photo points and 1 Q -Graze
site.

The selection of sites has been slightly skewed by the initial purpose of the monitoring which was to monitor the progress of the Desert Uplands Build -Up Scheme. Thus most of the
current sites are distributed according to participating landholders /properties and not selected
to be representative of land zones (other than at a property level). However the properties are
relatively well distributed across the land zones. Further sites could be added in order to
increase knowledge across the whole of the range of land zones. In addition analysis of land
zone representation needs to occur.

Adequacy to assess the health and functionality of the landscape
The data collected represents accurately the pasture condition and composition at sites.
However it is difficult to isolate the impact of management against climate. Potentially this
could be rectified by collecting information on stock pressure, climate, and the introduction of
reference sites.

One of the areas where the methodologies have been inadequate is in the assessment of soil
health and function. Both these methods do have a section which collects soil surface
observations. However, in most cases these have fallen into disuse because of its rudimentary
nature. Additionally this data is mainly qualitative. Whilst this is not wrong, qualitative data
is difficult to compare in measurable terms. Quantitative data is therefore an easier method of
comparison. With this in mind it would be better if the condition could be recorded in a
numerical form. This reasoning points to the introduction of an auxiliary method of
monitoring. Using Landscape Function Analysis (LFA) would enable the range of data

collected to be extended to include a numerical assessment of the health of the soil
environment.

LFA is a suitable option for a number of reasons. Firstly, it is an easy form of data collection.
The transect details and soil surface condition assessment are quite simple to collect. The
manual explains the concepts simply. Secondly, it is relatively time efficient. A site can be
established and read in about 3 hours. Data processing is relatively easy as it consists of the
straight data entry into the relevant spreadsheets. One of the major advantages of this method
is that it quantifies qualitative data. This is done via the spreadsheets which process the data
collected and generate figures which describe the level of landscape function across a number
of parameters. The main qualities described by these are: energy flow, water and nutrient
cycling, and soil stability. These parameters remain the same and consequently the sites can
be compared over a number of years in order to determine whether the site is improving or
worsening over time. Additionally the LFA data is more sensitive to managerial changes than
Q -Graze and GRASSCheck due to the nature of the data collected and the method of analysis.
LFA is still influenced by climatic changes but to a lesser degree than the pasture composition
methodologies.
The advantage of using LFA with either GRASSCheck or Q -Graze is that a complete picture
is formed of the site. The pasture composition is recorded more effectively by GRASSCheck
or Q- Graze. This will allow changes in pasture composition to be tracked whilst at the same
time the LFA records the level of landscape function. The methods are complementary and
compensate for each other's weaknesses.
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CONCLUSIONS
It is important that the time spent collecting data is reflected by the quality and usefulness of
the data. Whilst the current methods of monitoring are adequate for the recording of pasture
composition it is recommended that LFA be introduced in order to gain a more quantifiable
and holistic picture. The two monitoring methods will complement each other and allow a
full picture of both landscape function and pasture composition.

Furthermore it is recommended that the current sites be spatially reassessed as they finish
their participation in the Desert Uplands Build -Up Scheme. This may allow for a more even
distribution of sites across the land zones.
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ABSTRACT
VegMachine© is a monitoring tool that allows pastoralists to view satellite -based long -term
cover change maps on property and extract this information to a graphical format. This paper

discusses the use of VegMachine© by pastoralists in Queensland, Northern Territory and

Western Australia and their ideas for its future use. Overall pastoralist opinion of
VegMachine© was positive and the software and satellite derived data products provided them

with relevant information in a format that was easy to understand and use, with minimal
training. Pastoralist feedback revealed enthusiasm to use VegMachine© as a tool to enable
better informed, property management decisions.

INTRODUCTION
Research in recent decades has demonstrated the value of satellites for monitoring change in
rangelands (Wallace et al. 2004, Karfs et al. 2000). While a multiplicity of monitoring
schemes have been developed for landholders at the property scale, relatively few have been
maintained long -term without agency support (Pickup et al. 1998). Ironically, such property
level monitoring tools can contribute significantly to local decisions about stock,
infrastructure and sustainability.

The VegMachine pilot project was commenced to realise the benefits of satellite based
monitoring for pastoralists. VegMachine was funded by Meat & Livestock Australia (MLA)
from 2002 to 2006. It included as partners NT Department of Natural Resources Environment
and the Arts (NRETA), Queensland Department of Primary Industries and Fisheries (DPI &F),
and CSIRO Mathematical and Information Sciences. The extension project areas were multi jurisdictional, covering the Victoria River District -East Kimberley (NT -WA), and the Quilpie
area of south west Queensland (Beutel et al. 2005).

VegMachine" is a simple computer based viewing tool that enables pastoralists to extract
cover information from data derived from satellite indices. With minimal training, pastoralists
were able to interrogate this data by selecting key areas of their property. VegMachine©
provides feedback in two ways, firstly through colour coded property images showing cover
trend and level and secondly by graphing time series of average cover on selected areas of the
property. Cover indices for much of the NT -WA area of the project were developed and tested

by Karfs (2002). In Queensland, pastoralists trialled a variety of cover indices including
experimental tree and ground cover indices developed by the Department of Natural
Resources Mines and Water.

The main focus of this investigation was to understand how pastoralists used VegMachine©
on property, if their needs were met and how they would like to use VegMachine© in the
future.
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METHODS
Producers were provided with the VegMachine© software, data products and training in a
rollout beginning in 2003. Feedback about the software was collected during April/May 2005
and again in April/May 2006. Surveys in both regions were conducted by phone or property
visits, with the exception of the 2006 Quilpie feedback, which occurred at a meeting of all
local participants. Surveys aimed to provide an insight into pastoralist's use of VegMachine©
and how it could be improved. The second survey was particularly important given the
experience developed by the pastoralists over the life of the project. A great deal of informal
feedback was also provided by pastoralists during property visits. These visits generally
involved VegMachine staff and pastoralists using the software and data products together and
often prompted pastoralists to offer opinions and experiences that helped the team to develop
the software and data products. Feedback was compiled and analysed for consistent themes.
RESULTS
Overall, pastoralists felt that VegMachine© delivered on their expectations and many agreed
that VegMachine© offered them a number of practical benefits. The majority of pastoralists
said that VegMachine© added valuable information to their knowledge and experience, helped

to formulate plans, and `took the guess work out' of management decisions. Some
documented uses and outcomes from the use of VegMachine© are identified in Table 1.

Table 1: Documented examples of how pastoralists have used VegMachine°
Property Pastoralist's interest
Outcome
Understand historical impacts of
1
VegMachine confirmed manager's

2

3

4

5

6

stock placement decisions, and
validity of recent changes in stock
placement.
Monitor tree and ground cover
changes as part of the property's
Environmental Management
System.
Place new fences and waters to
optimise the potential land types
and prevent overgrazing of
sweeter country.
Test the sustainability of cell
grazing on highly productive
grassland country after conversion
from a single paddocklsingle
water design.
Quickly learn about property
layout and changes in cover after
recently acquiring a property.

Map and measure area for fodder
harvesting.
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suspicion that flood -out country has
steadily declined, supporting recent
decisions to adjust stock numbers there.

VegMachine has been written into the
property EMS for annual monitoring of
tree and ground cover and thus
subsequently inform stocking decisions.
Single large paddock (150km2) was split
along land types using VegMachine© to
determine fence positioning.

VegMachine analysis of each cell
showed that cover levels were maintained
despite a productivity increase of 200 %.

Manager was able to view property in
VegMachine ©, and quickly appraise
healthy and poor areas, distribution of
different land types and placement of
fence, road and water infrastructure.
Manager was able to acquire coordinates
and extent of area in which mulga was to
be harvested for fodder. Information used
in fodder harvesting application.

Throughout the project pastoralists expressed enthusiasm for VegMachine to be developed
into a tool that will continue to aid their property management decisions. Pastoralists also
identified a number of future applications for VegMachine that included the following.
As a tool to demonstrate sustainable stewardship to outside parties. VegMachine's©
capacity to link producer knowledge and experience with the technological value of
satellite measurements is viewed by producers as a useful way to assist their participation
in current debates around pastoral land management.
As mapping software, rather than just viewing/interrogation software. This would allow
pastoralists to input their own data, such as new fence lines and water points and also print
maps for various purposes.
To estimate feed biomass and so inform feed budgeting decisions. Pastoralists are very
interested in near real -time imagery that provides up to date information on grazing
patterns, to help determine stocking rates and placement within a season, especially during
major property management decision times.
As a tool to access other spatial data or link with ancillary data sets such as fire and weed
mapping, and management packages such as Grazing Land Management (GLM) or
Environmental Management Systems.
DISCUSSION
On property application of VegMachine© offers significant insight into long -term cover
change on property and allows pastoralists to make better informed management decisions.
While VegMachine© is not a substitute for experience and active management, all pastoralists
agree that VegMachine© is a useful tool for use in conjunction with current decision making
processes. Pastoralists also indicated that VegMachine© allowed access to difficult to reach
places on their property, and allowed quick, easy and accurate monitoring of long -term cover
change on property.

Pastoralists demonstrated a number of innovative applications for VegMachine on their
properties, but importantly also identified a number of potential future uses that would
increase its relevance. These future uses involve additional functionality in the software such
as a print facility, and better integration with complementary property management tools such
as GLM. Broadening the uses of VegMachine©, will have the dual benefit of enhancing the
value of the software within the enterprise, and maintaining pastoralist's skills in the use of
the software. Future work on this or similar systems should take this finding into account.

CONCLUSION
Rangeland monitoring has traditionally presented a number of problems for land managers,
and these have greatly impeded the assessment of resource condition and trends, particularly
at the property scale. VegMachine© is an innovative and efficient attempt to overcome many
of these difficulties by providing pastoralists with resources to assess changes on their land
using satellite derived products in a user friendly format. Pastoralists are using the package to
address a range of issues on their properties and pastoralist response to VegMachine© has
been positive, indicating a strong interest in the further development of VegMachine©.
Pastoralists have contributed valuable information for development and future directions of
VegMachine© while providing feedback on the effectiveness of the project outputs. Pastoralist
suggestions indicate that for VegMachine© to develop into a successful property monitoring
and management tool it will need to be multi - functional and receive a number of data updates
per year.
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THE INITIATIVE
Controversial proposals for World Heritage listing and large scale cotton irrigation forced the
first catchment style togetherness in the early 1990's. The first proposed resolutions for these
conflicts were simplistic and divisive. World heritage listing, which stopped at the South
Australian border was neither politically nor scientifically plausible. Cotton growing on the
Cooper was unlikely to be viable, economically or environmentally, beyond one generation.

Out of these controversies grew a community and political will to embrace catchment
management as a consultative, planning and land management mechanism. Prior to this, the
dominant sense of place among communities was centred on towns or industries.

Whole catchment, and indeed whole basin thinking, has been slow to permeate but is
gradually becoming a working reality. Bringing together people and ideals from different
industries, cultural backgrounds, urban and rural living and different levels of government has
had its challenges.

THE HURDLES
Community support began to grow once conservation, pastoral and mining interests were seen
to be working together, following community meetings in Birdsville. Today, defending the
community's right to control the process remains a challenge.

Political support for catchment management, involving three states and the NT, wasn't strong

early. It came federally however, from both sides of parliament, through senators John
Faulkner and Robert Hill during their respective terms as federal Environment Minister.

Expanding coverage, from firstly embracing the Cooper and Diamantina /Georgina
catchments in Qld and SA, now includes wider areas of the Lake Eyre Basin (LEB) in SA and

the NT. Around 75% of the 1.14 million km2 basin is now under active catchment
management.

Cross border procedural, regulatory and funding issues have needed resolution to achieve
timely and efficient project delivery. Policy inconsistency, weed and pest control approvals,
industry development, and funding cycles have all presented cross border challenges to be
resolved through the advocacy of catchment groups.
Planning burn -out is now a community and human resource reality. Funding is determined by
more and more complex and competing plans, which must detail community and landscape
need, as well as embrace ever -changing government policy.
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RESULTS AND LEGACY
Strong brokerage and advocacy role.
Encouragement, training and promotion of community members.
Participation and voice for indigenous people across whole catchments.
Leadership role in the development of government policy relevant to the region.
Cross border gains in weed and feral animal control.
Improved wetland and riparian system understanding and management.
Setting direction and priorities for research and development.
Promotion of wider community interests in conservation, recreation and tourism.
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ABSTRACT
Soil carbon and ground cover were measured in 2005 on two sets of 24- year -old multiple
grazing exclosures at "Croxdale ", a Queensland Department of Primary Industries & Fisheries
(QDPI &F) research station near Charleville in south -west Queensland. Each trial consisted of
three plots: (1) fully exclosed; (2) domestic stock exclosed and macropods able to graze; and
(3) domestic stock and macropods able to graze. Total ground cover had changed little since

measurements in 1985, although grass cover had significantly declined. The dominant
component of total ground cover was mulga litter with small contributions from grasses and
cryptogams. Soil carbon contents, to a depth of 30 cm, significantly differed between sites.
More soil carbon was present in the fully exclosed sites than in areas grazed by macropods or
macropods and domestic stock. The average soil carbon content in the fully exclosed plots
was 8.2 t/ha greater than in plots exposed to grazing from macropods and domestic stock with
much of the change being confined to one replication. The increase in soil carbon mainly
occurred at depths between 10 and 30 cm. Simulation modelling suggests that the magnitude
of measured changes may be due to a combination of reduced grazing and ongoing soil
erosion in continuously grazed areas.

INTRODUCTION
Recently, management of carbon stocks and biodiversity have become key issues for the

Mulga lands, not only in Queensland but across Australia. There is, for example, the
possibility that increases in carbon content, as a result of modifying management of these
grazing systems, may be traded as carbon credits and thus represent a new source of income
for landholders (Harper et al. 2003). Any changes in carbon stocks due to de- stocking need to

be quantified before assessing any economic value to be gained by carbon trading or
including changes in grazing land management in national carbon accounts.

In 1981 two grazing exclusion sites were established on hard mulga sites on the Department
of Primary Industries' (DPI) Croxdale research station located near Charleville. This was a
component of a project, Mulga Lands Condition Study. The original aim of the experiment
was to provide objective evidence of the effects of livestock and macropods on the stability of
hard Mulga lands. In this paper we report on changes in carbon content after 24 years.

METHODS
In October 2005 each of the three plots at two sites were sampled for cover, tree basal area
and soil carbon, 24 years after initial exclosure. Each site has three plots 50mx 50m with the

following treatments: (1) complete exclosure (1.8m marsupial netting with no grazing
allowed); (2) partial exclosure (5 plain wire fence, excluding sheep and allowing grazing by
macropods); and, (3) control (un- exclosed, normally grazed by sheep and macropods). The
two exclosure sites on Croxdale were labelled X1 and X2 with Xl being furthest from the
Charleville to Quilpie road. Treatments were labelled NONE (no grazing), ROO (macropods
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but no domestic stock, ALL (all animals graze). In each plot, five (east to west) transect lines
parallel to the fence were established at 5, 15, 25, 35 and 45 m from the northern fence line of
each plot. Cover components were estimated at 50 points along each transect line using a line

intercept method for under storey cover components and a GRS densitometer for

determination of over storey foliage cover. Means and standard errors were calculated for
each of the six plots. Stand level tree basal area (at 1.5 m) was determined for each plot using
an optical wedge at 10 -15 locations. A large factor wedge was used to avoid including stems
from trees outside the plots. Tree biomass was calculated using the stand biomass to stand
basal area ratio calculated by Burrows (1976). Leaf litter was collected from 10 randomly
placed 0.25 m2 quadrats in each plot and bulked to a single sample for mass and carbon
content determination. Litter included all components, including sticks of diameters less than
25 mm. Samples were dried at 65°C for 48 hours for moisture determination.

Soil samples were collected at 5 points in each transect line and were collected at 4 depths,
nominally 0 -5 cm, 5 -10 cm, 10 -20 cm and 20 -30 cm using a 50 mm diameter core sampler
hammered into the ground for the first three depths and a standard soil auger for the 20 -30 cm
increment. For the sample depth of 20 -30 cm complete sampling by corer or auger was
impossible due to the large number of rocks in the 5 ->100 mm size range and samples were
taken to 30 cm only where possible. Soil core samples were bulked for each transect and
depth increment. All soil samples were weighed and sieved to 2 mm and sub - sampled for soil moisture determination at 105 °C. Rock, roots and charcoal not passing the 2mm sieve were
collected, weighed and sampled for soil moisture. Bulk density, rock ( %), root ( %) and soil
moisture contents ( %) were calculated for each sample increment with bulk density for 20 -30
cm being estimated from rock content and bulk density of the layers above. Carbon and
nitrogen analysis were determined by the Dumas combustion method using a Leco elemental
analyser following fine grinding of a sub -sample to 0.5 mm. Carbon amounts were calculated
from bulk density and carbon concentration. Carbon dynamics of the site were simulated
using the CENTURY model Version 4.4 (Parton et al. 1987) with the model being calibrated
to the fully exclosed treatments. Parameters for modelling Mulga growth were obtained from
Burrows (1976).

RESULTS
In 2005 there was little grass -based ground cover in any treatment due to prolonged drought
(Fig. 1). Litter cover from mulga was similar to amounts recorded three years after the trial
commencement (Fig. 2). Grazed plots had the least litter cover indicating removal of tree litter
by grazing animals, with 1315, 1230 and 940 kg/ha for NONE, ROOS and ALL treatments.
Mulga recruitment occurred only in the ungrazed plots indicating that both macropods and
sheep can remove mulga seedlings. Significant tree death was seen in the ungrazed plots and
was probably due to drought following thickening of the mulga stand.
The soil carbon content in the de- stocked treatment was higher than in the grazed plots and
averaged 5.2 t C/ha more than plots grazed by macropods only and 4.5 t C/ha greater than
plots grazed by domestic stock and macropods. However, there was significant variability in
the grazed treatments as indicated by the large standard errors (Fig. 3). Soil carbon content
was variable between sites and some of the variability may have been due to differences in
soil texture with site XI being less clayey than site X2 (13% vs. 16% clay). Soil carbon
change (NONE - ALL) was greatest, at 4.1 t C/ha, in the 10 -20 cm layer; and 2.4 t C/ha at 2030 cm. There was with little difference in the top 10cm. If other below ground C stocks
(coarse charcoal and root material from grass and trees) are also considered, the difference
between treatments is greater with the NONE treatment containing 8 -9 t C/ha more carbon
than the grazed treatments.
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Simulation modelling suggested that maximum soil carbon gains in the top 30 cm due to
reduced grazing are in the order 2.0-2.4 t C/ha and are similar in magnitude to decadonal
variability (Fig. 4). However, these changes are less than the simulated trends due to fire
reduction and woodland thickening, which are about 8 t C/ha for soil carbon and lOt C/ha of
tree carbon over 100 years. The measured changes in soil carbon content due to change in
grazing regime is similar in magnitude to those occurring following tree clearing. Average
losses for mulga clearing at 8 sites was 3.7 t C/ha (Harms et al. 2005). Losses after clearing
may be partly attributed to an increased proportion of primary production being consumed,
loss of mulga litter cover and canopy cover causing soil warming, and changes in the [me root
stock collected with the soil. If we hypothesise that the major effect of clearing is increased
consumption of primary production and loss of surface cover, then it could be inferred that
removal of grazing and re-growing mulga in cleared mulga lands could store from 2 to 4 t
C/ha of soil carbon to a depth of 30 cm.
DISCUSSION
There is little reported information of the impact of grazing on soil carbon contents in the
mulga lands of Queensland. Reports by Mills et al. (1989), Dawson (1982) and a symposium
"The Mulga Lands" (Sattler, 1986) do not specifically address issues of soil carbon in the
landscape. Mills (1989) reports the relative carbon and nitrogen contents to a depth of 1 cm in
eroded and non eroded soils, these being 39% and 45%, respectively. There is no
quantification of what this means in terms of mass at the landscape scale where presumably
some carbon is being stored in sediments deposited in drainage lines. Reports from a series of
domestic livestock exclosures established between 1966 and 1984 that simply excluding
domestic livestock did not lead to significant regeneration of desirable species or a reduction
in shrubs still seems to hold true. Variability between plots in our study is significant with the
X2 plots having on average 8.3 t C/ha more C than plot Xl.
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The depth distribution of increases suggests that root inputs rather than litter inputs were the
main driver for soil carbon change. This is corroborated by root biomass estimates where
there was an additional 3.3 t C/ha of root material in the un- grazed exclosure although root
biomass is not a good surrogate for inputs. Grasses are known to become moribund without
disturbance from grazing and fire and loss of disturbance may decrease grass root production.
This study indicates that the potential gains in soil carbon stocks in semi -arid mulga lands
from management of domestic livestock numbers may be small unless grazing by native
animals and erosion can also be controlled. These increments may, however, represent a large
value when extrapolated across Australia's rangelands. Spatial variability has implications for
project scale accounting as sampling needs to account for repositioning of carbon in the
landscape, and the costs of adequately sampling changes in carbon may outweigh the value of
this new commodity.
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INTRODUCTION
If the rangelands are the forgotten backyard of each state, it is often government which has the
poorest memory. In the eastern states of Australia the Lake Eyre Basin (LEB) overlaps much
of that backyard in three states and the Northern Territory. It is a long way between voters in
the outback, and generally burning issues are few when compared with the hiatus over
education/health /policing that grip most of our legislatures. The Lake Eyre Basin may be the
largest catchment in Queensland and comprise a large part of South Australia but when
compared to the natural resource management issues of the Wet Tropics, Great Barrier Reef
or the Murray Darling it has never been high on the radar. After all, only 15,000 of our 4
million odd Queenslanders live there and even fewer South Australians. Only in the Northern
Territory is there a significant population centre in Alice Springs.

EVOLUTION OF GOVERNMENT INVOLVEMENT IN THE LEB
The government spend in the management of the natural resources of the basin was for many
years equally sparse. There were a few hardy stock inspectors, experimentalists and a handful
of park rangers. Cross -border exchanges between government departments were limited to the
odd meeting between the self same officers in places like Birdsville.

This changed in the 1990s. The International Union for the Conservation of Nature and
Natural Resources (IUCN) asked for a World Heritage assessment of the Lake Eyre Basin
wetlands. The outback that always was out there but never visited was discovered by our four wheel drive owning urban inhabitants. The Keating Government went to the 1993 polls with
an intention to declare the South Australian portion of the basin for World Heritage listing.

This galvanised the community of the region in both South Australia and Queensland to
realise that no longer could they conduct their business of raising sheep and cattle without
attracting interest from the broader community and governments.

World Heritage listing at a government level had a rather sorry history of state versus
Commonwealth arguments, often in very public arenas as high as the United Nations. Fresh

from arguments over World Heritage listing of Kakadu and the Wet Tropics, the
Commonwealth was understandably cautious in proceeding with the World Heritage listing of
any site unless it had the support of the State or Territory.
Meanwhile back in the basin the community was getting organised. The pastoralists of the Far
North of South Australia and the Channel Country of Queensland formed the Lake Eyre Basin

Catchment Management Group. This in turn led to the Lake Eyre Basin Steering Group which was charged with coming up with a model for community -based management of the
natural resources of the Lake Eyre Basin. Government saw the formation of the steering group
as an opportunity to be involved in the process and things looked like settling down to steady
progress. This was the first example of cross - border cooperation of the government level in
the broader management of the basin's natural resources.
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The next big event was the purchase of land near Windorah in 1995 by a consortium of cotton
growers who saw an opportunity to irrigate from the Cooper Creek. Their application for

water licences led to a flurry of government activity on both sides of the border. Water
planning, which hitherto had been more of a coastal activity in Queensland, came to the
Channel Country. The Department of Natural Resources created a West Region and regular
exchanges of information began between officers of the States and Commonwealth.

Our politicians stepped in realising the strength of passion in the community and made
decisions. Federal Environment Minister Robert Hill in early 1998 announced that the
Commonwealth government would not proceed with World Heritage listing, preferring to
back community -based efforts to manage the resources of the basin. He also announced the
signing of the Heads of Agreement for the Lake Eyre Basin which provided intent to develop
an agreement over the management of the natural resources of the Lake Eyre Basin in turn
supported by complementary State and Federal legislation.

Meanwhile the community process had moved on with the Lake Eyre Basin Coordinating
Group commencing business in 1998. The coordinating group was funded by the

Commonwealth through NHT1, supported by funds from the South Australian and
Queensland governments.

In Queensland the Water Management Planning process, commenced back in late 1996,
resulted in significant public debate on the wisdom of allocating water from a highly variable
arid river system like the Cooper. With the strength of public opinion being strongly against
irrigation, in 1999 the Minister for Natural Resources, Rod Welford, announced a revised
Draft Water Management Plan that did not allow the taking of any further water for irrigation
in the catchment.
In

late 2000 the Lake Eyre Basin Agreement was signed by ministers from the

Commonwealth, South Australia and Queensland governments. Federal and state legislation
was passed and in early 2001 the first meetings of the Lake Eyre Basin Ministerial Forum and
the Community Advisory Committee and Scientific Advisory Panel were held.

ONGOING CHALLENGES
The next challenge to government came as the first round of the Natural Heritage Trust was
coming to an end. Governments were concerned that investments made under NHT1 did not
always attack key strategic issues required to change the condition and management of our
natural resources. The new approach proposed was funding natural resource management
bodies, led by community boards, who were charged with developing regional plans and
investment strategies. Although broadly similar, each state came up with a slightly different
approach to this. It was clear that a cross -border organisation like the Lake Eyre Basin
Coordinating Group would not fit easily into this new approach. Although natural resource
management bodies around Australia are often modelled on catchments or bioregions, there is
one thing in common - they all stop at a state borders. Neither Queensland nor South
Australia governments supported a body that crossed the state line. The result is that the
natural resources of the Lake Eyre Basin are managed by four boards.
The community has not always been happy with such approaches. Government needs to
balance its needs for policy and legislation, value for the taxpayer dollar whilst keeping the
goodwill of the community on board. This can be a difficult beast to ride. Governments quite
rightly can be criticised for being inflexible and slow to produce results. The regional nrm
body process on the other hand can deliver flexibility and timeliness the government can only
dream about.
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CONCLUSIONS
Where do we go from here? The Lake Eyre Basin Ministerial Forum appears to be working
well. Government processes need to be tuned to reality and move at a faster pace but the
partnership between government, regional groups, academia and the broader community is
strengthening. It is a learning process based on mutual respect and give- and -take.

Where has all of this taken me? I consider myself to be a lucky individual who has had the
benefit of working throughout the basin. This has allowed me to develop knowledge and
contacts which have stood me in good stead. Some of this would have happened anyhow, but
many things simply would not have happened without the goodwill of the Lake Eyre Basin
process. Working with both Desert Channels QLD and SA Rangelands INRM Group in the
production of complementary NRM plans has been a great experience. We now have plans
which share a common vision and cross -border actions to manage the natural resources of the
basin in a more strategic way.
Can we build on this success and take this a bit further? Given that there are around a dozen
rangelands NRM groups in Australia there is real potential for a Rangelands Alliance. Steve
Wilson from Desert Channels can tell us more.
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LIMITATIONS OF VEGETATION SURVEYS IN CHARACTERISING ARID
PLANT SPECIES RICHNESS
K D. Clarke, M.M. Lewis and B. Ostendorf
School of Earth & Environmental Sciences, University of Adelaide,
Waite Campus, Urrbrae, SA 5064
Email: kenneth.clarke @adelaide.edu.au

ABSTRACT
The study examined the ability of two ground survey methods to thoroughly characterise the
woody -perennial species richness of single sample sites or environmental regions. It focused
on the Stony Plains Interim Biogeographic Regionalisation of Australia (IBRA) in the South
Australian rangelands, and analysed field survey data collected by two government agencies
for biodiversity assessment and land condition monitoring. Species -richness /sampling -effort
relationships were analysed to determine the adequacy of sampling. To ensure the validity of
the analysis a method was developed to remove any potential temporal bias from the species richness /sampling -effort relationships. It was demonstrated that the species richness of the

majority of single sites and regions was not adequately characterised. Two important
conclusions can be drawn from the results of this study. Firstly, that further sampling would
change our understanding of the suite of woody -perennial vegetation species typical of those
regions which have not yet been adequately characterised. Secondly, that regional estimates
of species richness derived from this field survey data should be used with caution.

INTRODUCTION
Increased interest in biodiversity conservation has resulted in government Natural Resource
Management (NRM) bodies requiring improved reporting on biodiversity condition in
Australia's rangelands (Smyth et al. 2004). However the term biodiversity is complex and has
come to encompass a great many variables which can be associated with ecosystem health,
and thus identifying what to monitor is a difficult task. Species richness has been identified as
one of the few suitable surrogates for biodiversity (Sarkar 2002). Furthermore, there is reason
to believe that vegetation species richness can act as an indicator of total species richness at
extensive scales (Currie and Paquin 1987; Badgley and Fox 2000; Hawkins and Porter 2003;
Hawkins et al. 2003).

Vegetation species richness is typically measured through field sampling at specific sites and
times. In the South Australian arid rangelands conventional field sampling is conducted by
two State Government programs. However the ability of these ground survey programs to
adequately record vegetation species richness is un- tested. Hence the aim of this study was to
determine whether conventional ground survey methods were able to adequately characterise
the woody -perennial vegetation species richness for single sites and/or regions.

METHODS
Study Area
The study focused on the Stony Plains region, as defined in the Interim Biogeographic
Regionalisation of Australia (IBRA) version 5.1 as well as other adjacent IBRA sub -regions
in South Australia, and stretches from the top of the Spencer Gulf to the Northern Territory
border (Figure 1). Average annual rainfall across the study area ranges from 100 to 300 mm
per annum, and the area is typified by chenopod shrubland (Laut et al. 1977).
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Vegetation Survey Data
The data analysed in this study came from two conventional vegetation surveys, the
Department for Environment and Heritage' s Biological Survey of South Australia (BSSA)
and the Department of Water Land and Biodiversity Conservation' s South Australian Pastoral
Lease Assessment (SAPLA). The two surveys have different goals and therefore different
data collection methodologies. The Biological Survey of South Australia aims to create an
inventory of native species and is biased towards remnant vegetation and probably less
degraded sample sites. Alternatively the South Australian Pastoral Lease Assessment is
designed to monitor the affect of grazing on land condition; sites are all placed a consistent
distance from watering points and may be more degraded than their surrounds. There are 892
Biological Survey sites and 1185 Pastoral Survey sites within the study area.
Individual Sites
When considering single sites, the number of return visits was used as the measure of
sampling effort. Four Biological Survey sites and 23 Pastoral Lease Assessment sites met the
criteria for analysis as single sites, having been visited six or more times.
Region Stratification
To examine the ability of the two ground surveys to characterize species richness of regions,
two types of region were used to stratify the data; the mRA land systems and an arbitrary 100
km grid. The study area is covered by 48 land systems of differing sizes and 30 x 100 km grid
cells. In the regional analysis, the number of sample sites was used as the measure of
sampling effort.
Species-effort Analysis
Species-area curves have long been used in ecology to determine when a region is adequately
characterised by a ground survey. These curves compare the number of species recorded
against the area surveyed. As the surveyed area increases the number of species recorded
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increases, but with diminishing returns. The point at which the curve becomes sufficiently
horizontal indicates an adequate quadrat size (Kershaw and Looney 1985). A similar method
was employed in this study, except that sampling effort replaced surveyed area (see Figures 2
& 3 for examples). A method was developed for determining species -effort relationships and
applied to data for single sites and regions. Logarithmic functions which described these

species -effort relationships exceptionally well (R2 >= 0.96) were developed through
regression. The slope of the species -effort relationship allowed determination of the point at

which the curve became sufficiently horizontal (slope <= 0.25), and a site or region was
deemed to be adequately characterised when it reached this point.

RESULTS
No Biological Survey sites and only the two least diverse Pastoral Leases Assessment sites
were adequately characterised by the conventional survey methods. In the case of the example
individual site species -effort plot (Figure 2) this means that previously unrecorded perennial
vegetation species still being recorded with additional sampling effort .The period over which
sites were surveyed was relatively short: nine years for Biological Survey and seven years for
the majority of Pastoral Lease Assessment sites. Number of species found on individual visits
varied but did not increase over the sample period.

The majority of land systems and grid cells were not adequately characterised by either
ground survey method. In other words, many species would be found with additional
sampling effort. Only the two largest land systems were adequately characterised by BSSA
and four of the nine largest land systems were adequately characterised by SAPLA. The
BSSA data did not adequately characterise any 100 km grid cells and the SAPLA data only
adequately characterised two 100 km grid cells. For those sites, land systems and grid cells
where perennial plant richness was not adequately characterised, the number of surveys which

would be required was predicted from the developed regression formulas. These estimates
were conservative.

DISCUSSION & CONCLUSIONS
The aim of this study was to determine whether conventional ground survey methods were
able to adequately characterise the woody - perennial vegetation species richness of single sites
and of regions in a portion of the Southern Australian rangelands.

It was demonstrated the neither the Biological Survey of South Australia nor the South
Australian Pastoral Lease Assessment surveys were capable of recording all woody -perennial
species present at an individual site with a single sampling. Furthermore only two sites with
six or more visits were adequately characterised. It could be argued that the inability of either

ground survey method to adequately characterise individual sites could be due to ageing
successional vegetation communities or general improvements in landscape condition over
the sampling period. However the sampling intervals are relatively short and perennial
vegetation composition would be unlikely to change through succession over such a short
time, especially in the arid study area. There is also no evidence for a general improvement in
landscape condition over the sampling period. It is therefore reasonable to conclude that the

majority of sites, which have been sampled on three or fewer visits are not adequately
characterised.

Stratification of the ground survey data by region demonstrated that perennial species richness

of the majority of land systems and grid cells was not adequately characterised. This is
significant because it indicates that further sampling of the majority of regions would result in
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the discovery of additional woody -perennial species and therefore change our understanding
of the suite of species which characterise these regions. Additionally, because the majority of
regions are not adequately characterised, regional estimates of species richness developed
from this field survey data should be used with caution.

This study has demonstrated that conventional vegetation surveys do not adequately
characterise woody perennial species richness in a portion of South Australia's rangelands.
However these datasets contain a wealth of information and it may be possible with further
work and the knowledge gained from this study to develop an index of species richness from
the ground survey data.
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ABSTRACT
The devolution of responsibility for natural resource management to regional communities via
the regional delivery model means there is an increased focus on the capacity of communities
within the 57 NRM regions across Australia to undertake these functions. How can this
capacity be gauged and how does this link with regional NRM plans and impact the projects

proposed within them? This study aims to identify and measure the key capacities for
communities involved in NRM, and thereby enhance the capacity of participants to deliver or
adopt NRM programs.

The project builds on work undertaken by the Department of Primary Industries and
Resources SA, The University of SA and Rural Solutions SA by further developing and
enhancing an electronic capacity auditing tool and reconfiguring it for specific application in
the NRM context. The basis of the new tool is a series of statements to which participants
respond collectively and through consensus using a series of Likert scales, which measure
perceived capacity strength and importance and the confidence with which participants are

responding. Preliminary results indicate some perceived differences in capacity strength
between institutional and local community tiers. These differences are supported by
participant comments and project team observations. The results can be used to identify and
prioritise capacity building projects which, through the action research approach, are owned
by a broad spectrum of the NRM community.

INTRODUCTION
The peak NRM body for the South Australian Arid Lands (SAAL) NRM Region is the SAAL
NRM Board, comprising community members and state and federal agency staff. The Board
is tasked with managing the natural resources within the region and one of its priorities has
been to develop a structure within which to engage its regional communities. As part of the

2005 -6 NRM Investment Strategy, the SAAL NRM Board sought to assess its regional
capacity to deliver its NRM Programs. Together with the SA Department of Water, Land and
Biodiversity Conservation (DWLBC) and the SA Department of Primary Industries (PIRSA),
the Board commissioned a project team comprising staff from Rural Solutions SA (RSSA)

and DWLBC to develop an integrated tool for assessing regional NRM capacity and
simultaneously build capacity for achieving NRM change within the region.

This paper presents a project that developed an electronic NRM Community Capacity
Assessment tool (the tool) to assist communities to rate the strength of their regional capacity
to deliver NRM programs. The tool:
1) Identifies nine elements of capacity that span across four types of capital
2) Operationalises the elements of capacity using 61 statements and a set of social indicators
linked to a four -point Likert scale
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3) Generates both graphs and matrices to show the relative strength and importance of
capacities as perceived by different community tiers, as well as how confident community
groups were in responding to each capacity.

The current project focuses on the NRM sector and has modified the capacities and social
indicators of a capacity assessment tool developed for primary industries (Cock et al. 2006) in
light of recent work by Cavaye (2005) and Fenton (2005). Cavaye developed a capacity

assessment methodology for NRM regional arrangements in Queensland and Fenton
developed a framework for monitoring and evaluating the social and institutional foundations
of the Natural Heritage Trust (NHT) and National Action Plan for Salinity and Water Quality
(NAPSWQ).

While Fenton's and Cavaye's work systematically assess NRM community capacity at the
institutional (i.e., NRM Board, State and Federal Government) and organisational (e.g.,
landcare group) levels, there has been very little development to date of social indicators for
NRM at the individual (e.g., land manager) level. The purpose of this work is to develop a
integrated tool for assessing capacity at multiple community tiers (levels) in the NRM sector
by augmenting Cock et al. 's (2006) work which endeavours to build capacity while assessing
it using a participatory action research process.

METHODOLOGY
Sampling
The tool used a participatory action research design involving the SAAL NRM Board (at the
institutional tier) and six community groups which represent organisations and land managers

in the SAAL NRM region. While the SAAL NRM Region encompasses an area of
approximately 50% of SA, the region is sparsely populated, with just on 2% of the total SA
population residing within it (ABS 2004). For more densely populated NRM regions, the
scope exists for separating the organisational and individual community tier.
The SAAL NRM Board constituted the 10 board members appointed by the Minister and this
group was representative of the institutional tier. Community groups were selected across the
organisational and individual tiers. The project team selected participants who represented
different organisations and land use interests. Each group (n 15) was invited to a capacity
assessment workshop (4 hours) facilitated by the project team. All responses were directly
entered into the electronic tool for later analysis.

Auditing tool and process
The tool comprises a MS Access database containing nine capacities derived from research by
rural sociologists (Webb & Curtis 2002; Fenton 2005; Cavaye 2005):
1) Culture
2) Governance
3) Networks and relationships
4) Strategic direction
5) Leadership
6) Human resources
7) Financial resources
8) Physical resources
9) Knowledge resources
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Each capacity is operationalised using a set of statements, which were individually presented
in an electronic form and projected onto a screen for participants. The group was asked to
respond to each statement on a Liked scale from "1 = Strongly Disagree" to "4 = Strongly
Agree ". All responses were reached through consensus - facilitation was important to ensure
equal participation by all group members. Responses to each statement were guided by a
series of indicators presented on a likert scale from "1 = Strong Capacity" to "4 = Needs
Strengthening ". Each audit group was also asked to rate the importance of each statement
relative to delivering or adopting NRM within their region, as well as how confident they
were in responding to the statement.

Reporting Outputs
The tool has in -built reporting features which enable aggregation of capacity strength,
importance and confidence responses made by the various respondent groups. Each capacity
consists of a number of statements. For each community group, responses to statements were
averaged and the result used to obtain a mean capacity strength score. The mean capacity
strength score for each community group was then aggregated to obtain a total mean capacity

for groups within a particular community tier (e.g., institutional tier). This process was
repeated for the importance and confidence scores.
The aggregated capacity strength scores were then graphed to show the differences in capacity
as perceived by: 1) institutional tier; and 2) the organisational and individual tier (these tiers
were grouped together due to the low regional population size). Matrices were generated to

show the relationship between the capacity strength, capacity importance and capacity
confidence for each capacity. Each matrix was converted into action blocks ranging from "No
Action" through to "No. 1 Priority" in order to both identify and prioritise capacity building
programs.

FINDINGS
At the time of writing, the project is incomplete and results have not been correlated nor
reported to project proponents. Data presented below represent possible outputs of the tool
and are included for illustrative purposes only.

The mock data (Fig. I) indicate that the Board (institutional tier) perceives it has strong

leadership capacity but weak financial resources to implement its NRM programs.
Comparisons can be made between community tier perceptions. The organisational and
individual tier perceived the Board had more financial resources than the Board itself
perceived.
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Figure 1: NRM Board's Capacity as perceived by two community tiers (mock data)
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To improve internal validity, the empirical data can be triangulated with participant comments
and project team observations. For example, the SAAL NRM Board noted that their strategic
capacity was lower than other capacities because it has not yet developed its comprehensive

NRM plan. The following project team observations reinforced the importance of group
discussion.

Participants commented that the audit process was a platform for generating new information
and was an aid to providing a comprehensible and specific understanding of what the Board
wants to achieve. This was particularly so, given that a number of the issues raised had not
been considered by the group as relevant to natural resource management prior to the audit.
The social interaction also provides a means for discussing peripheral NRM issues and /or
other issues relevant to the community.
CONCLUSION
This paper has outlined a NRM community capacity assessment tool, which has the power to
assess institutional, organisational and individual perception of NRM capacities within a
geographical region. Participant evaluation of the process has been generally positive and
affirms that they are able to articulate their strengths and weaknesses relative to their capacity
to deliver or adopt NRM programs.
Importantly, the presentation of the graphs and matrices provides a mechanism for prioritising
investment in areas for capacity development, which has been determined by the participants
themselves. The project team believes that community ownership of the process will inspire
local involvement in NRM programs.
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ABSTRACT
A F.NIRS calibration equation was developed for predicting the 613C ratio in faeces, and
therefore the proportions of C4 tropical grasses to C3 non -grass plants (primarily forbs,
legumes and browses) selected by grazing cattle. This calibration equation was used to
measure seasonal profiles of dietary non -grass intake for a NE Qld speargrass site with and
without introduced pasture legume, and for a NW Qld Mitchell grass site. In addition, results
are presented for cattle grazing savannahs in the monsoonal tropics of central, northern
Australia. Non -grass can form a substantial component of the diet even where there is ample
grass on offer and may contribute substantially to diet protein content during the dry season.

INTRODUCTION
In the tropics and subtropics of northern Australia the native and introduced pasture grasses
are predominantly C4 species. Conversely, most of the non -grass vegetation comprises C3
species. Diet C4 and C3 proportions can be determined from faecal 13C/12C ratios (6' C, Jones

1981). The 613C is usually measured by mass spectroscopy, but Near Infrared Reflectance
Spectroscopy (NIRS) provides a rapid and inexpensive alternative (Clark et al. 1995, Coates
2004). This paper reports the development and application of F.NIRS for the measurement of
613C of faeces for cattle grazing tropical pastures in northern Australia.

METHODS
NIRS measurements
A calibration equation to measure the 613C was developed from faeces of cattle grazing a
wide range of pastures comprised of C4 grasses and C3 non -grasses. Faecal 613C was
measured by mass spectroscopy, while reflectance (700 -2500 nm) of dried and ground faeces
was measured using a Foss 6500 scanning monochromator. Calibration and validation
statistics for 613C calculated in a MPLS model with first derivative of log 1!R spectra and
SNV- detrend transformed data were excellent (n 1501; range -12.27 to -27.656; SEC 0.78;
SECV 0.78; R2cai 0.94; SEP 0.83). Diet proportions of non -grass were calculated as: % nongrass = (faecal 613C - 13.5) * 7. This assumes that the average faecal 613C for C4 grass and C3
non -grass diets are -13.5 °° °° and -27.5 ° °, respectively.

Sampling procedure
F.NIRS measurements examined the seasonal profiles of diet non -grass and crude protein
(CP) at two sites grazed by young Bos indicus cross cattle. At Swans Lagoon near Townsville

in the northern speargrass pasture region, heifers grazed a paddock of unimproved native
pasture (NP) or NP oversown with seca and verano stylos (NP +stylo). At Toorak near Julia
Creek, measurements were made with two drafts of steers grazing Mitchell grass downs
pasture in 2002 and 2004. Pasture composition was assessed at the end of the wet season at
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both sites. In addition F.NIRS measurements were made on two properties in the monsoonal
tropics. Samples representing cattle located at various watering points were collected on two
occasions (March -April and June -July) at Newcastle Waters (south of Daly Waters) and one
occasion in August at Carlton Hill (near Kununurra). Samples were stored frozen, dried (65°
C), ground, and then scanned.

RESULTS
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Figure 1: Faecal MRS predictions of diet non -grass proportions and crude protein
concentration at (a) Swans Lagoon and (b) Toorak Research Station
At Swans Lagoon, in heifers grazing NP, the diet non -grass was 20 -27% from March to mid -

April, declined to 0 -7% in the mid dry season, but increased again in the late dry season
(Fig.la). Diet CP declined from about 9% in March to 3 -5% from June to September. In
April, native legumes and forbs comprised 8% of the 3.1 t/ha of total pasture DM on offer.
Presence of stylos in the pasture (NP +stylo) resulted in much more non -grass in the diet

selected through the dry season, and this was >50% in early June. Diet CP was
correspondingly higher (mean of 6.4% June -September). In April the stylo, native legume and
forbs comprised 32% of the total 3.1 t/ha pasture DM on offer.

At Toorak, rainfall in the wet seasons preceding F.NIRS measurements was only 54% (236
mm) and 70% (308 mm) of the long -term average for the 2002 and 2004 drafts respectively.
Pasture on offer in May was 1.11 and 1.43 t/ha, respectively. Non -grass, which consisted of
native legumes and forbs, comprised <2% of pasture DM in May 2002 but almost 19% in
May 2004. In 2002 the non -grass was 30 -20% of the diet in April and May, declining to
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8 -19% (mean 14 %) from mid -June to December (Fig.1b). Diet CP of 7.2 -5.8% in April and.
May declined progressively and was <5% by the late dry season. In 2004 non -grass in the diet
was much higher and averaged about 36% through the dry season, April- December. Diet CP

in 2004 was only slightly higher than in 2002 (means of 5.8 and 5.5% respectively for the
period April- December). In both drafts of steers diet non -grass and CP concentration
increased sharply following the break in the dry season.
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Figure 2: Relationship between predicted diet CP% and diet non -grass% for samples
collected from different cattle watering points at Newcastle Waters and Carlton Hill

The linear relationships (P < 0.05) between diet CP and non -grass at both sites in the
monsoonal tropics (Fig.2) indicated that the protein content of the non -grass was higher than
that of the grass. The intercepts of the regressions provide a measure of the protein content of
the grass selected (3.1- 5.3 %), while the slopes indicate that the protein content of the selected
non -grass ranged from 8.9 -9.9 %. For every 11% increase in diet non -grass, CP of the entire
diet increased by >1 %. The regressions for the two sampling at Newcastle Waters suggested
that the grass selected decreased from 5.3 to 3.6% CP, while the non -grass selected decreased
from 9.9 to 8.9% CP, during the interval between samplings.

DISCUSSION
Errors in the F.NIRS measurement of the non -grass % were potentially associated with both
the use of faecal 613C for this purpose, and the F.NIRS prediction of faecal 613C. First,
calculation of dietary non -grass from faecal 613C did not allow for any differences in the

digestibility of the grass and non -grass fractions of the diet (see Jones 1981). Higher
digestibility of the non -grass fraction, as often occurs, leads to slight under- estimation in diet
non -grass proportions. If the non -grass is lower in digestibility than the grass, as may occur
when browse is ingested, diet non -grass may be over -estimated. Second, the presence of C4
forbs in the diet may also lead to errors. Third, there will be variable analytical errors bearing
in mind that the standard error of prediction (SEP) of 0.83 is equivalent to 6% non -grass.

The F.NIRS measurements presented demonstrate a number of characteristics of the diets
selected by cattle through the seasonal cycle in northern Australia. First, diets devoid of non grass would appear to be uncommon and only rarely occur where grass is either completely or
extremely dominant, or at certain times of the year. Secondly, the non -grass species can often
comprise a substantial, and sometimes the dominant, component of the diet. The proportion of
diet non -grass appears to be associated with the amounts and types of species present, and
also with seasonal effects. A high degree of selection for non -grass during the dry season was
clearly demonstrated on the NP +stylo pasture at Swans Lagoon, and on the Mitchell grass
downs at Toorak. At the latter site, although the proportion of non -grass in the pasture in May
2002 was <2 %, diet non -grass averaged almost 15% through the dry season May- December
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(Fig.1b). Comparable amounts in 2004 were <20% in the pasture in May but 36% in the diet

through the dry season, May- December. Extreme examples of selection for non -grass
commonly occur when little grass is available such as during drought.

The results presented, together with numerous comparable F.NIRS measurements of the diet
selected by grazing cattle across northern Australia (D.B. Coates, unpublished data), indicate
that non -grass often comprises a substantial proportion of the diet selected and that protein in
the non -grass components of the diet is often much higher than in the grass fraction. The
selection of non -grass material would therefore delay the onset and reduce the severity of the
dry season protein deficiency often observed in northern Australia. At Toorak, the similar diet
protein concentrations during the two dry seasons, despite the substantial difference in diet
non -grass proportions, appeared to contradict this hypothesis. However, it seems likely that
this was an unusual situation due to the protein in the grass being lower in 2004 than in 2002.
DM digestibility of the diet was lower in 2004 than in 2002 (data not shown) and this would
be consistent with a lower leaf -stem ratio and lower grass CP. The late dry season increase in

diet non -grass of cattle grazing NP at Swans Lagoon probably reflected an increase in
browsing behaviour stimulated by very low grass protein levels and the lack of herbaceous
non -grass components in speargrass pastures at that time of year. In contrast, cattle grazing
the NP +stylo pasture had access to the perennial seca stylo.
CONCLUSIONS

The contribution of non -grass to the diets of cattle grazing the rangelands of northern
Australia can be easily and reliably estimated using faecal NIRS. The non -grass fraction can
make a substantial contribution to the diet in terms of proportional DM and protein status.
Since the protein level of grass during the dry season is generally well below maintenance
requirements for cattle, the edible non -grass components of the vegetation form an important
part of the fodder resource, even where grasses dominate.
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ABSTRACT
In grazed landscapes, the condition, location, size and frequency of grazing induced patches
can relate directly to hydrological function, sediment and nutrient loss at the paddock scale
and beyond. A new patch classification framework (PATCHKEY) linking descriptors of the
Queensland Department of Primary Industries and Fisheries (QDPI &F's) ABCD land
condition framework with measurable drivers of hydrological function, has been developed to
help quantify the processes of degradation and recovery on crusting soil types in the upper

Burdekin region of North Queensland. PATCHKEY is being tested and refined using
multivariate examination of measured patch attributes collected at a range of scales and sites.

We are also using PATCHKEY to explore links between grazing preference and land
condition at patch scale.

INTRODUCTION
In grazed landscapes of North Queensland, the condition, location, size and frequency of
grazing induced patches can relate directly to hydrological function, sediment and nutrient
loss, at the paddock scale and beyond. An essential tool to understanding these processes, and
quantifying their hydrological impact, is a robust patch classification framework, which links
structural elements of land condition with key drivers of landscape and hydrological function
at the patch scale. This was the genesis of PATCHKEY, a conceptual patch classification
framework, developed initially for use on the crusting soils of the upper Burdekin catchment.

DEVELOPMENT OF THE PATCHKEY CONCEPTUAL FRAMEWORK
PATCHKEY is a hierarchical patch classification framework (Figure 1) linking the main
herbage layer descriptors and thresholds of the QDPI &F's, ABCD land condition framework
(Chilcot et al, 2003) with key drivers of hydrological function selected from the array of soil
surface condition assessment (SSC) attributes and thresholds of landscape function analysis
(LFA) methodology (Tongway et al, 1995) The framework is deliberately independent of soil
and, vegetation type, topography and short term grazing impacts, so that the interactions
between patch condition, grazing preference and land type resilience can be explored.

The primary (structural) variables classify patches from A to D according to pasture
condition, composition and ground cover thresholds; the secondary (functional) descriptors
and thresholds (representing those elements of SSC considered to be most suited to use in
rapid pass field assessment of patch types) determine the final PATCHKEY classification,
signified by an alpha- numeric code e.g. A2, B3, C5. A subset of 26 PATCHKEY classes were
selected for inclusion in the conceptual framework, representing the most likely combinations
of primary and secondary attributes occurring from A to D condition. Of these, the largest
number of PATCHKEY classes fell within the "C" condition category, which sits astride the
Ecograze state and transition model "management restoration threshold" (Ash et al, 2001) and
is the most dynamic in terms of structural and functional response to change.
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Primary (structural) PATCHKEY classifiers and thresholds
Dominant pasture form

Main functional group

Perennial tussock grass
Perennial stoloniferous
Annual
Bare (no herbage)

PG basal area

Ground cover

Decreaser native PGs
Increaser native PGs
Exotic PGs
Annual grasses & forts
None (bare)

High ( >3 %)
Med (1.5 -3 %)

High ( >70 %)

Med (40 -70%)
Low (15 40 %)
Insig. (0 -15 %)

Low (0.5 -1.5 %)
Insig. ( <0.5 %)

Secondary (functional) classifiers and thresholds
Foliar cover %

i

High ( >50 %)
Med (30 -50 %)

Low (10-30%)
Insig. (< 10 %)

i

Litter cover %
High
Med
Low
Insig.

( >50 %)
(25 -50 %)
(10 -25 %)

(< 10 %)

Erosion Severity

Deposition Extent

Severe
Moderate
Low
Insignificant

Extensive
Moderate
Low
Insignificant

Figure 1: Diagram showing hierarchical flow of PATCHKEY patch classification
framework
FIELD TESTING THE CONCEPTUAL PATCHKEY FRAMEWORK
PATCHKEY was tested at a range of scales and locations in the upper Burdekin during 200406. At each site a replicate series of patches was selected across the PATCHKEY range and
independently profiled at contiguous 1 m intervals along transects for the full array of pasture,
soil surface condition (SSC) attributes. Mean SSC indices were derived for each patch type x
site combination studied. This data was used to identify likely functional thresholds for more
detailed profiling via direct measurement of infiltration, soil respiration, soil physical and
chemical properties and leakiness. Data from the latter measurements were then used to
derive relationships between SSC indices, ground cover and measured hydrological and soil
health attributes, for application across the full PATCHKEY range. In addition, PATCHKEY

classes were assigned to quadrat data collected for paddock scale pasture and grazing
distribution surveys as part of the same project. This data provided a further resource for
independent multivariate examination of the conceptual framework, while allowing
interactions between grazing preference and patch condition to be explored.

Initial field test results
SSC stability, infiltration and nutrient cycling indices derived from patches showed a clear
trend from A to D condition on all sites, but also variation within those condition classes,
driven mainly by the relative contributions of foliar and litter cover and the extend of surface
erosion and deposition present (Figure 2a). While there were some differences between land
types (Figure 2b) in general SSC scores were comparable for given PATCHKEY classes.
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Figure 2a, b: LFA SSC scores for a. (left) a complete range of PATCHKEY classes at
Virginia Park study site (red chromosols) and b. (right) a subset of patch types on at
Wambiana study site (yellow sodosols).
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If PATCHKEY pasture form and functional group categories are replaced by a single classifier
denoting percentage contribution of decreaser perennial (3P) grasses, then class values (1 -4
except for erosion/deposition where the order is 4 -1) can replace PATCHKEY class levels
(insignificant to high), allowing relationships between PATCHKEY "scores" and SSC indices
to be developed. (Figure 3a). Relationships obtained between SSC values and measured patch

attributes such as infiltration (Figure 3b), soil respiration and leakiness were then applied
across the full range of PATCHKEY classes allowing development of predictive relationships
between land condition, hydrological function and landscape health for the land types studied.
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Figure 3 a &b: Relationships between a. SSC stability and PATCHKEY scores (left) and
b. SSC stability vs. measured infiltration for key patches (right) at Virginia Park study
site, November 2004
Our studies found some variation in the interaction between land type, patch condition and
measured functional attributes, even within the crusting soil types, which may be due to
inherent land type characteristics or historical land use impacts. This will be the subject of
on -going investigation as PATCHKEY is tested and refined on a greater range of sites.

USING PATCHKEY TO EXPLORE THE INTERACTION OF GRAZING AND LAND
CONDITION
Application of the PATCHKEY framework to grid surveys of pasture condition and grazing
impacts on a range of study paddocks has allowed the interaction between patch condition and
grazing preference to be explored, using the relative selectivity index of Jacobs (1974) E
(Ui -Ai)/(Ui + Ai) where Ui is the proportion of total defoliation scores located on a given

vegetation community and Ai is the proportion of total observations occupied by that
vegetation community. The resultant value of E ranges from -1 to + 1, with a positive value
indicating relative selection preference for that community (or other habitat feature) and a
negative value indicating relative avoidance. Results indicate a clear preference for "C"
condition patches in paddocks of low to moderate stocking rate and overall A -B condition
(Figure 4a) with selection preferences flattening out as stocking pressure increases and
paddocks move to towards C -D condition and available forage become limiting (Figure 4b).

WHERE TO FROM HERE WITH PATCHKEY?
The PATCHKEY framework is being refined, using both independent multivariate decision
examination (cluster, Bayesian CART) of patch attribute data and conventional statistical
techniques to determine the final PATCHKEY array, key thresholds and appropriate decision
steps. In its present form PATCHKEY has already been successfully used to help develop
relationships between patch condition, ground cover distribution and run -off at hillslope scale
(Bartley et al, 2005).
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Blue Range Station - long term low stocked, B+ condition (left) and b. Bottom Aires
paddock Virginia Park Station -long term high stocked, C condition (right) end of dry season 2004
PATCHKEY has also been used to explore relationships between ABCD land condition and
size, distribution and frequency of key patch types within the grazed landscapes of the upper
Burdekin. Existing study paddocks at Virginia Park, Blue Range and Wambiana stations have
been used to compare high resolution satellite imagery with ground based data, facilitating
both classification into main PATCHKEY types and comparison with landscape leakiness
indices ((Ludwig et al, 2002)) derived from the same imagery. Early results suggest that a

refined PATCHKEY framework will prove to be a useful tool linking ground based
monitoring of land condition with existing remote sensed monitoring tools.
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ABSTRACT

A grazing trial begun in the Victoria River District (VRD) in 1993 aimed to determine
sustainable management strategies and stocking rates that were optimal in terms of both
ecology and economics. Stocking rates between 5 -15 breeders /km2 (average pasture
utilisation rates of 6 -20 %) were chosen based on best knowledge of sustainable rates. Results

from the first eight years suggested that even the highest stocking rates tested were
sustainable. In 2001 the trial was modified to test set utilisation/variable stocking rates and
included even higher utilisation rates than the first trial, with rates tested ranging from 1245%. Results since 2001 suggest that utilisation rates up to 24% are sustainable with smaller,
more evenly watered (and hence grazed) paddocks. This has major implications for the
number of cattle that can potentially be carried in northern Australia and may have profound
effects on regional development.
INTRODUCTION
A 1997 survey in the VRD of 134 paddocks found paddock stocking rates averaged 11
AE/km2 ranging from 5 -35 AE /km2 (Dyer et al. 2003). 40% of paddocks were stocked less

than 10 AE/km2. Based on modelled pasture growth, 11AE/km2 is equivalent to 25%
utilisation on red and 15% utilisation on black soils in a median rainfall year (Dyer et al.
2003). At the time of the survey however, this represented utilisation rates of just 13% on
black soil or 21% utilisation on red soil (Dyer at al. 2003).

However, while average utilisation rates were low to moderate, paddock sizes are large and
40% of the VRD is greater than 4km from water (Fisher 2001), resulting in areas close to
water being overgrazed, while far from water utilisation is very low. Cattle producers in the

region recognise the potential for further development and in a recent survey of cattle
producers in the Katherine region (Oxley 2006), producers estimated that carrying capacity
could be increased by 25% in the next five years and 42% in the next 10 years with current
development plans, with 80% of producers having immediate plans to develop further water
points and subdivide paddocks.

This paper presents results from a long term grazing trial at Mt Sanford. Prior to this study
there was little local information on sustainable carrying capacity of the region. This study

will provide objective estimates of sustainable utilisation, and facilitate infrastructure
development based on realistic production capacity estimates, which will hopefully avoid the
over -development of the rangeland that has occurred in the eastern savannas (Stokes 2004).
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METHODS
The trial was at Mt. Sanford Station, approximately 500km south west of Katherine, in an
open savanna dominated by (in order of yield) Astrebla spp. (19 %), Aristida latifolia (18 %),
Iseilema spp. (12 %), Chrysopogon fallax (11 %) and Dichanthium spp. (11 %) on basalt
derived black cracking clay soils. The paddocks ranged in size from 4 -8km2 and were roughly
square or rectangular in shape.

May 1993 - May 2000
Six paddocks were set stocked with 54 cows, 10 -13 steers, 2 bulls and associated calves.
Stocking rates varied from 5 -15 head/km2 depending on paddock size. Utilisation rates varied
seasonally with pasture growth and averaged 7 -20 %.

October 2000 - October 2005
Following the first eight years of the trial, treatments were changed to set utilisation and
variable stocking. Animal numbers were adjusted each May to achieve a constant utilisation
rate (the proportion of the pasture that grows each year that is consumed by cattle). The
lowest utilisation treatments (average of 6 -7 %) were abandoned and higher utilisation rates
(35 and 45 %) added. Planned (and actual average adjusted utilisation rates) were 12(13) %,
16(19) %, 22(24) %, 28(31) %, 35(41)% and 45(49) %. A late wet in 2002/2003 meant that
actual utilisation was much higher than aimed for, which increased the average utilisation
over the trial.

Pasture was assessed for percent bare ground, total standing dry matter and percent
composition of the top four species contributing to yield at the end of the wet season in
April /early May and the end of dry season in October each year, except where access was not
possible due to rain, with 12 datasets from 1994 to 2000 and 11 datasets from 2001 -2006.

Statistical analysis
Each utilisation treatment was usually represented by a single paddock. Hence variables could
vary significantly between paddocks as a result of inherent paddock differences. For this
reason, it is the effect of utilisation treatment on change through time that was often of interest
as a way of differentiating utilisation effects. This was detected through repeated measures
ANOVA, time x utilisation interactions of April/May datasets.

RESULTS
From 1994 - 2000, only one year had below average rainfall (1997/98) with four years in the
top 20 %, and one year in the top 30 %. Rainfall was median to above average from 20012006, although the 2002/2003 growing season was very short and hence poor, with no
substantial rainfall until the second half of the wet season.

Most variables varied significantly through time, following seasonal fluctuations (Table 1).
From 1994 to 2000 utilisation had no discernable negative effect on land condition. From
2001 to 2006 there was beginning to be some indication that utilisation levels above 30% are
leading to reduced land condition.
Percent bare ground was higher with higher utilisation from 1994 through to 2006. From 1994
to 2000, average % bare ground at the end of the wet season ranged from 16 -23 %, and 2843% at the end of the dry season (at 7 and 20% utilisation respectively). From 2001 -2006, the
proportion of bare ground in May and October increased up to 31% utilisation (at 26% and
56% bare ground respectively), but did not increase with higher utilisation.
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Table 1: Effect of utilisation treatment and time on land condition indices and plant
composition in May from 1994 to 2006 at Mt Sanford. Repeated Measures ANOVA. P<
.05, * *P <.01, * ** P <.001. * ln (x +1) transformation applied to the dependent variable
Variable

% Bare ground
Total standing dry
matter
Aristida latifolia
yield
Astrebla spp. yield
Brachyachne
convergens yield*
Chrysopogon fallax
yield
Iseilema spp. yield *
Panicum

Time *
utilisation
interaction

Utilisation

Time

(13 -49 %)

20012006

Time *
utilisation
interaction

* **
* **

**

*

* **

* **

* **

* **

* **

**

* **

* **

* **

* **

**

* **
* **

**

* **
* **

* **

* **

* **

* **
* **

* **

Utilisation

Time

(7 -20 %)

19942000

*

* **

* **

**
**

* **

* **
* **

* **
* **

* **

**

decompositum *

Total standing dry matter did not significantly vary between utilisation levels from May 19942006. However, it was significantly negatively correlated with utilisation in May 2002, 2003,
2004 and 2006 (Spearman's correlation -.43 * * *, -.30 *, -.39 ** and -.27* respectively), but this
represented recent grazing as growth estimates were not influenced by utilisation rate.

From 1994 to 2000 Astrebla spp. yield was significantly higher at the highest utilisation level
of 20 %, increasing more through time, while in the two lowest utilisation treatments Astrebla
spp. started out highest, but decreased through time. From 2001 -2006, Astrebla spp. yield
through time varied with utilisation treatment; increasing at 13 %, highest and fluctuating at 24
& 31% and relatively low and flat at 19, 41 and 49 %. Panicum decompositum yield decreased
more through time in 41 and 49% utilisation from 2001 -2006. Other palatable dominants at
the site, Dichanthium species showed no response to utilisation level.
Chrysopogon fallax yield increased through time at 20% from 1994 -2000, while fluctuating at
lower utilisation levels and its trend through time did not vary between utilisation treatments
from 2001 -2006.

From 1994 -2000 Aristida latifolia yield was significantly higher through time at the 16%
utilisation level than at 20 %, which varied little through time. From 2001 -2006, there was no
utilisation treatment effects on Aristida latifolia. Time utilisation interactions were not
indicative of Aristida increasing more at higher utilisation levels.

Iseilema spp. yield was highest and varied more inter -annually at 12% utilisation from 1994-

2000, and 13% utilisation from 2001 -2006 (both in the same paddock). Brachyachne
convergens yield decreased most through time from 1994 -2000 at 12% utilisation and was
lowest and fluctuated least from 2000 -2006 in 13% utilisation (the same paddock).
DISCUSSION
There was no evidence of declining land condition under utilisation levels ranging from 7-

20% from 1994 to 2000. In contrast to this, the palatable Astrebla spp. yield increased
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through time at 20% utilisation, when they are known decreasers under heavy grazing (Fisher
2001). Additionally cover levels at 20% utilisation were within current recommended levels
of more than 50% ground cover (Chilcott et al. 2004). This is perhaps not surprising given
that 30% utilisation of Mitchell grass vegetation types in Queensland is considered `moderate'
grazing pressure (Fisher 2001).
From 2001 -2006, there was some evidence that the highest utilisation levels of utilisation may
not be sustainable, with negative impacts on the palatable Panicum decompositurn at 41 -49%
utilisation. The higher levels of the decreaser Astrebla spp. at intermediate utilisation rates of
24 -31% suggests these are sustainable levels. However at 31 -49% utilisation cover levels

leading into the wet season were less than 50 %, which is below that recommended for
sustainable land use (Chilcott et al. 2004). The higher incidence of palatable Iseilema spp.
combined with a lower incidence of increaser Brachyachne converges in the lowest
utilisation treatment, are typical grazing responses found elsewhere (eg. Fisher 2001).

CONCLUSIONS
Fourteen years of grazing across a variety of seasons have demonstrated that land condition
can be maintained at levels of utilisation around 24 %, and potentially up to 31% utilisation
which is considerably higher than the industry average of 20% and is consistent with producer
plans to increase production by 25% in the region in the next five years. However, this higher
utilisation rate may not be applicable to red soils. It is also contingent upon appropriate
infrastructure development and more intensive management systems to manage the increased
risk associated with more closely following seasonal potential.
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ABSTRACT

Although not widely adopted, many producers have claimed beneficial responses in
environmental sustainability and livestock productivity following introduction of cell grazing.

However, there has been much discussion regarding the impact of cell grazing in the
Australian landscape and the lack of research data for producers. This investigation was
conducted to provide data from a comparison of cell grazing and conventional grazing.
The study was conducted on two different rangeland types in the Emerald region of Central
Queensland. The measurements taken related to: Landscape Function Analysis, bulk density,
microbial activity, total nitrogen, plant frequency and soil biological crusts. Much of the data
indicated that the parameters were generally similar or at a more favourable level for cell
grazing than conventional grazing. However, data for some of the parameters were at a

significantly lower level at the end of a graze period on the cell grazing sites, but these
became equal to or higher than for the conventional grazing by the end of the rest period.

It was concluded that, overall, cell grazing improved ecosystem processes and productivity on
the bloodwood woodlands- native pasture country and cleared ironbark- improved pasture
country.

INTRODUCTION
There has been an increasing focus on both the productivity and environmental sustainability
of grazing lands. One of the consequences of this concern has been the increasing interest in
"cell grazing" and its principles. There has been only limited research into cell grazing in
Australia.

This study investigated the differences between cell grazing compared to conventional
grazing and how these differences contributed to changes in ecosystem processes.

METHODS
The field work was conducted on `Avocet', 30 km south of Emerald in Central Queensland.
The sites for the study were:
(1)
Bloodwood (Corymbia spp) woodland - Vertosol soil:

VTG: conventional rotationally grazed for 3 months each year (annual stocking
(2)

rate: 1 AE per 12 ha. ) (native pasture).
VCG: cell grazing
Ironbark (Eucalyptis melanophloia) - Kandosol soil:

KTG: conventional rotationally grazed for 3 months each year (annual stocking
rate: 1 AE per 1.6 ha); (pasture: buffel grass (Cenchrus ciliaris) and seca stylo
(Stylosanthes scabra)).
KCG: cell grazing
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The cell grazing sites had been in operation for 5 years before the assessment. Paddocks
average 10 ha and average annual stocking is i AE to 12.8 ha; stock density averages 1 AE to
0.1 ha.
Measurements were taken on three different occasions in relation to cell grazing movements:
(1) during a rest period, (2) at the end of a rest period, and (3) at the end of a graze period.

RESULTS
Landscape Function Analysis (LFA)
Soil surface assessment indices for LFA are presented in Tables 1 and 2.

Table 1: Soil Surface Condition Indices for Cell (VCG) and Conventional Grazing
VTG on the Bloodwood - Vertosol count
Treatment

Stability

Time

T1

VCG
VTG

53
63

T2
53
58

Soil Surface Assessment indices ( %)
Infiltration
T3
53

T1

33
35

T2
33
33

T3
30

T1

26
26

Nutrients
T2
26
23

T3
22

Table 2: Soil Surface Condition Indices for Cell (KTG) and Conventional Grazing
CG on the Ironbark - Kandosol count
Treatment

Stability

Time

T1

T2

KCG
KTG

53
53

51
51

Soil Surface Assessment indices ( %)
Infiltration
T3
49

T1
31
31

T2
27
30

T3
29

Nutrients

T1

T2

26
26

21

T3
23

26

For each land type, there was little difference in soil surface assessment indices between the
conventional and cell grazing.
Soil Bulk Density

Figure 1 illustrates a significant differences (p <0.05) in bulk density between VCG and VTG.

Microbial Activity
The KCG treatment had significantly higher (p <0.05) microbial activity than the KTG
treatment (Figure 2).
Plant Frequency

In the bloodwood -vertosol soil site there was a significant difference (p <0.05) between the

frequency of a native legume (Rhynchosia minima) (53% for cell grazing; 5% for
conventional).

Total Nitrogen
Total nitrogen changed significantly over the graze /rest periods under cell grazing for both
sites - Figure 3.
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1.7

1.65
1.6

Bulk Density 1.55
(glcm3)

1.5

Figure 1: Soil bulk density for conventional and cell grazing for bloodwood -vertosol
and ironbark -kandasol country

Figure 2: Comparison of microbial activity ( "weight ") for conventional and cell
grazing for bloodwood -vertosol and ironbark -kandasol country

Cryptogams
The KCG treatment contained active cyanobacteria, bacteria and diatoms. The cyanobacteria
Microcoleus spp. were dominant. Other cyanobacteria included Chroococcales spp. and
Oscillatoria spp. The VTG, VCG and KTG treatments also contained Microcoleus spp. and
other unidentified species. However, due to the colour of the soil it was harder to isolate
cyanobacterial filaments, and to assess other species present. There was no indication of the
presence of any bryophytes (non vascular plants).

0.5
0.4
0.3
0.2
0.1

0

VCG1 VCG2 VCG3 KCG1 KCG2 KCG3

Figure 3: Comparison of total nitrogen for cell grazing on both sites at different times
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DISCUSSION
The overall lack of difference in LFA data for soil surface condition was unexpected.
On the bloodwood - vertosol country, the soil bulk density was significantly higher under the
conventionally grazed (VTG) compared to the cell grazing (VCG). This was attributed to an
improved root system, and rest periods under cell grazing.

There was significantly more microbial activity under cell grazing compared to conventional
grazing on the ironbark -kandosol soils was attributed to the higher pasture biomass and litter.
The presence of Rhynchosia minima in cell grazing on the vertosol site and its absence from
conventional grazing could be due to the long periods of rest in the cell grazing, providing
opportunity to regrow, whilst being suppressed by selective grazing in conventional grazing.

The total nitrogen % was significantly higher at the end of the graze period compared to the
recordings for the rest period on the cell grazing -vertosol site. This may have been the result
of nutrient distribution during the graze period. It is evident however that the total nitrogen %
returned to the previous level during the rest period. This additional nitrogen may have been
used by plants responding to defoliation. There is no clear explanation for the significant
differences between the nitrogen levels at different times on the cell grazed kandosol site.

The presence of Microcoleus spp. on all treatments is significant in that they are nitrogen
fixing. The Chroococcales spp. and Oscillatoria spp. cyanobacteria, which were only present
on the cell grazed vertosol site, often precede Microcoleus as early colonisers. Their presence
on only the cell grazed vertosol site indicated that it was "healthier" for these organisms than
the conventionally grazed site. Their absence from the vertosols may indicate they are not
supported by that soil type. Based on the fact that the samples were cultured for several
weeks it would indicate a healthy progression in biological activity. Nevertheless, it is
relevant that there are nitrogen fixing species of cyanobacteria present in all soil types and this
may contribute to overall soil health and landscape vitality.

CONCLUSIONS
The general conclusions from this study were that cell grazing was contributing positively to
landscape function in the bloodwood -vertosol and ironbark -kandasol rangelands of Central
Qld. This applies particularly to soil physical and chemical properties, plant frequency and
cryptogams. The findings in relation to the differences in nitrogen- fixing bacteria under
different grazing systems and rangeland types has opened up a new line of study on soil -plant
nutrition.
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GOOD NEWS FOR PASTORALISTS AND WILDLIFE:
THE SOUTH AUSTRALIAN RANGELANDS AND
ABORIGINAL LANDS WILDLIFE MANAGEMENT MANUAL
H. Ehmann

Wildworks Australia, P 0 Box 9 Blackwood SA 5051.
Phone 04 2825 75 85, 08 8270 3280
Email wildworks @bigpond.com

ABSTRACT
This full colour Manual:
1. Has 548 pages with 354 photographs, 229 graphics and 172 maps.
2.

Covers 700 species with 142 detailed accounts for threatened, interesting and pest
animals.

3. Has 23 chapters and 25 textboxes covering all practical aspects of wildlife (incl.
ecotourism).
Is a practical guide for Outback South Australia and areas of adjoining states.
Includes the CSIRO Biograze report as an Appendix.
6. Has a very user -friendly introduction, glossary and comprehensive index.
4.
5.

The good news includes:
1.

Pastoralists and Aboriginal Lands peoples are identified as the primary and foremost
partners in the management of Outback wildlife.

2. The conservation status of vertebrate animals is significantly better in the South
Australian Rangelands and Aboriginal Lands than in the State as a whole.
3.

The conservation status and unanticipated outlook for the fish and most other aquatic
animals and plants of Outback SA is precarious but the full realisation of this means that

effective recovery action can be instigated.
4. Stock watering point relocation can be carried out to benefit both stock management and
wildlife conservation.
5.

Wildlife ecotourism and management are potentially significant income generators for
pastoralists and Aboriginal Lands peoples.

THE FAUNA MANAGEMENT TOOLKIT PROJECT
The precursor to this manual was the Wildlife Management Manual: Gawler Ranges and
Kingoonya Soil Conservation Districts. A resource handbook (1997). This earlier low -cost
publication was well received and demonstrated the need for a high quality manual for the
whole of the South Australian Rangelands and Aboriginal Lands. This need resulted in the
granting of Natural Heritage Trust funding (Commonwealth) with State matched funding to
undertake a project called the Fauna Management Toolkit (NHT Project SA 983003).

The project was to be delivered over three to four years (full time equivalent) from its start
time in 1999. The manuscript and most illustrations were completed with a delay due to
staffmg issues in late 2003. The conversion of the manuscript and illustrations into a printable
form with updates, proofing and corrections as well as overcoming significant funding and

production issues took another two years. Printing was completed in early 2006 and
distribution of the manual to stakeholders is in progress. Most of the field workshops and
follow up support outlined in the Project application are still to be delivered.
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ALL ABOARD: THE GETTING OF CONSENSUS
The stakeholders and target audience for the project are pastoralists, traditional land owners,
land managers, outback residents, eco- tourists, Outback travellers, natural resource managers,
researchers and students.

To maximize the acceptance of the project by the stakeholders and target audience, a
strategically targeted consultation process was undertaken to determine their preferred outputs
and products, and their preferred information inputs. Ownership and acceptance issues and
requirements were discussed and determined and one of the most significant of these was that
the deliverables be as user -friendly as possible.
Pastoralists and Aboriginal Lands peoples are clearly identified as the foremost partners in the

management of wildlife. Their commitments to the land and remote -area lifestyles are
important factors to secure their involvement in sustainability and natural resource
management.

The definite deliverables were the manual and district -based Wildlife Management
Workshops, with subsequent on -going access to guiding information and on- ground wildlife
management support. The expected longer -term outcomes of the project include:
the thrival (= continued healthy survival) of biodiversity and threatened wildlife in the vast
parts of the State that are outside the reserve system;
the augmentation of the SA Natural Resource Management Act 2004;
the integration of stock, ferals and wildlife management;
the sustainable use of Outback natural resources and biodiversity; and
the empowerment of landholders.

WHAT IS IN THE MANUAL?
This full colour manual (published February 2006 by the South Australian Department of
Water, Land and Biodiversity Conservation) has 548 pages with 354 photographs, 229
graphics and 172 maps. The substantive part of the book is a practical guide to the 700 species
of vertebrates of Outback South Australia and adjoining areas of other states. There are
detailed species accounts (mostly the threatened species) of 26 native mammals, 22 native
birds and 13 native reptiles. All 23 native frogs and 52 native and introduced fishes have
detailed species accounts as do eight pest mammal species.
The manual brings together diffuse information about the area's threatened, interesting and
pest animals with clear photographs, maps, identifying information, important ecological
details, conservation status, management information and some economic considerations. The
complete species lists of Outback SA mammals, birds and reptiles are annotated with useful
information.
Many wildlife management issues (with substantial re- evaluations and syntheses) are covered

in 23 special chapters and the Biograze Appendix, including feral animal control, habitat
change, photopoints, grazing impact research, Total Grazing Pressure, fire, kangaroos,
wetlands, mound springs, fencing, wildlife rehabilitation, ecotourism, studying nature and
Outback travel. The book has 25 short features (textboxes) on wildlife including species
declines, animal plagues, wildlife dynamics, climate issues and abundant species. The
introduction, a detailed glossary (for primary students to adults) and a comprehensive two stage index make it easy to use. There is a complete references list and a comprehensive
listing of where to get further information.
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The manual contains a lot of new information as well as substantially re- evaluated
information on many of the species. A few examples include the burrowing behaviour of
Neobatrachus frogs, the natural history of two new species of Pseudophryne frogs and the
frog Crinia riparia (endemics to South Australia), the Marsupial Mole, the Night Parrot and
the Giant Desert Skink as well as all feral pest animals including feral fish.

KEY ELEMENTS OF THE MANUAL'S DESIGN AND CONTENT
The Manual has some particular and even novel design and content features to improve its
acceptability to the stakeholders and target audience. These include:
greenish (vs white) page colour to reduce "visual white -out" during day -time use in the
field;
language that is non -alarming and blame -free with the primary emphasis on improving the

lot of the animals rather than having any totally counter - productive and alienating "thou
shafting" and "shoulding ";

the extensive use of images and graphics to convey key ecological and management
concepts and information especially in the textboxes and supporting chapters;
the incorporation of the hotlinks device (from web searching) for cross referencing; and
a grab -read -drop format for time -strapped readers.

Significant and relatively new content and concepts intended to greatly improve user and
target audience awareness levels include:

a strong focus on the diverse, relatively rare and threatened Outback natural surface
waters (including the River Murray) and their unique biota and ecologies;
an up -to -date coverage of native and introduced fishes (incl. those in the River Murray);
overviews of the short and longer term dynamics of many aspects of Outback ecosystems;
other potential sustainable income -producing uses of the Outback and its animals;
remote area travel access requirements and guidelines for visitors to the Outback; and
the inclusion of suggestions for practical integrated natural resource management where
such information is available or transferable from other species.

WHERE TO FROM HERE?
Of the 1000 copies printed in February 2006 about 320 have been or are yet to be provided to
South Australian pastoralists and to Aboriginal communities without charge for the book (ie
free). Sales projections indicate that this printing will sell out by about December 2006.
Unfortunately funds were not available at the initial printing stage for more copies. The
recommended retail cost is $85 per copy (plus postage) but copies are available to bone fide
managers and landholders for $50 per copy (plus postage).

Due to a shortfall of funds, only one of the intended eight workshops has so far been
conducted. On -going access to guiding information and wildlife management support has
been agreed to in principle. The landholder support initiatives of the South Australian Arid
Lands Natural Resource Management Board and other support from the Department for
Water, Land and Biodiversity Conservation and from the Department for Environment and
Heritage already assist considerably.

As we are all in the same ark Earth together and as already -won information becomes
available to inform management decisions, the only rational thing to do is work together to
better maintain and foster our biodiversity and our environment in the light of improved
knowledge. The best management decisions that may impact on biodiversity and specifically
wildlife will be those that are well informed. Such best -practice decisions will greatly benefit
us, our own future generations, and our biodiversity on which we all depend.
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The companion paper and poster WE'RE ALL IN THIS ARK OUT OF THE SEMI -DARK
TOGETHER: KEY MANAGEMENT ISSUES FOR OUR WILDLIFE IN THE OUTBACK
RANGELANDS AND ABORIGINAL LANDS outlines eight key factors, guidelines and
directions to achieve best -practice wildlife management with current knowledge.

Some copies of the flyer produced to promote the sale of the book are available from the
poster display at this Rangelands Conference.
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WE'RE ALL IN THIS ARK OUT OF THE SEMI -DARK TOGETHER: KEY
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H. Ehmann
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ABSTRACT
1. The South Australian Rangelands and Aboriginal Lands Wildlife Management Manual is
a detailed interim synthesis of current knowledge. It allows enlightened holistic
management of Outback biodiversity enterprises by Pastoralists and Aboriginal Lands
peoples as the foremost partners in wildlife management.
2. Acceptance and ownership of recommendations by stakeholders at all stages of any
wildlife management initiative is essential for success.
3. The time scales of natural Outback wildlife cycles can be long (50+ years) and very
variable in time and outcomes. Drivers include the interplay of weather, floods, and
stochastic events.
4. The conservation status of Outback vertebrates is better than for the whole of the State.
5. Rabbits and Foxes have probably caused range collapses and demises of several Outback
animal species. Native animals that become un- naturally abundant can be a similar threat.
6. The conservation status and outlook for the fish of Outback SA is precarious. The same

applies to the other animals and plants dependent on natural wetlands, waterholes,
intermittent watercourses and mound springs. These are precious and rare ecosystems
needing our rapid response to reverse further declines.
7.

Stock watering points and fencing relocations (but not proliferation) can benefit both

stock management and wildlife conservation. The thrival (= continued healthy survival) of
some species may depend on relocating some watering points to lower impact sites.
8. Wildlife ecotourism and management are potentially significant income generators for
pastoralists and Aboriginal Lands peoples.

INTRODUCTION

The production of the South Australian Rangelands and Aboriginal Lands Wildlife
Management Manual brings together a wealth of information that is diffusely spread in many
diverse publications, various data bases and in corporate and private knowledge. This detailed
and comprehensive synthesis needs to be seen as an interim one that will be improved as
further knowledge is won. The manual allows enlightened re- evaluations of the issues and
directions for the management of Outback enterprises involving biodiversity and specifically
wildlife. It provides holistic overviews and syntheses of many important issues for wildlife
and its management and sustainability.

See the companion poster and display GOOD NEWS FOR PASTORALISTS AND
WILDLIFE: THE SOUTH AUSTRALIAN RANGELANDS AND ABORIGINAL LANDS
WILDLIFE MANAGEMENT MANUAL for an overview of the manual's production and
content.
The stakeholders and target audience for the manual are pastoralists, traditional land owners,
land managers, outback residents, eco- tourists, Outback travellers, natural resource managers,
researchers and students.
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SOME KEY MANAGEMENT FACTORS, GUIDELINES AND DIRECTIONS
1. Pastoralists and Aboriginal Lands peoples are clearly identified as the primary and
foremost partners in the management of Outback wildlife. Their commitments to the land
and remote -area lifestyles are important factors to secure their involvement in sustainable
practices and Natural Resource Management.
2. Acceptance and ownership of recommendations for the management of Outback wildlife
by Pastoralists and Aboriginal Lands peoples is essential for success. This imperative

needs to be facilitated throughout all stages of any wildlife management initiatives,
including from the earliest planning and design stages.
3. The time scales of natural Outback wildlife cycles are long and very variable in time and
outcomes, such that the same outcomes in any one area may not re -occur in over 50+
years. Outcomes are predominantly driven by the interplay of rainfall events, flooding,
and the inevitable dry conditions, with lesser but highly significant impacts from events

like fire, storm winds, severe food feasts and famines, disease pulses and predator
diversity and abundance variations.

4. The conservation status of vertebrate animals is significantly better in the South
Australian Rangelands and Aboriginal Lands than in the State as a whole.

5. The introduced Rabbit and Fox have in the past had many dramatic peaks in abundance
and their combined impacts probably resulted in range collapses and demises and of
several Outback animal species. Some native animals that have become un- naturally
abundant have and can threaten some other less adaptable species. Management and
control actions for feral animals, un- naturally abundant native animals as well as plants
(both introduced and possibly some natives) need to be both sustainable and effective in
the long term also from the perspective of wildlife thrival (= continued healthy survival).

6. The conservation status and outlook for the fish of Outback SA is as serious if not more
precarious than the mammals and this situation reflects the pressures on the scarce and
threatened natural surface waters (including wetlands, waterholes, intermittent

watercourses and mound springs). These precious, precarious and relatively rare
ecosystems are equally threatened and need our rapid engagement and response to reverse
their further declines.
7. Stock watering points and fencing relocations (but not proliferation) can be carried out to

benefit both stock management and wildlife conservation. To ensure the continued
survival of some species of animals at the regional level, some watering points may need
to be relocated to less -critical habitats and lower impact sites to foster vulnerable and rare
habitats and to increase the wildlife dispersal corridor characteristics in an integrated total
landscape.
Wildlife
ecotourism and management are potentially significant income generators for
8.
pastoralists and Aboriginal Lands peoples.

SOME KEY OUTCOMES THAT CAN FLOW FROM THIS PROJECT
1. Significantly more informed decision making and management for Outback enterprises
that involve biodiversity generally and wildlife in particular.
2. The thrival (= enhanced survival) of biodiversity and threatened wildlife in the vast parts
of the State that are outside the reserve system.
3. The further augmentation of the SA Natural Resource Management Act 2004.
4. The further integration of stock, ferais and wildlife management.
5. More sustainable use of Outback natural resources and biodiversity.
6. The greater empowerment of landholders.
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WHERE TO FROM HERE?
As we are all in the same ark Earth together and as already -won information becomes
available to inform management decisions, the only rational thing to do is work together to
better maintain and foster our biodiversity and our environment in the light of improved
knowledge. The best management decisions that may impact on biodiversity and specifically
wildlife will be those that are well informed. Such best -practice decisions will greatly benefit
us, future generations, and our biodiversity on which we are all dependent.

The eight points outlined above are key factors, guidelines and directions that are
recommended to you. The manual provides much additional information to achieve best practice wildlife management with current available knowledge.
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ABSTRACT
Many animals create soil surface disturbances (biopedturbation) while constructing habitat,
foraging for food or excavating resting sites. We studied the effects of foraging pits of the
Short- Beaked Echidna (Tachyglossus aculeatus) on soil biota and biogeochemistry. Echidna
foraging pits trapped more litter, were moister and cooler. Pit soils were more porous, and had
greater levels of sorptivity and steady -state infiltration. Pit soils had greater levels of electrical
conductivity but lower concentrations of C, N and S. Soil micro -arthropods were more
abundant in the pits, and had a different composition to those on the surface. Pits had greater
rates of microbial respiration. Our results indicate that echidnas are important ecosystem

engineers, and contribute to the maintenance of small -scale patchiness in semi -arid
woodlands.

INTRODUCTION
Arid and semi -arid landscapes function most efficiently when essential resources (e.g. water,
nutrients, organic matter, seed) are concentrated into discrete patches. This patchiness exists
at a range of spatial scales, and the functionality of the landscape is highly dependent on the
maintenance of this patchiness. A major contributor to this spatial heterogeneity is soil
disturbance by animals (biopedturbation; Whitford and Kay 1999). Soil biota `engineer' the
environment, maintaining, creating or modifying habitat by controlling the availability of
resources to themselves and/or other organisms without actually consuming these resources
(`ecosystem engineers' Jones et al. 1994).
A widespread form of animal- moderated soil engineering in eastern Australia is the mosaic of
pits and scrapings created by the Short- Beaked Echidna (Tachyglossus aculeatus), which it

creates while foraging for epigeal invertebrates. During foraging, echidnas rake over the
ground and excavate shallow digs, aerating the soil, and displacing a large volume of
sediment. A recent study in eastern Australia demonstrated that echidnas excavate in excess
of 7 t/ha of soil while foraging (Kwok 2005).

Given the extensive continental distribution of echidnas and their soil turnover (Rismiller
1999), we predicted that their diggings would have a substantial effect on the creation of
small -scale patchiness by altering the chemistry and biology of surface soils. Specifically, we
predicted that echidna pits would trap and store more litter, be moister and cooler, accumulate
soil with greater concentrations of carbon (C) nitrogen (N), phosphorus (P) and sulphur (S),

have greater infiltration rates, higher soil respiration rates, and therefore support a more
diverse and abundant micro -arthropod community, compared with non -pit soils.
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METHODS
The study was conducted within a Eucalyptus intertexta- Eucalyptus populnea open woodland
at Yathong Nature Reserve, near Cobar in western NSW. We selected seven sites separated
by about 500 m. At each site we examined pits and adjacent non -pits under the canopies of
two tree species (Eucalyptus sp., Alectryon sp.), and pits and non -pits out in the open. Thus,
for each of the seven sites, there were two tree types by two canopy treatments by two pit
treatments, resulting in 56 sample locations. All pits were of a similar age and morphology.

Surface soil was collected from each sample location and analysed for soil moisture, bulk
density, total N, S and C, extractable P, pH, electrical conductivity (EC) and active C. Soil
respiration was measured on soils in the laboratory (Anderson 1982). Water flow through the
soil (sorptivity and steady -state infiltration) was measured using disc permeameters at a

supply potential of +10 mm (ponded). We measured ambient temperature, and the
temperature above and below the litter at all sites with a laser thermometer, and the mass of
total litter and its components (leaves, bark etc). Intact cores of soil and litter samples were
collected to extract micro -arthropods using tulgren funnel over a 7 day period. Micro arthropods were classified according to Order, and enumerated.
Soil physical and chemical data, litter mass, infiltration and temperature were analysed using

a nested design ANOVA with multiple error terms. Multi -variate analyses were used to
examine patterns in diversity and abundance of soil micro -arthropods.

RESULTS
Pits trapped more than twice the mass of litter (37.2 g - pit, 18.0 g - surface), comprising
more bark and leaves, compared with non -pits. The increase in litter mass in pits was greater
in the open compared with under the canopy. Larger pits tended to trap more litter. Electrical

conductivity was greater in the pits (0.07 dS /m compared with 0.06 dS /m), and the
concentrations of total C, N and S were significantly lower in the pits. In general, the decline
in nutrients from surface to pit was greater under the canopy compared with out in the open.
Interestingly, changes in litter mass in the pits did not account for differences total C, N, or S,
active C or P.

Pit soils were less dense (1.22 Mg/m3 compared with 1.36 Mg /m3), pits were significantly

moister (1.7 % compared with 1.1%) and temperatures below litter in the pits was
significantly cooler (by 2.2 °C) than in the non -pits. Microbial respiration was about 30%
greater in the pits compared with the surface. Sorptivity and steady -state infiltration were
about twice that in the pits (353 mm/h0'5, 76 mm/h) compared with the surface (192 mm /h° 5,
38 mm/h, for sorptivity and infiltration respectively).
Less than 20 individual micro -arthropods were extracted from litter. However, for micro arthropods extracted from soil, there were clear differences in the composition between pit
and surface microsites. Mites (Acari) were the most abundant group, and accounted for 74%
of the dissimilarity between pit and surface microsites. Micro - arthropods were more abundant
in the pits (107 compared with 30), and more Orders were detected in pits (4.4 compared
with 3.3).

DISCUSSION
In this semi -arid woodland, echidna foraging pits captured substantial amounts of organic
matter, altering soil biogeochemistry and providing habitat for soil micro -arthropods. Pits
trapped twice the mass of litter compared with non -pit surfaces. Litter is known to moderate
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fluctuations in soil temperature and reduces losses in soil moisture (Zaady et al. 1996) and
lower temperatures would increase the period over which litter- active micro -arthropods
remain above - ground before retreating into the soil as temperature increases (Cepeda -Pizarro
and Whitford 1989). Reduced evaporation resulting from lower temperatures would increase
the period over which soil moisture is optimum for microbial decomposition of organic matter
(Whitford 2002). Further, the observed higher rates of respiration in the pits suggests to us
greater microbial and micro -arthropod abundance in the pits (e.g. Ayarbe and Kieft 2000).
Pits, irrespective of shape and size, will hold litter in situ more effectively than if it remains

on the soil surface (Whitford 2002). If this litter is covered by soil, as occurs through
subsequent animal disturbance, wind or water erosion, decomposition is likely to be greater,
resulting in enhanced mineralisation.

We attribute greater infiltration in the pits to the greater number of macropores; biopores >
0.84 mm in diameter, that are created by invertebrates and plant roots and predominate close

to the canopies of large trees. Echidna digging would also have destroyed the largely
hydrophobic biological soil crust, reducing runoff from the crust, exposing surface
macropores, and resulting in greater levels of infiltration. Pit soils were also more porous,
most likely due to the direct effects of digging, greater litter incorporation and greater
abundance of soil organisms (Lee and Foster 1991).
Lower concentrations of N were detected in the pits, contrary to studies that report increased
nitrogen in animal- created pits (Whitford and Kay 1999, Eldridge and Rath 2002). Litter is a
sink for mineralised nitrogen, and while nitrogen accumulates in litter during the early phase
of decomposition, it is not released until the latter stages. Coarse litter in the pits probably
resulted in N immobilisation during decomposition, a consequence of high C to N ratio. This
likely explains the lower levels of nitrogen in the pits.
Most micro -arthropods in our study were extracted from soil. While micro -arthropod richness

varied little between pits and surface soils, it was greater under the tree canopies, and
increased with increasing litter mass. This suggests to us that the pits in our study, which were
all of a similar age and size, may not be providing the necessary range of habitats required for
a diverse community of litter -dwelling micro -arthropods. Older or larger pits, or pits further
from the canopy in areas of greater solar radiation, would provide a greater arrangement and

distribution of litter of varying size and in varying stages of decomposition, resulting in a
more variable distribution of soil biota in semi -arid systems.

At the landscape scale, echidna foraging created a mosaic of pits in different stages of
development and recovery, similar to that observed for other soil foraging animals (e.g.
bettongs; Garkaklis et al. 2003). Parallel studies indicate a greater density of echidna pits
close to the canopies of large Eucalypts (Kwok 2005). We anticipate that pits found in the
open would trap more groundstorey plant litter rather than coarse woody material from the
trees, resulting in lower C to N ratios in the soil and therefore greater levels of available
nitrogen. We predict therefore that strong positive feedback processes will operate under tree
canopies as pits increase soil nutrients, in turn increasing plant growth and water
accumulation and therefore habitat for soil organisms. Ultimately these processes result in
greater food resources for echidnas, stimulating further foraging. Increased litter capture
influences populations of soil fungi and affects patch -level processes such as recruitment and
survival of seedlings (Whitford and Kay, 1999), and landscape -level processes such as the
distribution and availability of essential resources.
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ABSTRACT
Small mammal, reptile, ant and plant diversity, soil health and landscape condition were
compared at sites that were either 1) reserved for conservation, 2) currently stocked or 3)

long -ungrazed National Parks. Park and reserve soils were more stable and had higher
nutrient levels compared with grazed sites. Park sites had significantly greater patchiness, and,

along with reserves, three times greater levels of plant cover and landscape organization,
greater cryptogam cover, and less bare ground. Reserve sites supported 18% more plant
species. We found few difference in ant, mammal or reptile fauna between treatments, and
although skinks were more abundant on park and reserve sites. Overall our results indicate
substantial better ecological health in the reserves compared with the grazed sites, which we
attribute to the better health of reserves prior to fencing, and the declining condition of grazed
sites due to drought.

INTRODUCTION
Grazing -induced disturbance is a major degrading process in Australia's woodlands reducing
plant diversity and tree and shrub recruitment (Tiver and Andrew 1997). Trampling disturbs
soil surfaces, reducing niches for the capture and storage of water, seed and sediment, alters
soil surface temperature and nutrient levels, and reduces the number, arrangement and quality
of fertile patches. Continual grazing leads to a loss of ecosystem function in terms of the

ability of the site to cycle nutrients, conduct water and maintain stability, severely
compromising the capacity of the landscape to sustain organisms and to recover from
disturbance when conditions are favourable. Grazing is also implicated in the destruction or
alteration of animal habitat (Dickman et al. 1993), reducing populations of small mammals,
birds, reptiles and invertebrates.

In the Lower Murray -Darling in south -western NSW, Southern Mallee Agreements
incorporate the concept of "trading off' or setting aside land for conservation in exchange for
the approval to develop other land for farming. Up to 58,056 ha of belah (Casuarina cristata)rosewood (Alectryon oleifolius) woodland has been reserved for conservation and added to
the National Reserve Scheme (IUCN Category IV - Habitat Species Management Area). The
reserves are fenced, domestic livestock removed, watering points closed, and pest species
controlled.

The aim of the study reported here was to examine changes in soils and vegetation, and
populations of small mammals, reptiles and ants in a subset of reserves after an initial period
of 3 -5 years. We used a chronosequence approach to compared attributes of the reserves with
areas in the same vegetation community that are (1) currently grazed (`Grazed'), and (2) sites
in Malice Cliffs National Park that have not been grazed by domestic animals since 1977
(`Park').
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METHODS

Twenty one sites were established on loamy calcareous plains in the belah- rosewood
vegetation community near Buronga NSW. Seven sites were established each within Mallee
Cliffs National Park (Park), conservation reserves gazetted about 5 years previously
(Reserves), and pastoral properties that had been grazed continuously for the past 150 years
(Grazed).

We established two 50 m by 20 m plots at each site within which we placed a smaller 20 m by

20 m plot to measure the cover of vascular plants (including trees and shrubs), litter,
cryptogamic crusts and bare soil. We also enumerated the number of tree hollows and the
total length of all surface logs >100 mm wide and 1 m long. A 50 m transect placed through
the centre of the smaller plot was used to measure the diversity, number and width of patch
types, and the distance between them. We assessed soil surface condition within the patches,
and derived measures of soil stability, nutrients and infiltration using the method of Tongway
and Hindley (1995). A 30 m pitfall line (5x 20L buckets) was established in each plot to
sample reptiles and small mammals, and ants were assessed using five 0.1 L ethanol -filled
vials.

We used one -way ANOVA or non -parametric Kruskal- Wallis tests to examine differences in
the cover of soil, plants and patch types, and diversity of plants and animals between the three

treatments. Indicator- Species Analysis was used to examine the degree of association of
individual species, and Canonical Analysis of Principle Coordinates analysis used to examine

relative differences in groundstorey plant composition between Grazed, Park and Reserve
sites.

RESULTS
Patch types and landscape function
Eight patch types were identified, three of which (plains with cryptogams, plains with bare

soil, tree hummocks) accounted for 80% of the soil surface. The cover of plains with
cryptogams was significantly greater in Reserve and Park sites compared with Grazed sites.

Conversely, cover of plains with bare soil was significantly greater in the Grazed sites
compared with Reserve or Park sites. Shrub hummocks were recorded only in the Park and
Reserve sites. The average derived stability index for Park and Reserve sites was about 12%
higher than that on the Grazed sites. Nutrient index levels were marginally (but significantly)
greater in Park and Reserve sites than Grazed sites. Tree hummocks, litter mounds and litter
trains generally had the highest nutrient and infiltration values, while the most stable units
were tree hummocks, litter mounds, litter trains and plains with cryptogams.
There were significantly more patches per 10 m length of transect at the Park sites compared
with either the Grazed or Reserve sites. The increasing number of patches reflected a decline
in the average fetch length from the Park, through Reserve to Grazed sites. Stable sites tended
to have greater plant and cryptogam cover, and more patches. Sites with more patches had
greater plant cover, and increasing fetch length was associated with increasing plant species
richness and declining richness of ant functional.

Plant cover and composition
Plant cover was 2 1/2 times greater on Park and Reserve sites compared with Grazed sites and
there was more bare ground and less cryptogam cover at Grazed compared with other sites.

The cover of five plant species (Atriplex stipitata, Dodonaea viscosa subsp. angustissima,
Chenopodium curvispicatum, Maireana appressa, Senna artemisioides subsp. filifolia) was
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significantly greater in Reserve and /or Park sites compared with Grazed sites. We recorded
18% more plant species in the Reserve sites compared with the Park or Grazed sites. There
were no differences in the surface cover of logs or the number of tree hollows between the
treatments (P>0.61).

The three treatments differed significantly in their complement of plant species (P= 0.037).
Olearia muelleri (Indicator Value = 53.2 %, P= 0.004) was a good indicator of Park sites, and
Atriplex stipitata (IV =56.9 %, P= 0.033) and Chenopodium curvispicatum (IV= 55.8 %,
P=0.014) good indicators of Reserve sites. Salsola kali var. kali was a marginally (though
significant) indicative of Grazed sites (IV =28.6 %, P=0.033).

Ants, reptiles and mammals
Grazed sites supported fewer families compared with Park or Reserve sites, but there were no
other treatment effects, irrespective of whether we classified to functional group, sub -family,
genus or species level. We trapped a total of 327 (25 species) reptiles and 11 (three species)
mammals. The reptile fauna was dominated by the Geckonidae (56% of captures) and the
Scincidae (36 %). Some species were only found within the Park (e.g. Ctenotus brachyonyx)
or only within Grazed sites (e.g. Diplodactylus damaeus), but low capture rates at many sites
precluded us from making defmitive statements about their distribution in relation to grazing
exclusion. Skink abundance was slightly greater in the Park and Reserve sites compared with
the Grazed sites.

DISCUSSION
Park sites were substantially healthier in terms of soils, vegetation and landscape organisation
compared with Grazed sites. However, we also recorded considerable improvement in
Reserve sites despite the fact that grazing ceased less than a five years earlier. Indices of
surface stability and nutrients, and cover of plants and cryptogamic crusts were all greater in
Park and Reserve sites compared with Grazed sites, where the grazing management has been
set stocking for the past 150 years. The fact that there were marked differences between the
Park and Grazed sites despite the large numbers of kangaroos in the Park suggests that
changes in kangaroo densities are not responsible for our observed results. Furthermore,
Reserve sites supported a greater number of native plants than either the Park or Grazed sites.
Grazing leads to a decline in soil surface quality, particularly a reduction in cryptogam cover

which is a critical component of surface stability, and likely influences germination and
survival of vascular plants, and potentially, invertebrate communities. Unrestricted livestock
grazing leads to a decline in landscape patchiness i.e. fewer permanent obstructions on the

soil surface available to capture and retain essential resources such as water, seed and
sediment. Grazing appears to have reduced the number and size of patches; hence more
patches at Park sites compared with the other treatments, and a four -fold greater level of
landscape organization on Park and Reserve sites compared with Grazed sites. Alteration to
runoff- infiltration relationships likely results in greater infiltration in the shrub interspaces,
less water reaching the shrubs, a breakdown in spatial organisation of patchiness, and thus a
change in vascular plant floristics from perennial- to ephemeral- dominant. Thus grazing
reduces not only the number and size of patches, but also their quality, configuration and
function.

Despite plant and soil recovery, we found few difference in diversity or composition of the
ant fauna, and few effects on mammal and reptiles. However, both arboreal and ground dwelling skinks were well represented, similar to studies in other arid areas (Read 1992).
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Increasing abundance of skinks at the Reserve and Park sites probably reflects increasing
landscape structure, altering surface temperatures and providing protection from predators.
The weak ant effect is consistent with data elsewhere suggesting that ant richness is largely
independent of grazing (Bestelmeyer and Weins 2001). We conclude therefore that ant
richness may not be a good indicator of landscape health in these woodlands.
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ABS 'I RACT

Various methods of pastoral intensification are being explored by producers in the northern
Australian rangelands in order to increase production and improve economic performance.
However, increased evenness of use and homogenisation of the landscape may have negative
impacts on biodiversity. One component of a commercial -scale grazing trial in north- western
Australia - the Pigeon Hole Project - is exploring the impacts on biodiversity of various
grazing management strategies, and will develop recommendations for protecting biodiversity
values under more intensive pastoral use. Sampling of plants, ants and vertebrates at 100
biodiversity monitoring sites commenced in 2003 and has provided a comprehensive baseline
against which treatment effects can be assessed. No effects of the grazing treatments on the
sampled biota have emerged after 2 years.

INTRODUCTION
The vast pastoral estate in Australian tropical savannas is very important for conservation of
our rangeland biodiversity. Ecologically sustainable grazing systems, based on retaining
native pasture in good condition, can help ensure the preservation of most native species and
ecosystems, many of which are not, or only poorly, represented in the conservation reserve
system (Woinarski & Fisher 2003).

Pastoral producers in the northern Australian rangelands are increasingly exploring methods
to increase production and improve economic performance (Ash et al., this volume), which
typically involve infrastructure development aimed at better management of grazing and
increased evenness of use. However, spatial and temporal heterogeneity in landscapes is
likely to be important in maximising native species diversity. Additionally, areas that are
water -remote or lightly grazed may be important habitat for components of the flora and

fauna that are most grazing -sensitive (eg. Landsberg et al. 1997, Biograze 2000).
Intensification, therefore, may have negative impacts on biodiversity at a property and,
ultimately, regional scale, even if it is sustainable from the perspective of land and pasture
condition.

The development of the Pigeon Hole Project, a commercial -scale grazing trial in the Victoria

River District of the Northern Territory, provides an opportunity to test the ecological
sustainability of pastoral intensification. One component of this project aims to explore the
impacts on biodiversity of various grazing management systems, and consequently develop
recommendations for maintaining biodiversity values under more intensive pastoral use. In
this paper we present some preliminary results from the first two years of the project.
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METHODS
Pigeon Hole Station is located in the Victoria River District (17 °S 131°E), one of the most
productive rangeland areas in north- western Australia. The Pigeon Hole Project, which
commenced in mid 2003, is a major grazing study that occupies c. 400km2 of the property,
with a number of experimental grazing systems (see other papers in this session). The trial
area is on the Wave Hill landsystem, with black cracking clay soils supporting a very sparse

tree layer and a ground layer of mixed perennial grasses (eg. Chrvsopogon, Aristida,
Dicanthium and Astrebla spp.), annual grasses (eg. Sarga timorense, Iseilema spp.) and forbs.

100 permanent biodiversity monitoring sites have been established within the trial area,
sampling most of the grazing treatments. This includes paddocks of c. 20 km2 with five levels
of pasture utilisation (15 %, 20 %, 25 %, 30 %, 40 %); paddocks of three grazing radii (11cm,
2km, 3km); a wet -season spelling system with 3 sub -paddocks, and a cell -grazing system.

Additionally, 16 ungrazed exclosures of 4 sizes (0.4, 4, 40, 400ha) have been established
within the utilisation paddocks to test the potential value for maintaining biodiversity of onproperty "conservation areas ". Multiple sites within each paddock were located both close to,
and distant from, newly established waterpoints, and a small number of sites were located in

narrow riparian zones. Sites were also established in similar vegetation on the adjacent
Gregory National Park, where cattle grazing has been excluded for 15 years (although there
are still significant numbers of feral herbivores).
A range of biota including vascular plants, birds, reptiles, small mammals and ants, as well as
vegetation structure, ground layer cover and grazing pressure, are assessed annually at each
site. Sampling commenced at 62 sites in 2003 and all sites have been sampled from early
2004. Only a snapshot of selected results to date can be presented here; we concentrate on the
utilisation treatment and "conservation areas ", and mostly use plants as an example group.

RESULTS

A total of 215 plant, 75 bird, 20 reptile, 4 small mammal and 54 ant species have been
recorded from the biodiversity sampling sites (Table 1). For all taxa there is substantial
variation between sites in local richness; the highest richness values for plants and birds are
associated with riparian sites. The vertebrate and ant fauna are relatively species -poor at site
and study -area scale (compared to eucalypt woodlands on other soil types). Within each major
taxonomic group there is a substantial component of species restricted to, or with a strong
preference for, black -soil grassland habitats. A number of rare or poorly recorded species of
plants, ants and reptiles have been found.
Two factors complicate the elucidation of trends attributable to the grazing treatments. There
is substantial inter -annual variation in both the vegetation and fauna (Table 1, Fig. 1). While
this presumably relates to seasonal conditions, particularly the amount and timing of rainfall
and subsequent response of vegetation, patterns are not necessarily consistent between taxa.
There are also some pre- treatment differences between the new paddocks. Ordination and
ANOSIM analysis demonstrated a significant compositional difference between paddocks for
all taxa, with these differences smallest for birds and largest for ants (which mesh with the
expected relative levels of species turnover across geographic space).
Preliminary analyses show no evidence of effects on biodiversity of any grazing treatment to
date. For the utilisation treatment, ANOSIM analysis showed that differences between the 5
paddocks in plant and bird composition actually decreased from 2003 to 2005. Although site

richness varied across years (eg. Fig. 1), there was no significant difference between
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utilisation levels in the direction or size of the trend, for either plants or birds. Examination of
Fig. 1 suggests that a decline in plant species richness may be emerging in the 25% and 30%
utilisation treatments. This is not evident at the highest utilisation level, although a fire that
burnt some of these sites in late 2004 has complicated the vegetation response.

Species composition (of plants or birds) in the exclosures has not diverged from that in the
surrounding grazed paddocks (Fig. 2). Interestingly, composition in the (longer -ungrazed)
Gregory National Park is generally similar to that of sites within Pigeon Hole station. Trends
over years in species richness are also not significantly different between exclosures and
grazed sites. To date, there has also been no differential response in composition or richness
between exclosures of differing size.

Table 1: Total richness and mean site richness of flora and fauna at biodiversity
monitoring sites
Note that 100 sites were sampled in 2004 -05, but only 62 in 2003. Ants are sampled
biannually; data from 2005 is not yet available.
2003

2004

2005

171

197

178

54
62

63
3
17

71
2
18

41.8 (19 -85)

35.9 (17 -69)

8.4 (2 -18)
0.6 (0 -1)
2.4 (0 -8)

12.7 (2 -24)
0.3 (0 -1)
2.2 (0 -6)

Total species (within sites)
Plants
Ants
Birds
Small mammals
Reptiles

3

19

Mean species per site (range)
41.6 (21 -74)
12.9 (5 -21)
7.2 (1 -18)
0.6 (0 -2)
2.4 (0 -6)

Plants
Ants
Birds
Small mammals
Reptiles

50

40

m

30

73
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Excl.

15%

20%
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40%

Figure 1: Mean species richness of plants in exclosures and five utilisation paddocks, for
three years since the trial started (2003 -2005)
Riparian sites are excluded; whiskers are one SE.
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Figure 2: Ordination of sites by plant species composition in 2005
Grazed sites in the utilisation paddocks, open squares; ungrazed "conservation areas ", closed
triangles; Gregory National Park, closed circles.

DISCUSSION
Biodiversity sampling in the early stages of the Pigeon Hole Project has established a good
baseline against which potential grazing treatment effects can be assessed. Although this
system is relatively species -poor, the diversity of native plants and animals has been both
surprising and of great interest to local pastoralists.
There is no evidence of substantial impact on the biota two years after the grazing treatments
were imposed. This is unsurprising in this short period, particularly given that these black -soil
systems are considered to be relatively resilient, and that grazing effects must emerge from a
background of previous grazing patterns and substantial inter -annual variation. It is therefore

important that the ecological sustainability of the new grazing systems are tested over
meaningful timeframes (5 -10 years). Simple measures such as species richness may also not
reflect significant changes in composition, and it will also be important to track the response
of individual species.
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ABSTRACT
The Central Australian Grazing Strategies Partnership is a collaboration between the CLMA,
NT DPIFM, Desert Knowledge CRC, CSIRO and the pastoral industry, to promote research
into rangeland spell grazing strategies. The Partnership has initiated a three year research
program encompassing three commercial, on- ground spell grazing trials and a series of case
studies in central Australia. Mt Riddock Station is trialling an eight paddock rotation aiming
to maximise feed potential and productivity of a mixed buffel and native grass pasture.
Idracowra Station is trialling an alternative approach to rotation by moving a mobile water
trough along 30km of pipeline. The aim is to use pasture more evenly, reducing the impact
and extent of the grazing gradient, and consequently come out of dry periods with heavier
cattle and better land condition. The third trial is being undertaken on the NT Government
Old Man Plains Research Station. This involves a four paddock rotation that spells pastures
during the summer growing season. The Partnership will seek additional funding in 2007 to
secure the long term focus of this project as we are well aware that it takes a long time to
realise change resulting from new grazing strategies! Early results and observations from the
spell grazing trials will be discussed.

INTRODUCTION
Over the past decade the ongoing cost -price squeeze has forced pastoralists to look at using
their land more efficiently. There has been widespread interest by the industry in spelling
practices, which hold out the potential for increased or sustained production without damage
to natural resources. However, this potential, and subsequent challenges, has been little
documented, particularly at a practical whole -of- property /business scale. Trials being
conducted elsewhere in Australia encompass summer and winter -dominant rainfall regions of
the rangelands but leave a hole in the aseasonal and more variable sector of the rangelands.
Studying grazing strategies in central Australia requires a long -term commitment. For this
reason, the Central Australian Grazing Strategies Partnership (CAGSP) was formed to coordinate projects that will contribute to our long -term knowledge of grazing strategies.

Members of the partnership include the Desert Knowledge CRC, the Centralian Land
Management Association, the Department of Primary Industry, Fisheries and Mines, the
CSIRO and pastoralists. The primary role of the Partnership is to support and develop studies
on grazing strategies beyond the ephemeral nature of funding cycles. In 2005, the Partnership
secured funding from the Department of Agriculture, Fisheries and Forestry to conduct a three

year project to develop best practice guidelines for spell grazing in central Australia and
construct a national synthesis of rangeland grazing strategies. This paper primarily discusses
the best practice guidelines component.

In order to develop best practice guidelines for spell grazing the Partnership is trialling three
grazing strategies with a series of case studies designed to broaden the scope of the project.
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Two of the trials are on commercial properties, Mt Riddock Station and Idracowra Station and
the third is on Old Man Plains Research Station. These trials will be assessed for practicality,
productivity, economic viability and resource sustainability. Best practice guidelines will be
developed for spelling strategies as opposed to strict recipes for spelling or rotational grazing
systems.

Mt Riddock Station is trialling an eight paddock rotation aiming to maximise feed potential
and productivity of a mixed buffel /native grass pasture. Idracowra Station is trialling an
alternative approach to rotation by moving a mobile water trough along 30km of pipeline.
The third trial is being undertaken on the NT Government Old Man Plains Research Station.
This involves a four paddock rotation that spells pastures during the summer growing season.

METHODOLOGY
Eight Paddock Rotation
Mt Riddock Station is trialling an eight paddock rotation on a predominantly buffel grass
pasture to fatten Poll Hereford steers prior to sale. It is anticipated that cattle will move into a
new paddock every 3 -4 weeks depending on feed availability. The aim of the trial is to
maximise the feed potential and productivity of buffel grass pastures and ensure that animal
nutritional requirements are met. The control paddocks are continuously grazed and are
dominated by buffel grass pastures, although a mixture of land types does exist.

Within both the treatment and control paddocks there are two transects per watering point,
with sites located at 500m, lkm and 3km from water. The monitoring sites are assessed prior
to grazing and immediately after grazing. Assessments describe yield, cover, perennial grass
basal area, pasture composition and species frequency and percentage of rank buffel grass.

This data will enable us to analyse the effect on pasture composition and productivity
considering distance from water and how the pasture changes over time. Data is also
collected to describe the extent of cattle activity, the presence of other grazers (kangaroos,
rabbits), defoliation and soil erosion. The cattle activity index is of particular interest as it is
hoped that this will give us some indication of cattle spatial distribution. Herd performance
data for weight and condition score will be collected at regular intervals and this will enable
analysis of herd weight gain over time and through various seasons.

Mobile Trough
At Idracowra Station, the pastoralist is trialling a mobile trough along a 30km pipeline. The
pipeline is located through more robust land systems and also through terrain that allows
easier movement of water. Time on each watering point is gauged according to land type
(more fragile = less time), time since rain (longer period = longer grazing at that point) and
human resources. This will enable greater access to the 500sq. km. paddock and will allow
for pasture spelling as the trough is moved. Mixed Santa Gertrudis cross breeder cows are
used in the trial and also in the control area. It is anticipated that cattle will require some
training to adjust to the new system. The aims of this strategy are to come out of dry periods
with heavier cattle in better condition, to use pastures more evenly and reduce impact and
extent of the grazing gradient and to minimise labour and capital requirements in comparison
with more intensive controlled grazing and spelling strategies.
There are four pseudo transects within the treatment paddock, with each transect representing
a different land type; mulga over perennial grasses, clayey stony slopes, Eragrostis drainage
lines and calcareous oatgrass plains. There are four control transects located in comparable
land types at continuously grazed water points. Monitoring sites are located at 500m, lkm
and 3km from water along each transect.
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Pasture monitoring will be undertaken prior to grazing and as soon as possible after grazing.
The pasture status is described in terms of cover, total yield, the contribution of the four most
abundant species to yield and the presence of any other species. Data is also collected to
describe the extent of cattle activity, the presence of other grazers (kangaroos, rabbits) and
defoliation. It is also anticipated that additional transects will be monitored using a simple
palatable species count and cattle activity index. This will enable more of the paddock to be
assessed. Cattle activity is of particular interest in this trial as we are keen to find out how
cattle cope with a moving watering point. Data for pregnancy, weight and condition score
will be collected annually and this will enable analysis of herd performance over time and
through various seasons.

Four paddock rotation
The trial at Old Man Plains Research Station is designed to move Droughtmaster breeders
through a four paddock rotation that uses three paddocks in a twelve month period, and thus
provides summer spelling to each paddock. Stock numbers are based on forage budgets. The

aims of this strategy are to decrease overheads through intensification, optimise cow
condition, and maintain land condition. A more sophisticated version of this system will
allow herd management activities to be incorporated into the rotation. A control paddock of
mixed land types will be grazed continuously, however stock numbers will be adjusted
according to feed on offer.

As for the other trials, the paddocks in this rotation will be assessed immediately prior to
grazing and immediately after grazing. Data will be collected to allow analysis of pasture
composition and productivity considering distance from water and changes over time. We
will analyse herd performance data over time and through various seasons in comparison with
the trial cattle.

KEY LEARNINGS
It will take many seasons before change in pasture composition and productivity become
apparent. However it is possible to make some observations on management systems and
cattle behaviour even at this early stage. The most significant area of interest is that of cattle
behaviour. When the Hereford steers first populated the Mt Riddock trial they were
congregating in small groups of up to ten individuals, comparable with cattle in the control
areas. However, after three weeks it was noted that cattle were starting to move in groups of

20 -30 animals and within six weeks were seen in mobs of up to 100 individuals.
Observations made after three months identified that the majority of the 400 animals within
the treatment paddock were grazing in one large herd. This has interesting ramifications on
how cattle are grazing the pasture. Preliminary post -grazing observations also suggest that
cattle are using the treatment paddocks evenly, without forming pads, although the grazing
pressure is still higher closer to water.

At Idracowra, the cattle have only just gone into the paddock. Seasonal conditions have
resulted in good growth of parakeelya, a succulent plant that cattle favour and enables them to
go for longer periods of time without water. As such the pastoralist is finding that cattle are
not totally reliant on the trough at this stage and has not been able to begin moving the trough
as predicted. Logistically, the mobile trough has been challenging with the third generation
already being planned. Perhaps surprisingly, it has also taken the cattle some time to become
accustomed to this newfangled device!
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ABSTRACT
The South Australian Government is currently contributing to the Australian Collaborative
Rangeland Information System (ACRIS) through information collected at pastoral monitoring
sites, biological monitoring surveys and other data sources as available. There are numerous
challenges involved in distilling a cohesive report on the state of Australia's rangelands from
available, but often disparate, data sets. South Australia has approached these challenges by
adopting components of other jurisdictions' reporting procedures to facilitate standardisation
and is testing methods aimed at extracting more information from existing data sources. The
range of data types used for reporting has also been expanded with the inclusion of land cover
change information derived from satellite data using the grazing gradient method. In this
poster presentation we will highlight recent changes in the Gawler Ranges bioregion revealed
during pilot ACRIS reporting activity. We will also demonstrate how the South Australian
Government is contributing to current work by ACRIS to build a more comprehensive picture
of change in the rangelands.

INTRODUCTION
The first stage for ACRIS has been testing the quality of available information and our
capacity to combine it into a national picture. This has been done across five pilot regions,
one in each of the rangeland jurisdictions (QLD, NSW, NT, WA and SA). The reporting
period covers approximately 1992 to 2002.
The Gawler Bioregion was chosen as the pilot region for South Australia as it was there that
the earliest comprehensive pastoral land assessment occurred. Land assessment as part of a
statutory monitoring program began in 1990. A variety of methods were used to establish
baseline data on pastoral land condition. These included the establishment of permanent
vegetation monitoring sites and the use of a rapid condition survey method known as the Land
Condition Index (LCI, Lange et al. 1994). The ACRIS pilot program provided an opportunity
to test the suitability of South Australia's rangeland monitoring infrastructure for reporting at
a regional scale.

THE GAWLER BIOREGION
At 123,070 sq km, the Gawler Bioregion comprises 14% South Australia's rangelands. It lies
in the central southern part of the rangelands, immediately north of the Eyre Peninsula (Figure
1). The Gawler Bioregion has a semi -arid to arid climate with long, hot, dry summers and

cool mild winters (Laut et al. 1977). Average annual rainfall varies across the region. The
southern parts are characterised by a higher and distinctly winter -dominant pattern of up to
300 mm per annum. By contrast, in the north and east of the bioregion, rainfall is much more
seasonally erratic and annual recordings of less than 150 mm are the norm. (Kingoonya SCB,
1996; Gawler Ranges SCB, 1996). There is a wide diversity of sub -regional landscapes within

this bioregion. Granitic rocky hills forming the Gawler Ranges contrast strongly with the
surrounding salt lakes. Mulga- dominated sand plains and dunes of the Great Victoria Desert
extend to the northwest, while the open, undulating and stone -covered Arcoona tablelands
extend to the east along the western edge of Lake Torrens.
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Gawler Bioregion

Rangelands

Figure 1: Location of the Gawler Bioregion.

Monitoring History
The introduction in 1990 of the Pastoral Land Management and Conservation Act 1989 (SA)
saw the initiation of a program to scientifically assess grazing effects on pastoral leases. This
first round of assessments was completed in December 2000. Although there was already a
network of permanent photo -points established by 1990, the bulk of the South Australian
pastoral sites were established during that initial assessment phase between 1990 and 2000.

Given that the purpose and historical context of monitoring is concerned with appropriate
pastoral management, it is not surprising that these sites are strongly focussed on perennial
vegetation within grazing range of water. Most sites in the Gawler Bioregion are located at
approximately 1.5 km from water. Sites were selected to be uniform and representative of a
major pasture type in the paddock.

Photo -point sites in the Gawler Bioregion consist of a permanently pegged location with
records of vegetation composition and density, assessment of rangeland condition and the
extent of soil erosion. Quantitative measurement methods include a fixed belt transect to
measure shrub density and a step -point technique to estimate projected foliar cover.

ACRIS Questions
Biophysical change data were available from 179 pastoral monitoring sites assessed twice
during the 1992 -2002 period. The ACRIS Management Committee framed five questions
against which to report change in the pilot regions. These are as follows:
1. Change in stock forage productivity
2. Change in native plant species
3. Change in landscape function
4. Capacity for change
5. Change in cover

Change in Stock Forage Productivity
The change in density of perennial species that decrease with grazing was used as a measure
of stock forage productivity. Bladder saltbush (Atriplex vesicaria) generally increased in
density across the region. The density of the relatively longer -lived pearl bluebush (Maireana
sedifolia) and low bluebush (M astrotricha) remained stable through the monitoring period.
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Change in Native Plant Species
The density of all chenopod and other perennial species increased at the majority of sites in
the Gawler Bioregion. This would seem to benefit landscape function and improve habitat for
various fauna through protection of the soil surface against erosion. There was a reduction in
the density of perennial grasses in the northern area, but this followed below -average seasonal
conditions.

Change in Landscape Function
Formal methods for assessing landscape function are not part of the pastoral monitoring
program in SA. Instead, a method known as the Richards -Green Functionality Index was
used. A judgement of landscape function is made at each site on a scale of 1 -3. Based on
index data averaged across 179 monitoring sites, landscape function improved in the period
1990 to 2002 (index improved from 2.11 to 1.97 - where 1 = `highly functional' and 3 =
`poorly functioning'). At the site level, the results provide an encouraging indication of
improving trend in landscape function. Three- quarters of sites assessed in the below- average
season of 2002 maintained or improved their index value. Similarly, 92% of sites assessed the
year before (following average seasons) had either stable or improved function compared to
when first assessed in the early 1990s.

Capacity for Change
This question was designed to extend ACRIS reporting capacity into the area of socioeconomics. Based on ABARE survey data and ABS national census data collected in 1991,
1996 and 2001, the population of Gawler Bioregion is slowly increasing. However the median

age of pastoralists is increasing as fewer younger people take on management of pastoral
leases. Young people are also leaving the region. This is probably partly due to their need to
access further education outside of the region but many then appear not to return to live in the

region. These factors combine to produce an increasing age dependency ratio, i.e. a lower
proportion of working -age people to support the younger and older components of the
population.

Total stock numbers for the Gawler Bioregion have fluctuated between

250,000 and
750,000 sheep equivalents between 1992 and 2002. Stock numbers responded to seasonal
conditions and commodity prices with the lowest number present in the very dry year of 2002.
Unimproved value of leases increased on average by 58% - but this does not mean that
improved value has increased by the same amount.
Change in Cover

Information on cover change in the Gawler Bioregion was compiled from step -point
measurements at pastoral monitoring sites and Landsat- derived change in forest cover. At
92% of sites reassessed in 2001 and 96% of sites reassessed in 2002, cover remained the same
or improved over that first recorded in the period 1990 To 1993. This was an encouraging
trend as below average seasonal conditions preceded the 2001 -02 reassessments.

Based on the Australian Greenhouse Office's (AGO) definition of "forest" as vegetation
greater than 20% canopy cover and greater than 2m in height and using remote sensing,
forests covered 11.3% of the Gawler Bioregion in 1972 decreasing to 11% in 2000. This is a
decline in forest area of 364 sq km.
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FUTURE REPORTING
ACRIS is currently assembling a national report of change across the rangelands. This report
is due in mid 2007 and will comprise a number of products grouped under several themes. In
addition to site -based pastoral monitoring data, South Australia has expanded capacity to
report biophysical change through its involvement in the Desert Knowledge CRC
Biodiversity Rewards project. Grazing gradient analysis conducted for this project spans an
area of 210,000 sq km and covers the period 1988 to 2002. These results will be included in
SA's reporting to ACRIS. A recently completed comprehensive analysis of the distribution of
water points and watered area will also contribute to reporting.
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ABSTRACT

The Western Catchment Management Authority is the regional body responsible for
implementing positive natural resource management change over a large geographic area of
Western New South Wales (approx. 230 000 sq km). Currently, this authority (and the other
12 CMA's in NSW) has an emphasis on distributing financial incentives to encourage its
stakeholders to participate in this change. To date, this emphasis has been extremely positive

and led to significant levels of on- ground activity (especially the provision of new
infrastructure such as fencing, pipelines, water points, goat traps etc). However, there has
been little research to determine whether these funded activities have in fact produced the
desired positive outcomes outside their initial action.

OBSTACLES TO EVALUATING SUSTAINED CHANGE
The obstacles facing the Western CMA in determining the success of its incentives programs
in initiating and sustaining positive on- ground change are by no means unique to the agency.

Organisational change and restructures, changes to foci, loss of corporate rangeland
knowledge and experienced staff, gaps in ecological knowledge and baseline data hinder a

large majority of NRM agencies. The shift from employing or retaining permanent
"recurrent" staff to project -based temporary positions also reduces spatial and temporal
continuity. In addition, the current structure of government and non -government funding
programs that prefer to support activities with short time frames (1 -3 years), also does not
allow for on -going monitoring and evaluation, especially when such short time frames cannot

possibly capture a representative snapshot. Despite there being obligatory monitoring
requirements for those landholders receiving incentives funding, there is currently no one
rigorously measuring whether the various rehabilitation, revegetation and infrastructure
improvements are in fact effective (beyond their initial action) in improving the natural
resource base across the broader landscape.

WHAT IS CMA DOING?
The Western CMA has recognised in its risk assessment that not achieving sustained change
is high risk (Western Catchment Plan 2006 -2016). Although, the Western CMA is not the
only state government agency responsible for the management of our natural resources, they
are indeed a key player, especially when they are the main vehicle for distributing investment
funds. To address some of the obstacles mentioned above, the Western CMA has included
mandatory pasture assessment sites in their contractual obligations, employed a full -time
Monitoring and Evaluation Officer, is conducting a Research and Coordination and Support
Project and proposes to build a knowledge platform to allow for a web query and answer
function. They also need to produce a substantial number of reports to various committees,
boards, governments and the community. So is this enough to determine that the CMA'S
investment in projects and activities do improve or maintain natural resources? Maybe
quantitatively, in terms of reporting `outputs' such as areas and numbers, but not qualitatively
to describe `outcomes' or the type or degree of on- ground change.
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ROOM FOR FURTHER IMPROVEMENT?
In addition to the measures the Western CMA have already taken, further partnerships with
universities, cooperative research centres and other science -based agencies would be
extremely valuable, not only in providing independent peer reviews but would enable science
and ecological principles to be even further integrated into the CMA's activities. Whilst there
is an excellent literature and research base that has formed the basis of NRM activities, there
is a continual need to re- invest in research (especially in response to current infrastructure

investment), to evaluate the activities that are being funded across the catchment. The
Western CMA does not have the capacity or resources to conduct this research itself, but by
forming cooperative partnerships with research bodies, it will enable a broader -scaled
assessment of whether the Western CMA's funded activities and programs are achieving their
original objectives. In addition to not having the capacity or resources, the Western CMA are
currently prohibited from supporting research projects itself, due to funding guidelines that
consider research not to be an on- ground activity. This must be changed as more involvement
in research will not only improve the capacity of its stakeholders and CMA staff, but research
is one very important part of the basis to which we can evaluate past, present and future on
ground works.
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ABSTRACT
Rangeland pastures are characterised by considerable variability in forage quality and supply.
Grasses have poor nutritive value in summer and autumn, with insufficient energy and protein
to maintain animals, while the high fibre content lowers feed intake. Shrubs such as saltbush
and bluebush generally contain insufficient energy for maintenance, and the high mineral
content of the leaf material carries a risk of toxicity. Annual broadleaf plants are nutritious
when growing, but any stubble is deficient in both energy and protein. Sub -optimal nutrition
leads to poor lambing success, retarding the infusion of improved genetics.

INTRODUCTION
The pastoral industry accounts for 20 -25% of the nation's sheep population. Because of the

seasonal and geographic variability in the pastoral zone, it is difficult to determine the
quantities of different plants being consumed, as grazing animals are selective in their
consumption of plants. Lynch et al. (1992) report that the most preferred species often are
those with highest nutritive value (energy, protein, mineral and vitamins). However, animals
may avoid species with nutrients in much greater supply than needed; for example, pastoral
sheep avoid eating growing medics, which have a very high protein content. Overexploitation
of a few species leads to an overall decline in overall pasture quality as the less preferred
species will be at a competitive advantage. No plant species alone provides an adequate diet

for grazing animals, so the balance of the whole diet is the key to ensuring nutrient
requirements are satisfied.

In many cases, animal productivity (especially of breeding animals) does not correspond to
assumed nutritive value of the species grazed, possibly because current data sets are limited,
unreliable and/or incorrect. This project analysed the nutritive value of the main pasture

species on a bi- monthly basis, allowing comparisons between seasons and locations.
Ultimately, this project aimed to provide pastoralists with improved information on what their
sheep graze, how nutritious these plants are, and how too optimise animal performance.

METHODOLOGY

This project involved sampling commonly grazed plant species on the four stations;
"Woolgangi ", "Weekeroo ", "Middleback" and "Glenroy" in the central north -east pastoral
zone of South Australia. Conventional plant sampling guidelines were followed, except for
shrubs where only the stems finer than 1 5mm and the leaves were sampled (Atiq- ur- Rehman
et al. 1999). Plant samples were sent to FeedTest, Victoria, for nutritive analysis. Nutritive
data were compared to published animal requirements (Underwood & Suttle 1999; McDonald
et al. 2002) to determine whether levels were within recommended guidelines.
Blood samples were collected from sheep on each property in Oct 2003 and February 2004 to
determine the status of Ca, P, K, Mg, Zn, Cu, glutathione peroxidase (indicator of Se) and

vitamin B12 (indicator of Co). Data obtained were compared to recommended blood
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concentrations supplied by the laboratories (IDEXX and Gribbles Pathology). Productive
Nutrition P/L collated plant and animal data, and, where possible, statistical analyses were
undertaken using GenStat 5.1.

RESULTS
115 plant samples were collected, and a summary of selected species' relative nutritional
strengths and weaknesses appear as Table 1.

Table 1: The relative nutritional strengths and weaknesses of the main plant species in
this study
"n" refers to the number of samples collected for each species. "xs" refers to nutrient levels
that are far in excess of requirements, risking toxicity. CP = crude protein; ME _
metabolisable energy; NDF = neutral detergent fibre
n

4
7
12
10
3
8

12
9
3

7

4*
3

4
6
6

Species

Common name

Strengths

Weaknesses

xs Cl, K, Mg, Na.
Old man saltbush
High CP, ME
Low NDF
Atriplex sp.
Annual saltbush
High CP
xs Cl, K, Mg, Na
xs Cl, Fe, K, Mg, Na.
Atriplex vesicaria
Bladder saltbush
High ME
Low P, Zn
Carrichtera annua
Ward's weed
High CP, Ca
xs Fe
Maireana georgii
High CP
Sanity bluebush
xs Cl, Na. Low P, Zn
xs Cl, Fe, Mg, Na.
Maireana pyramidata
Black bluebush
High CP, Ca
Low P, Zn
Maireana sedifolia
Pearl bluebush
High CP
xs Cl, Na. Low P, Zn
Medicago sp.
Medic
High CP, Ca
xs Al, Cu, Fe
xs Cu. Low NDF, P,
Myoporum platyoarpum Sugar wood
High ME
Zn
xs Cl, K, Mg, Na.
Rhagodia sp.
Rhagodia
High CP, Ca
Low P, Zn
Sclerolaena ch., dia.,
xs Cl, Fe, Na. Low P,
Copperburr
High CP, ME, Ca
eria. *
Zn
Sclerolaena
xs Na, Fe, NDF. Low
Limestone copperburr High Ca
obliquicuspis
P, Zn
xs Fe, K, Na. Low
Sisymbrium erysimoides Mustard weed
High CP, ME,
CaNDF, P
xs NDF, Al, Cu, Fe,
Bindii
Soliva pterosperma
Na. Low ME, P
xs NDF. Low ME, P,
Stipa sp.
Speargrass
S, Zn
xs Al, Cu,, e, K, Na.
Tetragonia tetragonoides Spinach
High CP, ME, Ca
Low NDF

Atriplex nummularia

[* Three Sclerolaena species were sampled over the course of the study; S. chilicticapes, S.
diachantha, S. eriacantha. All had similar NV values so have been analysed together, but
differ greatly to S. obliquicuspis]
Statistical analysis of the data found that most annuals had significantly higher CP and ME
levels around September - October. In Medicago sp., NDF was around 35% during spring,
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rising to 60% as stubble (January). Similarly, CP levels were significantly higher during
spring (27 %) than as stubble (15 %). The concentrations of Al, K, Mo, Na and Se varied
between properties in various species.

Blood analysis determined that sheep on all four properties were hypocalcaemic (Table 2),
with Ca levels ranging from 2.4 -2.8 mmol /L, compared to the recommended minimum of 2.9
mmol/L. Blood K levels exceeded maximum recommended concentrations (5.4mmol/L) on

almost all occasions. Glutathione peroxidase (GSH PX) was above the recommended
maximum of 550U /gHb on all occasions, averaging 767U /gHb, and reaching 1045U /gHb at
Weekeroo in November 2004. Cu and Mg were generally above the recommended minimum,
while P and Vit B12 status was satisfactory on all occasions.

Table 2: Mean blood mineral content of sheep on the four properties
Ideal upper and lower limits provided by IDEXX Laboratories, Adelaide.
Mg
K
P
Zn GSH PX Vit B12
Ca
Cu
Date
Oct -03
Oct -03
Oct -03
Feb -04

Mar -04

Sep -04

Nov -04

Nov -04
Nov-04

Property
WOOLGANGI

mmol /L µmol /: mmol/L mmol /L mmol /L µmol /:
2.0
1.6
2.8
13.7
6.5
1.7
0.9
2.6
14.5
5.2
11.2
5.5
2.4
0.9
2.7
1.1
2.8
15.8
6.8
2.3

MIDDLEBACK
GLENROY
WEEKEROO
MIDDLEBACK
2.6
young
MIDDLEBACK
2.4
old
GLENROY
good condition
GLENROY
poor condition
WEEKEROO
good cond.
WEEKEROO
poor cond.
WOOLGANGI
poor cond.
WOOLGANGI
good cond.
Recommended range 2.9 -3.2

U /gHb

pmoUL

640
596
609
624

2555
2728
3475
2924

18.1

5.7

2.1

0.9

972

1178

14.3

5.6

2.1

1.1

883

805

6.5

18.9

615

>1500

10.2

18.9

664

>1500

7.2

19.4

1017

>1500

6.3

17.6

1045

>1500

11.5

6.6

774

>1500

9.4

6.9

605

>1500

9 -25 3.9 -5.4 1.6 -2.4 0.9 -1.3

7 -25

50 -550 400 -5000

DISCUSSION
The main seasonal trend observed in annuals and grasses was ME and CP to be highest in
spring, and NDF to be highest in stubbles. Perennials, especially shrubs, maintain their NV
most consistently throughout the year, highlighting the value of these plants as a reliable
source of consistent quality fodder.
Nearly all rangelands are characterised by the presence of poisonous or toxic plants, varying
from lethality to subclinical depressions in animal performance (O'Reagain & McMeniman
2002). While there do not appear to be any "toxic" plants in this study per se, the extremely
high sodium (up to 6.6 %DM), chloride (up to 6 %DM) and potassium (up to 4.5 %) levels in
plants such as Atriplex, Maireana and Rhagodia present the grazing animal with a serious

mineral challenge. Sheep can tolerate dietary salts by virtue of renal adjustment, but it
increases basal energy requirements (Potter 1961). Feed intake is also restricted if the diet is
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high in salt (above 2 %). The apparently high ME content of the Atriplex species in this project
(e.g. 11.1MJ ME/kgDM in A. nummularia) may not be entirely accurate, as their high mineral
content affects the current laboratory analytical process. Few published studies recognise this,
and therefore many assessments of the energy content of halophytes may be overestimated.

The low blood calcium levels in these sheep are cause for concern, especially considering
most of the plant species contain reasonable calcium concentrations, and the sheep were all
dry when sampled. No plants were actually deficient in Ca, but there are two possible reasons
for low blood calcium in these sheep; (1) high dietary Na and K leading to excessive renal
filtration of minerals, or (2) high oxalate levels in Atriplex and Maireana - oxalate complexes
with calcium in the blood, making it unavailable and leading to kidney damage.
The high plasma GSH PX, while much higher than recommended levels, are not indicative of

toxic selenium intake as no pasture species contained toxic levels of selenium. Overall,
plasma Zn levels were good, but many plant species were Zn deficient, including the common
plants such as Maireana, Sclerolaena, Stipa and Rhagodia. Zn deficiency is associated with
sub -optimal growth and poor fertility. The slightly high copper levels in some plants carry the
risk of chronic copper toxicity (Howell 1996). Plasma copper levels were generally within
normal ranges. Cobalt levels in the plants (up to 2.72mg/kgDM) were within the acceptable
range, given the wide tolerance of ruminants to Co. Co is an integral component of Vitamin
B12, and plasma Vitamin B12 levels were ideal. Despite more than half the plant species in
this study being P deficient, plasma P levels were actually quite high. The plants highest in P

were Medicago and other forbs, highlighting the value of these plants. The high plant
aluminium levels may be affecting feed intake. Underwood & Suttle (1999) report that a
dietary concentration above 2g Al/kgDM depresses appetite in lambs, but at this level is not
associated with clinical abnormalities during two months of exposure. Given that Al levels in
some species in this study are up to three times greater than this, it is probable that high
dietary Al is having some affect on feed intake and possibly animal performance.
Sheep fertility rates in pastoral areas are compromised when the ability to forage is reduced.
In addition, pregnant and lactating ewes, and therefore the foetus and the lamb, suffer from
heat stress, lack of shade and inadequate nutrition around the time of lambing (Cobon et al.
1994). It is evident that supplementary feeding of sheep in pastoral South Australia is likely to
increase lambing percentages and reduce ewe losses. The key nutrients to provide pregnant
and lactating ewes, and their lambs, are energy and calcium. Supplementary feeding with
phosphorus and zinc may also be useful, since so many of the pasture plants are deficient in
these minerals, although plasma levels generally satisfactory.

CONCLUSIONS
It is apparent that no single pasture species provides a satisfactory diet, but most species
contribute positively to animal performance. Low blood calcium is certainly a cause for
concern, especially in breeding ewes, and so are the high levels of salts, especially sodium
and potassium, in the plant material. The low energy content of many species certainly limits
animal growth and production, and prevents the full expression of steadily improving sheep
genetics; it is a matter of feeding the genetics. Optimising management of the livestock
component of these systems is imperative because the animals are the major economic part of
the system, highlight the importance of better understanding pastoral animal nutrition.
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ABSTRACT
Buffel grass is an introduced perennial tussock grass, which has improved rangeland pastoral
production and helped land rehabilitation. More recently, its invasive capacity has been of
concern and modelling suggests that it has the capacity to expand across a large area of
northern Australia. Our scoping study showed that:
aerial survey was a valuable tool for mapping presence of buffel on conservation areas;
hybridisation amongst cultivars is likely to be occurring, leading to local adaptation; and

buffel grass on rocky hillslopes did not have much effect on species composition of
vegetation, birds or ants, under poor seasonal conditions.

INTRODUCTION
Buffel grass (Cenchrus ciliaris) first arrived in Australia with the cameleers in the 1870s and
gradually naturalised in several northern Australian locations. Pastoralists spread the seed
when the opportunity arose but establishment was localised. Starting in the 1940s and 50s,
new varieties were imported from countries such as North Africa and India with varying
establishment success, depending on locality and climate. Major episodes of expansion
followed extended periods of above average rainfall, as well as continuing land clearing and
sowing. New varieties continue to be introduced and buffel grass now covers extensive areas
of rangelands in Western Australia, Northern Territory, South Australia, Queensland and New
South Wales. Estimates of the areas of planted and naturalised buffel grass vary considerably,
depending amongst other things on the resolution of the data and how one defines areas of
natural spread. A recent modelling study estimated over 60% at a coarse continental scale of
mainland Australia as being potentially suitable for buffel grass establishment based on
edaphic and climatic requirements (Lawson et al. 2004). Most of the available literature does
not distinguish between cultivars and so it should be remembered that `buffel grass' generally
refers to a complex which may have a diversity of attributes.

This central Australian scoping study provides some preliminary information and tools to help
meet the challenge of managing buffel grass sustainably for production and conservation in
desert Australia. Specifically, the aims of the project were:
To evaluate the use of aerial survey for mapping buffel grass on conservation areas;
To identify dispersal patterns and mechanisms in different cultivars; and
To identify impacts of buffel grass on biodiversity.

OUTCOME 1:
Improved efficiency in detecting and mapping buffel grass incursions into conservation areas.
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The effectiveness of aerial survey by helicopter for mapping buffel grass distribution was
trialled at Watarrka National Park in central Australia (Puckey et al. submitted). Prior to this
study, known buffel grass locations had been recorded in a database from ground observations

over a period of approximately 8 -10 years and stored within the park's geographic
information system (GIS). Records in these databases were limited to presence data only
(rather than any record of areas free from buffel grass) and were restricted to areas of the park
accessible to ranger staff. Aerial survey provided a means of collecting data rapidly over a
much larger geographic area, enabling a strategic approach to prioritising resource allocation.
The study greatly increased the known distribution of buffel grass on the park, especially for
the more remote or rugged areas. A further benefit of the aerial survey was its repeatability,
which permits monitoring change over time.

OUTCOME 2:
Improved understanding of buffel grass dispersal.

The data gained from aerial survey of Watarrka National Park were subsequently used to
build a probability surface model for the entire park based on environmental variables using
Generalised Linear Modelling and then applied using the park's GIS. Distance to drainage
and tracks, followed by ruggedness, hummock grass cover and soil texture were the most
important variables in determining the occurrence of buffel grass.

Distance to drainage and tracks tells us something about dispersal mechanisms as well as
favourable conditions for persistence, while ruggedness, hummock grass cover and soil
texture reflect favourable (or not) conditions. The high probability of occurrence close to
drainage and roads presumably reflects not only dispersal pathways for seed, but also habitats
with high levels of disturbance, which allow establishment.

In the case of Watarrka, and very likely other protected areas, resources for management of
invasive species are limited, and so absolute control is not possible. Instead a hierarchy of

decisions will need to be made, based on biodiversity values, park resources, logistics,
reservation status of species and communities and information about habitats potentially at
risk. Priority areas for control might be, for instance, those with high biodiversity values,
near to established seed sources and a high probability of buffel occurrence.

We had anticipated at the outset that it might be possible to identify cultivars with varying
abilities to colonise different habitats. Puckey et al. (submitted) observed what appeared to be
at least three varieties on Watarrka and thought that they might be behaving in ecologically
different ways within the environment. Genetic analysis revealed that there were more than
three varieties present in the region and that in fact they included evidence of apparent
hybridisation among varieties. Thus morphological differences appear to be an expression of
environmental differences rather than varietal type.
We speculate that new `varieties' better adapted to local conditions are forming through the
observed interbreeding between varieties. The strong selection pressure that desert
landscapes place on plants also may assist in the formation of new forms of buffel grass better
adapted to local conditions. This may explain, at least in part, the apparent variation in the
success of varieties when planted in different locations at different times. New forms may be
better adapted but may also have poorer characteristics as fodder. On pastoral lands, selective
grazing might lead to increasing dominance of unpalatable forms.
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OUTCOME 3:
Improved understanding of biodiversity impacts.

The impact of buffel grass cover on vegetation, bird and ant (morpho)species composition
was investigated on central Australian rocky hills supporting witchetty -mulga shrublands.
While floodplains might have been targeted for study due to their susceptibility to invasion,
sites representing zero or low buffel grass cover could not be found. We chose to work
instead on the rocky hillslopes because they are currently being colonised. At the time of site
selection, seasonal conditions were poor, so that likely cover of buffel grass on rocky hill
habitats following rainfall was assessed from moribund tussocks. The first effective rainfall
occurred late in the project and was in late winter. Vegetation response was only modest and
the maximum assessed cover of buffel grass did not exceed 20 %.
A total of 106 ground plant taxa (including ferns, forbs, grasses, sedges, sub -shrubs, vines and

seedlings of woody species) were identified from the flora surveys. The mean floristic
diversity within a site was high (mean = 32.3, standard error = 1.4), ranging between 24 and
44 taxa, which is consistent for the central Australian ranges based on previous studies.
Buffel grass cover by itself did not consistently explain the composition of native ground
vegetation but in combination with the extent of bare soil, the cover of litter fall and to a
lesser extent low shrubs, tall shrubs and trees, aspect and fire history, there was a significant
effect on composition.
A total of 45 morphospecies of ants were captured, of which 20 were seed harvesters, 11 were
predators and the remainder unknown. The mean ant diversity was 7.4 overall. Ordinations
(not shown) on those taxa which occurred in more than 10% of the sites revealed that neither
buffel grass cover by itself nor any of the habitat variables (ground vegetation, low shrubs, tall
shrubs and tree cover, fire history, aspect, or bare soil) significantly influenced ant diversity.

A total of 31 diurnal and one nocturnal bird species were observed in the study sites of which
seven were known to be breeding. Ordinations of the 20 species which occurred at two or

more of the 18 sites showed that buffel grass cover contributed only 5% to the overall
variation in composition; neither it nor the other habitat variables consistently influenced bird
species composition. Grouping the species into habitat guilds based on food groups and the

foraging and nesting substrates, we found a significant relationship between the guild
composition of ground -dwelling species and fire history, low shrubs, trees, bare soil and
buffel grass cover to a lesser extent although only 54% of the variation was captured by the
ordination.
We were unable to demonstrate that buffel grass had a significant effect on biodiversity under
the study conditions. Only minor effects, in combination with other habitat factors, were
detected in plants and birds. This is not conclusive evidence for no impact, because the study
was constrained by an extended period of very little rain, followed by winter rainfall, when
forbs rather than grasses are generally favoured. The levels of buffel grass cover encountered
may never have reached the thresholds necessary to have an impact, since cover did not
exceed 20% and was patchily distributed.

Other central Australian studies under different conditions show that buffel grass does indeed
have an impact. Buffel grass caused the decline of all native plant growth forms (nine classes

of ground layer species) and species richness at Simpsons Gap National Park in central
Australia, over a 27 year study (Clarke et al. 2005). Best (1998) found that the total number
of invertebrate species were significantly reduced by buffel grass invasion in two central
Australian land types.
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Fhe Watarrka aerial survey also provided insights into biodiversity impacts of buffel grass.
Fhe Watarrka probability surface model was overlaid with the available vegetation mapping

for the park, divided into 2 x 2 km cells, to quantify the level of threat to native plant
Diversity, in particular rare plant species diversity. The proportion of rare species with part of
their range currently invaded by buffel grass was predicted to be 28 %, while 30 native species
had >20% of their park distribution affected by buffel grass. Indeed, some of the habitats
within Watarrka with the highest plant species richness are under threat from the current and
predicted occurrence of buffel grass distribution. Sixty -three percent of cells with the highest
species richness scores for native plants were currently affected by buffel grass and 96% of
these cells were predicted to be suitable for future buffel grass invasion.

Those species affected by the current distribution of buffel grass are mostly associated with
water -courses, alluvial plains and/or soils with greater clay content. This information is
important for developing a strategy for managing buffel grass at a landscape scale that is
based on invasive potential and known biodiversity values, where previous management had
focused on small scale site specific control actions.

CONCLUSIONS
While this study did not detect biodiversity impacts in constrained field conditions, the risk to
conservation values is still demonstrable. Aerial survey is a useful tool for mapping buffel
grass in conservation parks and, when combined with modelling, can help prioritise control
activity. Evidence of hybridisation amongst varieties suggests that the use of less aggressive
varieties won't limit invasive potential in the longer term. Moreover unpalatable forms may
arise which become dominant due to selective avoidance by livestock.
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ABSTRACT
Great Artesian Basin Champions are landholders who have experienced firsthand the benefits
of converting open bore drains on their properties to closed stock -water delivery systems,
through the Great Artesian Basin Sustainability Initiative. They have become advocates for
the judicious use of the Great Artesian Basin.
The Great Artesian Basin (GAB) is one of the world's largest fresh water artesian basins, and
one of Australia's most important water resources. Following the discovery of the GAB more

than one -hundred years ago, thousands of artesian bores were drilled and left to flow
uncontrolled into open bore drains to supply water for stock. These bore drains waste
millions of litres of water a day through seepage and evaporation and caused an unacceptable
reduction in the artesian pressure that drives the Basin.

In recent years landholders and governments have worked cooperatively to control bores and
rehabilitate water delivery infrastructure.
Many landholders have capitalised on the
opportunities offered by closed water delivery systems and are realising the benefits of using
water efficiently to support their pastoral business. These posters tell the story of just a few of
these GAB Champions.

THE GREAT ARTESIAN BASIN -A VALUABLE ASSET
Australia's Great Artesian Basin (GAB) is an iconic aquifer system of both national and
international significance. The GAB is one of the largest fresh water artesian systems in the
world, and underlies about one fifth of the Australian continent. It contains approximately 64,
000 million ML of mostly potable groundwater, or about 2000 times the total surface water
storage of the combined Murray -Darling Basin. In many arid areas GAB bores provide the
only reliable source of fresh water for all human activity. Water from the basin supports the

pastoral, mining and tourism industries as well as outback towns and their associated
businesses. Natural discharge from the Basin through springs support water dependent
natural communities containing a wide variety of endemic species surrounded an otherwise
largely waterless landscape. As well as their ecological significance, these natural springs are
culturally very important to Aboriginal and non -indigenous Australians. GAB springs were
the only reliable water source for Aboriginal people in central Australia for thousands of years
and set the boundaries for early European exploration development through the central inland
during the 19th and early 20th centuries.

THE GREAT ARTESIAN BASIN SUSTAINABILITY INITIATIVE
Since discovery of the GAB in 1878, thousands of bores have been drilled into the complex
aquifers. Currently there are about 3400 artesian bores and over 10 000 sub -artesian bores

which access the aquifers of the GAB. For the first half -century artesian bores were
uncontrolled and flowed freely into open bore drains to supply water for stock. More than
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95% of the 550,000ML /day of water that flowed into these open bore drains was wasted
through seepage and evaporation. These free -flowing bores also cause substantial pressure
reductions over much of the Basin. The need for intervention to control the extraction of
water from the GAB was recognised by governments and landholders as early as 1913. Since
that time governments and landholders have continued in their efforts to control the waste of
GAB water and reverse the reduction in artesian pressure.
Until recently, attempts at intervention to control bores and eliminate bore drains have only
been selectively successful, due to limited technology to deal with hot pressurised water and a
lack of political will. Within the last several decades a considerable investment has gone into
understanding and modelling the Basin and understanding the natural ecosystems that depend
on GAB springs. At the same time technologies have been developed to control hot
pressurised bores and governments have cooperated with landholders to eliminate the waste
of GAB water and restore pressure.

Following the completion of the GAB Strategic Management Plan in 2000 the State and
Australian governments, in cooperation with landholders, agreed to a five -year $100 million
Basin -wide infrastructure rehabilitation plan called the Great Artesian Basin Sustainability
Initiative ( GABSI). Investment during the first five years of GABSI resulted in the
rehabilitation of many high pressure bores and the conversion of about one -third of the bore
drains. This investment has resulted in a substantial pressure recovery in the Basin, but there

is still a long way to go. A second round of GABSI is currently will invest an additional
$100million over the next five years. The GAB Strategic Management Plan proposed that it
would take in excess of $350million over fifteen years to achieve acceptable water savings
and pressure recovery across the Basin.

The water savings and artesian pressure recovery that have resulted from bore rehabilitation
and bore drain conversion have helped to restore the health of the Basin and ensure natural
flows from springs. Utilising water and pressure judiciously will allow managers and
decision makers to develop a more sustainable approach for allocating the Basin's resources

that can bring much greater benefits to the community. The water heat and pressure
contained in Great Artesian Basin need to be utilised much more effectively to support the
production of valuable products over a large area of Australia. The restoration of artesian
pressure and the judicious use of GAB resources is an essential precursor to economic
development across the Basin.

GAB CHAMPIONS: ADVOCATING THE BENEFITS OF CAPPING AND PIPING
A report prepared by the Centre for International Economics (CIE) for the Department of
Agriculture, Fisheries and Forestry titled The Farm Costs, Benefits and Risks From Bore
Capping and Piping in the GAB details the public and private benefits for the capping and
piping program in the GAB. The report contends that although capping and piping bores
results in substantial benefits to the wider Australian community, the major benefits accrue at
the property level.

At the property level, converting to controlled bores and closed water delivery systems results
in a range of benefits, but also creates some issues. It changes people's business practices as
well as their lifestyle. The CIE report states that landholders who converted from bore drains
identified the following benefits:
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Benefits of capping and piping - unquantified
The elimination of all costs associated with bore drain maintenance and repairs, such as
delving, repairing breakouts and bore drain inspections;
Reduced mustering times and much simplified mustering processes;

Better utilisation of all natural resources on the property through better water
distribution;
Increased production because of ability to utilise entire property more efficiently

More flexible and efficient property management - by controlling watering points,
properties can be rotationally grazed, improving native vegetation and livestock
performance;
Having clean water for stock to drink;
Having pressure and clean water at the homestead;
Ability to better control vertebrate pests, thereby reducing control costs;
Reduced costs of controlling weeds which can be spread along bore drains;

Increased pumping costs avoided by utilising artesian pressure to move water around
property and where artesian wells might otherwise turn sub -artesian;
Increased security of water supplies, thereby reducing management anxiety; and
Improved scope to better manage in times of drought.
There were also some issues identified with closed water delivery systems such as the risk of
equipment failure and the cost of frequent `water runs' especially in hot weather. These issues

are being addressed by improved design and material in delivery systems and the use of
technologies such as telemetry. Of course the capital cost of conversion and maintenance
was given as the major issue with capping and piping. Some landholders feel that the capital
costs are quickly repaid through the advantages gained by capping and piping while other feel
that cost are totally prohibitive.
Each landholder who has converted from bore drains has their own stories to tell. The stories
vary depending the location and circumstances of the properties, but there are some common
themes. The posters presented at the Australian Rangelands Society conference portray
updated stories from a selection GAB Champions in Queensland, South Australia, and New

South Wales. The landholders will be at the conference to tell their own stories, but the
posters will focus on how capping and piping GAB bores have affected the lives and
businesses of landholders in the GAB.
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ABSTRACT
The Western Australian portion of the Nullarbor Plain currently supports 19 pastoral leases.
The most remarkable feature one notices when looking at satellite imagery of the area are the
`streetlights' of the Nullarbor. The `streetlights' are light areas on the satellite imagery that
indicate a piosphere effect surrounding each watering point. These areas are created by the
exposure of the Nullarbor's lightly coloured soils as a result of over -utilisation that has lead to
a loss in vegetation cover and damage to cryptogam crust. However, evidence of this is not
always discernible when ground -truthing light areas. Though the effect looks obvious, our
experience indicates that a combination of ground -truthing and recent imagery is necessary to
reliably assess changes in rangeland condition as a result of pastoralism on the Nullarbor.

INTRODUCTION

The Western Australian portion of the Nullarbor Plain was largely undeveloped for
pastoralism prior to 1955, with considerable pastoral development taking place during the
1960's (Mitchell, McCarthy and Hacker 1979). Today, there are 19 pastoral leases operating

in the Western Nullarbor. A joint team from the Department of Agriculture and the
Department of Land Information is currently surveying the natural resources of the pastoral
leases on the Western Nullarbor.
The Nullarbor landscape is unique; it comprises the world's largest arid zone karst (limestone
landscape) covering 220,000 km2 (Gillieson, Wallbrink and Cochrane 1996). In studying
satellite imagery of the area, the most noticeable feature is the `streetlights' of the Nullarbor.
The `streetlights' are light areas that indicate a piosphere effect surrounding each watering
point. A piosphere is the highly utilised area that radiates out from a watering point. In some
instances the light areas viewed on satellite imagery extend throughout entire paddocks.

The `streetlights' are not visible on satellite imagery for any other pastoral area within
Western Australia. This paper examines why such areas are only visible on satellite imagery

of the Nullarbor. In light of this year, 2006, being the International Year of Deserts and
Desertification, the paper also looks at whether the `streetlights' are an indicator that
pastoralism is contributing to the process of desertification in the Nullarbor.

The 1992 Rio Conference (Earth Summit Agenda 21: Programme of Action for Sustainable
Development) defined desertification as land degradation in arid and semi -arid areas resulting
from various factors including climate variation and human activities. Harold Dregne (1977)
suggested that the indicators of desertification are a reduction in the productivity of desirable

plants, alterations in biomass and diversity of flora and fauna, and accelerated soil
deterioration. Factors other than grazing by domestic stock have also contributed to the
alteration of the Nullarbor landscape. These include fire and plague proportions of rabbits,
which have significantly reduced the abundance of perennial plants in areas throughout the
Nullarbor (Beard 1975). It is proposed that piospheres show up as `streetlights' on satellite
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imagery due to a loss of desirable plants and deterioration of the soil surface due to grazing
and movement of domestic stock around watering points. If this is the case then `streetlights'

could be used as a tool to monitor rangeland condition and hence the incidence of
desertification as a result of pastoralism on the Nullarbor.

WHY ARE `STREETLIGHTS' VISIBLE ON THE NULLARBOR?
There are a number of factors that differentiate the landscape of the Nullarbor from the
landscape of other pastoral regions of Western Australia, and which contribute to the presence

of `streetlights' in the Nullarbor. One of those factors is the composition of the vegetation
communities. Many vegetation communities in other pastoral regions of Western Australia
include a tall stratum, such as the mulga (Acacia aneura) and Eucalypt woodlands. Grazing of
the tall stratum by stock is severely limited due to the height of the plants making them
inaccessible. Thus woodlands can hide what degradation is occurring below and so the area
appears unchanged on satellite imagery. The majority of vegetation communities on the
Nullarbor are low shrublands.

It has been suggested that where vascular plant cover is low and spatially discontinuous,
cryptogam crusts may be major contributors to the spectral characteristics of satellite imagery.

However observations show that where there are marked similarities in the reflectance
patterns of cryptogam crusts and the surface soil, it may not be possible to differentiate
between the soil and the cryptogam crust (Eldridge and Greene 1994). The soils in other
pastoral regions of Western Australia, range from red to reddish brown and are generally
darker than those of the Nullarbor. On satellite imagery the bare surfaces of these dark soils
may not be able to be differentiated from the cryptogam crust, which ranges in colour from
green to black. In the Nullarbor the soils have a yellowish red colour as they are derived from
the limestone karst. Therefore the `streetlights' of the Nullarbor are likely a result of the
reflectance of the light coloured soils in degraded areas where the cryptogam crust has been
severely altered or removed.

The texture of the soil surface also contributes to the light appearance of degraded areas.
Areas of soil that have an intact cryptogam crust have highly textured surfaces, thus light
reflected from such surfaces is scattered. Light reflected from soil surfaces that have become
deflated and scalded is not scattered and consequently appear as bright areas on satellite
imagery.

NULLARBOR `STREETLIGHTS' FROM THE GROUND
In ground - truthing the areas that appear as `streetlights' on satellite imagery, the area of
degradation in which all shrubs and surface crusting have been removed is predominantly
restricted to a 500 metre radius surrounding each watering point. According to the satellite
image the area of the `streetlight' extends beyond this point, and in some cases extends
throughout the entire paddock. To investigate whether there was any physical evidence of
deterioration in rangeland condition we studied four sites on either side of a fence on a
Nullarbor pastoral station. One pair of sites was dominated by Atriplex vesicaria and the other
pair co- dominated by Atriplex vesicaria and Maireana sedifolia. One side of the fence was
developed for pastoralism and appeared as a light area on the satellite image. The other side of
the fence was undeveloped and appeared as a dark area on the satellite image.

Number of individuals of the dominant plant species were recorded along transects at each
site. The extent of soil crusting and proportion of intact soil surfaces were recorded for 20
quadrats performed along each transect. The results are displayed in the tables below.
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Table 1: Number of plants and level of soil crusting for sites dominated with Atriplex
vesicaria and that appear as light or dark on satellite imagery
Developed
Undeveloped
Appearance on satellite imagery
No. of Atriplex vesicaria plants
Proportion of site with intact cryptogamic cover ( %)
Proportion of site with extensive crust brokenness ( %)
Proportion of site with >50% crusting ( %)
Proportion of site with <10% crusting ( %)

Dark

Light

98
30
0
30
30

73
25
20
35
30

Table 2: Number of plants and level of soil crusting for sites co- dominated with Atriplex
vesicaria and Maireana sedifolia that appear as light or dark on satellite imagery
Undeveloped
Developed
Appearance on satellite imagery
Dark
Light
No. of Mairiana sedifolia plants
52
50
No. of Atriplex vesicaria plants
33
37
Proportion of site with intact cryptogamic cover ( %)
Proportion of site with extensive crust brokenness ( %)
Proportion of site with >50% crusting ( %)
Proportion of site with <10% crusting ( %)

100

100

0
75
0

0

100
0

Table 1 shows that there were a lower number of Atriplex vesicaria on the developed site and
that a greater proportion of the crust on that site was extensively broken, however plant and
crust cover on the developed site were still substantial. Table 2 illustrates there is very little
difference in the number of plants and the condition of the soil crust between the developed
and undeveloped site co- dominated by Atriplex vesicaria and Maireana sedifolia.

`STREETLIGHTS' AS INDICATORS OF DESERTIFICATION
Indicators of desertification include the loss of desirable vegetation, loss of soil structure and
cohesion, the loss of soil roughness and increased albedo (Dregne 1977, Prince 2002). Using

this definition it follows that the appearance of `streetlights' on satellite imagery of the
Nullarbor could be used as an indicator that pastoralism is contributing to the process of
desertification. However, field results have shown that at a distance of greater than 500 m
from water, plant numbers and the condition of the surface crust do not support the widereaching area of `streetlights.' This may indicate that the piosphere effect is not as extensive
in the Nullarbor as the `streetlights' on satellite imagery portray, though further research is
required.

The Nullarbor also shows a markedly seasonal response to rainfall. The dense annual cover
following rainfall changes the spectral signature of bright areas in contrast to times of low
rainfall. This is another constraint in using satellite imagery as a tool to measure the incidence
of desertification. For an area to be considered in a state of desertification, the change in the
landscape must be irreversible and thus will not respond to rain following extended dry
periods.

Due to the long time scale and the unpredictability of vegetation change in arid rangelands,
the time for a transformation in the landscape to take place may exceed the human lifespan
(Prince 2002). As such it is important that there is an independent means to monitor changes
in rangeland condition to assess whether desertification is progressing, or likewise show an
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improvement in rangeland condition as a result of improved land management. Thus further
investigation is required into reliably interpreting areas of degradation that appear on satellite
imagery to assist in managing the Nullarbor and to ensure it is not heading inexorably towards
a state of desertification.
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ABSTRACT
Biological Soil Crust (BSC) can potentially be used to estimate grazing pressure, which in
turn can be used as an indicator of rangeland condition. BSC is easily disturbed by hardfooted animals such as sheep. Two BSC -based indicators, species composition and cover,
have already been suggested as useful indicators for rangeland condition assessment. There is
strong agreement that BSC species composition is a good indicator of rangeland condition;
however, there is less agreement that BSC cover alone is a good indicator. The percentage
cover of BSC was measured at a series of sites at different distances from watering points in
five paddocks at Middleback Field Center, north -west of Whyalla in South Australia. Results
showed that there is indeed a direct relationship between distances from watering point and
the percentage cover of BSC, indicating that BSC cover could be used as an indicator of
rangeland condition.

INTRODUCTION
BSC, consisting of nonvascular photosynthetic ground flora, is a complex mosaic of
cyanobacteria (blue -green algae), eukaryotic green algae, lichens, mosses, microfungi, and
other bacteria in different combinations, where are well developed on the soil surface in the
interspaces of open shrubland, grassland and woodland communities of arid, semi -arid and
arctic ecosystems (Belnap et al., 2001b). They live within, or immediately on top of, the
uppermost layer (1 to 50 mm) of soil (Belnap et al., 2001a). BSC and their constituent
organisms are common components of landscapes in semi -arid and arid Australia (Rogers,
1982; Eldridge, 2001). BSC are generally restricted to rangelands, which occupy nearly threequarters of the land area of Australia (Eldridge, 2001). They contribute to the biodiversity of
arid systems, and play significant roles in soil stability, nitrogen fixation, biomass production,
soil fertility, microrelief and infiltration (West, 1990; Belnap et al., 2001 b).

BSC have been identified as an important indicator of rangeland condition (Klopatek, 1992;
Eldridge & Koen, 1998). Two BSC -based indicators, species composition and cover, have
already been concluded to be useful as indicators for rangeland condition assessment (Rogers
& Lange, 1971; Klopatek, 1992; Eldridge & Koen, 1998). There is a strong agreement that
BSC species composition is a good indicator of rangeland condition (Rogers & Lange, 1971;
Eldridge & Koen, 1998). However, there is not agreement that BSC cover alone is a good
indicator of land degradation and some researchers concluded that BSC cover is a weak
indicator (Eldridge & Koen, 1998). Although these studies have employed some pre assessment techniques such as classification of morphological groups, or consideration of
seasonality patterns by wetting, some other issues such as site stratification and sampling
method selection has been less considered. The main important issues of pre- assessment are:
what to measure (rangeland surface components plus definition of morphological groups of
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BSC); where to measure (site stratification); how to measure (suitable method selection); and
when to measure (seasonal pattern and phenelogical events) and have been less considered.
The main objective of this study was to examine the significance of cover variation of BSC at
different distances from watering points, which considered to be correlated to grazing and
trampling pressure (Lange, 1969), as a preliminary to using remotely- sensed data to detect
them. If BSC cover is a good indicator of grazing gradients, then employing remotely- sensed
methods to detect BSC cover could be a suitable tool for rangeland condition assessment.

METHODS
The Study Area and Data Collection
This study was conducted at Middleback Field Center (MFC), in five replicate paddocks, in
the pastoral region of the South Australian chenopod shrublands, approximately 400 km
north -west of Adelaide and 15 km north -west of Whyalla. Data were collected at six distances

from watering points in five replicate paddocks with a 100 m line - intercept method. Sites
were stratified to only include shrubland and shrub- woodland physiognomic communities.
Data Analysis
The significance of any relationships between cover of BSC and distances from water was
tested using analysis of variance and general mixed models using S Plus v6.2 for Windows
(Insightful Corporation, 2003). In the analyses, distance from water was assumed as the
independent variable and the cover of various groups of BSC as dependent variables in a two way table indexed by five paddocks and six distances.

Having decided on the model for the variances and correlations, the investigation of the
relationship between mean cover and distance was conducted and is based on general mixed
models, if unequal variances were required, and on the analysis of variance, if equal variances
were considered appropriate. The logistic or sigmoidal model of Graetz and Ludwig (1978), is

not suitable for these data because the collected data did not display a lower asymptote,
possibly because the distances at which observations were made were some distance apart.
Thus linear and exponential models were tested for the collected data. In the first step if a
linear trend proved to be inadequate, then an exponential curve was investigated for
describing the trend. The general equation of the exponential (or asymptotic) curve was:

Y = a + fl x pp'stance;

(Equation 1)

where a is the asymptote (Payne et al., 2000). In all cases where an exponential curve needed
to be fitted, the model for the variances involved only equal variances for the distances and so
the investigation of trend could be based on the analysis of variance.

RESULTS
Total BSC cover data were analyzed to determine if there was a significant change in BSC
cover at different distances of water. A likelihood ratio test comparing the analysis of variance
model with the heterogeneous variances model was not significant (p = 0.200) and so it was
concluded there was no evidence for employing the heterogeneous variances model. As a
result, an analysis of variance in which a straight line was fitted to the distance means was
performed (p <0.001). From this result it was concluded that there were significant deviations
from the linear trend (p <0.031). As a result an exponential curve was fitted to the trend
(Figure 1). The extended analysis of variance shows that there were no significant deviations
from the exponential curve (p = 0.984), thus the exponential curve was significant (p <
0.004). The equation of fitted curve is as Equation 2:
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DISCUSSION
Comparison of Site Productivity Potential with BSC Cover Variation along the"
Transects
By considering the concept of site
...
productivity potential (Tongway, 1994),
..
..• ...
we cannot expect 100% BSC cover, and
the percentage cover of BSC was
something between 30 to 450/0 in 73% of $ : to
. ..
the sites at 2000 m to 4000 m. The cover 'Qj;
....
is
in other 270/0 sites was between 19 to <.>
300/0. It should be noted that stratification
was not 1000/0 successful and nearly 13%
. ' . . . ;....... ,.
of the sites were selected in woodland
-- ~ "" 'Ra~~~~~l
-· FH'l.~d
communities which have negative
relationship with BSC distribution.
Moreover, 43% of the sites were selected
.... "

~:;." ,

~

.j

.:.:.

" .l:-::.••.

:-::.

P~jrput);.l(S

woodland-shrubland
mixed
on
communities with relatively negative
relationship with BSC distribution.

Figure 1: Profiles, means and fitted
exponential curve (p<O.004) for total BSC
cover along a piosphere gradient in five
paddocks at MFC

A method of stratification which can
further remove these environmental
variations could increase the significance of relationships between BSC cover and
degradation. Thus from these results, we can conclude that a productivity potential of the
study paddocks for BSC cover is about 30 to 45% cover. On the other hand, at 100 m sites
BSC cover ranged from 0.2 to 5%, which showed that their current condition is much less
than their potential cover of BSC. Maximum BSC cover in the sacrifice zone is less than 100/0,
which confirms Graetz and Ludwig (1978). Thus sites at 100 m have lost 20 to 30% of their
potential cover in comparison with the sites at 2000 to 4000 m.
BSC Cover is an Indicator of Rangeland Condition
BSC provide a beneficial role in the landscape, largely through the process they mediate, in
particular nutrient cycling, infiltration and erosion (West, 1990; Eldridge & Koen, 1998).
Consequently BSC cover might be expected to equate with a more stable landscape (Eldridge
& Koen, 1998). Results of this study showed that total BSC cover have significant
relationships with graiing pressure (trampling). These results were statistically significant in
spite of some marked variation at some sites in the individual paddocks. Our results showed
that BSC cover changes from almost 00/0 (around water) to over 30% in contrast to previous
studies showing cover variance of BSC to be less than 10% in the piosphere (Anonymous
cited in Rosentreter & Eldridge, 2002). My results support the results of Graetz and Ludwig
(1978) who reported more than 15% BSC cover change at their piosphere patterns. These
changes under grazing (trampling) pressure shows that BSC are a good indicator of rangeland
degradation supporting other previous literature (Rogers & Lange, 1971; Anderson et al.,
1982; Klopatek, 1992). However, our results are in contrast to the some more recent literature
concluding that BSC cover is a weak indicator of a grazing response (Eldridge & Koen,
1998). Whereas our study showed the BSC cover changes markedly with distance from water
and is a robust indicator of rangeland condition.
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CONCLUSIONS

BSC cover is a significant indicator of rangeland degradation. Total BSC increases
significantly as distances increase from water. According to the soil productivity potential
expected BSC cover in the shrubland community is about 30 to 45 %. Sites at 100 m distance
from water have lost 20 to 30% of their potential cover. Discernable grazing gradient patterns
for the study area take place within 2000 m from water so BSC monitoring need only take
place over this range.
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INTRODUCTION
The South Australian Outback' is a vast area. A population of 17 427 people live in an area
of 706 891 km2 (ABS 2005b) - or a density of one person per 40.5 square kilometres.
Approximately 1% of the state's population lives in the outback, which comprises 70% of
South Australia's land area. Indigenous people represent about 16% of the total population of
this area (ABS 2001).

South Australia is the driest state of Australia and has a predominantly flat and low -lying
terrain. The Simpson, Great Victoria and Stud Stony deserts contain the Musgrave, Gawler

and Flinders Ranges and many large saline lakes, including Lakes Eyre, Torrens and
Gairdner. The area contains the vast Pitjantjatara and Maralinga -Tjarutja Aboriginal lands
and is also home to the Adnyamathanha and Arabana people.

Traditionally the pastoral industry provides the main land use, with mining development
experiencing a current boom. Tourists and "sea changers" are increasingly changing the
dynamic of the population along popular travel routes.

Information and communication technologies (ICTs) already play important functions in
remote regions. Almost every aspect of daily life can be enhanced through access to services
on line such as e- banking, shopping, licensing, and information provision including weather
forecasting, industry developments and leisure interests. The potential value of the Internet as
a means of maintaining links with others cannot be overstated in a region where neighbours
and help can be several hundreds of kilometres away.

There has been considerable Government and private investment in ICTs for very remote
regions, including mobile phone access, broadband and satellite internet infrastructure.
However, there is still a significant lag in up -take of on -line technologies by people living in
this area. In a telephone survey of Outback residents commissioned for this project, (Harrison
2005), in the SA outback:
64% used a computer for any reason at home, work or anywhere else
55% used a computer daily or more often and 76% weekly or more often
54% used a computer at home
49% had Internet access at home

This result suggests that usage rates compare favourably with the rates across Australia.
However, a phone survey would provide a very biased sample and is unlikely to capture
people already marginalised by the digital divide, such as itinerant workers and aboriginal
people. The levels were also significantly lower than for home computer access and internet
use in urban areas. In metropolitan areas, 69% of households have a home computer. This
rises to 84% for families with children under 15, while 59% have home internet access (ABS
2005a).
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While this urban/outback imbalance can be attributed in part to continuing problems with the
availability and reliability of infrastructure, there are also issues which have been labelled the
"three Cs" of the digital divide - connectivity, capability and content (Pacific Bell 2002).

Connectivity is not just wires or waves, but needs to take into consideration the
appropriateness of the infrastructure to the physical, human and economic environment.
Capacity is the skills and abilities required to utilise new technologies, but more significantly
also recognises the need for motivation for people to become ICT literate and confident in

using this technology. Content refers to the information provided, which must meet the
information and service needs of users to enhance their daily lives, but also be appropriately
expressed and easily accessible.

These factors guided the project development of Outback Connect, in applying for funding
from the Australian Government's DCITA IT Training and Technical Support Fund (DCITA
2004) The model developed for Outback Connect considered the particular environment and
needs of this region: the need to overcome vast distances, to gain community acceptance and
ownership, to be relevant to regional and cultural needs, to maintain economies of scale in the
face of potential cost escalation. It provides innovative solutions to the various issues of
remoteness which impact on the effective use of ICT for individual and community benefit.

OUTBACK CONNECT, THE MODEL

Outback Connect offers free basic training and technical support through a "virtual"
classroom. Derived from the model used by School of the Air in South Australia, the project
uses CENTRA2 "Symposium" technology, a web based and user - friendly conferencing
facility. Clients register for class sessions and receive on -line agendas and notes, where
relevant. Through headsets and microphones, and occasionally webcams, all class participants
can interact, ask questions, share applications, enter breakout rooms, make entries on a class
whiteboard, even share a joke or applaud (but silently).

Outback Connect aims to develop the use of online service through three main means:

Training in Information Technology (IT); Development of IT skills to support the
sustainability of local organisations; Provision of technical IT support. The main features of
these components are outlined below.
.

Training in IT
A basic list of classes in a flexible time framework is offered, and Outback Connect clients
can request particular topics to be included in the schedule. TAFE SA Regional at Port
Lincoln was the successful tenderer to deliver this training and TAFE staff members have
developed their skills in virtual and non- accredited instruction to provide this on -line
program.

Use of this program requires a minimum computer knowledge and dial up internet speed and
so can be used by people in all locations and with all levels of Internet access. The project

provides instruction sheets, web based information and complimentary headsets and
microphones to assist clients get started. As this software is the same as that used by School
of the Air and Aboriginal Education Study Centres, it can be assumed that many of the target
population already has some familiarity with this package. However, Outback Connect also
aims to assist first time and novice computer users and many prospective clients do not have
any familiarity or confidence with technology at all. To meet this need, the project has made
arrangements to provide individual, face -to -face assistance by IT trainees based in local
organisations.
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Developing a skill base for future IT support and organisational sustainability
IT traineeships are offered to local young people who are hosted by regional organisations, for

example Yunta Post Office and Telecentre, Streaky Bay Area School or Ceduna TWT
Community Development Employment Project (CDEP). Trainees, using the facilities of their
host organisation, can offer support to community members in using computers and accessing

Outback Connect. A client from Penong, for example, regularly travels to the Ceduna
Aboriginal Art and Cultural Centre for booked sessions with a trainee based there. Trainees
also complete certificate study in IT which could be the foundation for a potential career or
small business pathway. In many instances, trainees also can enhance the sustainability of
their host organisation through their on-the-job competency development which helps to
maintain the ICT functionality of their host organisation, provides technical support and
assists with staff skill development.

Providing technical support
A feasibility study conducted prior to the commencement of Outback Connect indicated a
clear demand for accessible technical support in very remote regions.

Many outback families and organisations saw themselves as competent computer users, but

were disadvantaged in gaining local access to technical support. Issues such as virus
protection and computer security, privacy and consumer rights, setting up peripherals,
upgrading software and hardware become mammoth hurdles when there is no computer shop
down the road or friendly workplace "technophile" to offer assistance. These things can be
resolved, virtually, through the Outback Connect software.

This software can allow computers to be accessed remotely for technical support, and a 1300

connection to a registered technician has been established. Basic technical queries are
resolved through Outback Connect. More advanced problems are referred to a choice of local
providers where consumers are charged at commercial rates.

PARTNERSHIP MODEL USED BY OUTBACK CONNECT
When Outback Connect ends in June 2007, it aims to have:
generated a demand for on -line service provision
created a network of young people skilled in IT service provision
demonstrated an income producing model of IT support

These outcomes will provide a potential business opportunity through increased community
and private use of online resources with a consequent increased demand for technical support.

The feasibility of a commercial operation will have been tested during the period of
subsidised support, while existing commercial providers will have benefited from clients
referred from the project.

A major principle of Outback Connect is to cooperate with existing programs and
organisations to maximise the support and training that can be provided to very remote South
Australians. As previously indicated, this is a core value and impetus for the project and is
essential in gaining support and buy -in from outback residents and organisations. This will
also increase the likelihood that the services provided will continue after the project funding
ceases.
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Outback Connect is built on a partnership model - developing joint ventures, working with
existing programs, value adding to other projects, gaining guidance and support from the local
knowledge and community networks of other organisations.
Project partners, who form the Outback Connect Advisory Committee, include:

The Public Library network (PLAIN Central Services). PLAIN hosts the project server
and maintains a parallel trainee and public education program. At the conclusion of the

project, ownership of the virtual classroom software will be transferred to PLAIN,
providing a tested training and communication resource across all South Australian
libraries and reinforcing the value of ICT in conducting community business.

Rural Solutions SA, a business unit of the Department for Primary Industries and
Resources. Rural Solutions is contracted to coordinate the delivery of the project. Outback
Connect complements many existing Rural Solutions programs conducted for pastoralists

and this partnership provides invaluable links to the pastoral community, and other
programs operating in very remote areas.

Outback Areas Community Development Trust (OACDT) is the administrative
organisation for these remote regions. As part of the sustainability of the project, OACDT
will also assist in evaluation studies to identify future needs and development options.

School of the Air (SOTA) has provided the model on which this project is built and
continues to advise Outback Connect on the most effective use of the program.

Aboriginal Education and Employment, a Directorate of DFEEST provides a link to
Aboriginal communities through the Aboriginal Education Study Centres program. The
Outback Connect project brief specifically focuses on these communities and this project
can assist in developing ICT literacy and providing IT traineeships for Aboriginal people.

OUTBACK CONNECT: CREATING OPPORTUNITY
Outback Connect is a project of the Digital Bridge Unit, DFEEST. This title echoes its
strategic approach to the issue of the "digital divide" which is positive and facilitative implementing programs which offer opportunities for communities and individuals to assess
their own needs and explore the degree of interaction with ICTs which is appropriate for
them.

The use of information as an economic resource is part of major social change, which is
impacting on community dynamics and personal circumstances. Access to information and
on -line services can provide significant socio- economic benefits, such as access to global
markets and instantaneous information and service delivery. While equality of access is a
wider issue than can be covered by this paper, it reinforces the view that on -line resources
should be available to all and that all people should have the opportunity to assess its
relevance and benefit for themselves. Outback Connect seeks to provide and support that
opportunity

While traditional socio- economic measures of disadvantage are also indicators of a digital
divide, there are other factors across "class" or wealth boundaries, including age, occupation
type, gender, ethnicity, location, available infrastructure, for example, which also inhibit
access to digital technology. By many measures, such as the vast distances from services and
low population density, the people of very remote regions are at risk of being excluded from
the benefits of this technology.
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As discussed earlier, the dimensions of the digital divide include more than the provision of
adequate infrastructure. In adopting the 3C paradigm (Pacific Bell 2002), "Connectivity ",
must be reinforced by "Capability" and "Content" if there are to be inroads made to reducing
digital exclusion.
Outback Connect is addressing the "Capability" of people and organisations in very remote
South Australia to access digital information and communication resources and to develop the
"digital fluency" to effectively use these resources. The project also invites clients to explore
the ways in which this technology can be beneficial for them. The model for Outback Connect
develops from the availability of digital infrastructure and relies on appropriate and useful
content, thus reinforcing the inter -relationship of these three concepts.

The partnership model of Outback Connect facilitates access to and participation in the
program through:

Adding value
Many Outback families and Aboriginal communities were early adopters of internet
technology through Telstra's satellite subsidy scheme and Telecommunications Action
Plan for Remote Indigenous Communities programs. The feasibility study conducted by
Outback Connect identified technical support as integral to the continuing viability of
these technologies.

The use of the same communication software as School of the Air increases the
recognition factor for outback families and offers an added incentive for accessing the
Outback Connect programs.

Evolution into other programs
Examples include
Farm Biz is planning to extend the introductory training offered by Outback Connect to
offer vocationally based training to the Outback Connect network.

Developing confidence in the use of ICT provides opportunities for residents of very
remote areas for greater access to Vocational and Adult Education.

Tapping into established networks
The Outback Areas Community Development Trust provides funding assistance to 36
remote communities. There is a natural alliance with Outback Connect marketing through
the network of local Progress Associations, OACDT Communication outlets and working
with OACDT programs.

"In the more recent years assistance with projects to upgrade existing communications
technology and adopt new approaches has increasingly occupied the Trust's time. These
projects have related to radio and TV rebroadcast facilities, [and] computer awareness
"(OACDT 2005b)
and public access to the internet
Rural Solutions business and community development programs have developed a
network of contacts across the region and the alliance between this organisation and
Outback Connect provide an opportunity to offer complementary, collaborative and
extension programs.

Designing program delivery appropriate to the circumstances of the clients
This is a core value of the design of Outback Connect, across all sectors of the target
population. For example, it must be recognised that Aboriginal communities require
culturally sensitive approaches if a program is to be effective. The digital divide is
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particularly pervasive in most Aboriginal communities and will increase if awareness and
relevant training programs (as well as the development of culturally sensitive on -line
content) are not implemented. The role of Indigenous organisations in supporting and
defining the parameters of a program such as Outback Connect for Indigenous users is
critical. The advisory and collaborative role of Aboriginal Education and Employment
will be a major determinant of success in this population.

CONCLUSION
The Outback Connect Project is based on the thesis that greater use of ICT in the outback can
assist in the process of building sustainable communities in remote areas. Outback Connect is

built on a community development model, integrating existing local resources, being
responsive to local needs and offering a self directed functionality.

A pre- requisite of this project is to gain community support in an area where the hardships of
the physical and economic environment have generated an independent self sufficiency which
can be suspicious of new technologies and Government funded programs. Outback Connect
has sought to overcome this through building on accepted technology, the "virtual classroom"
of School of the Air, and making it more widely accessible.

Outback Connect relies on links with partner organisations that are already part of the
community fabric - for the choice of a delivery platform, and also the promotion of the
project within the community and ensuring that the project meets local needs,

Outback Connect has been designed according to, and is a model of, three key learnings based
on experience in the South Australian Outback:
1. that partnership models across agencies need to be clearly articulated at project start up
2. that community engagement is a critical component of service delivery of this nature
3. that understanding existing culture is a critical success factor in community engagement
Notés
1. For the purposes of this paper, "the Outback" is d efined as "those areas which have been

designated as very remote according to the Australian Bureau of Statistics. The
Accessibility/Remoteness Index of Australia (ARIA) measures the remoteness of a point
based on the road distances to the nearest ABS defined Urban Centre. Remoteness is a
factor of the relative distance one must travel to access a full range of services." (DCITA
2004)
?. Centra Software Australia Pty Ltd
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ABSTRACT

This paper introduces the use of market based instruments as policies for biodiversity
management in the Australian rangelands. We discuss the potential benefits of using MBIs
and some of the key issues that need to be considered in their design and use.

INTRODUCTION
Market Based Instruments (MBIs) are receiving increasing attention as a tool for natural
resource management. For instance the National Action Plan for Salinity and Water Quality
has established the National Market Based Instruments Pilots Program with funding of $10m
over 5 years to investigate the potential for MBIs to improve natural resource management.
The purpose of this paper is to introduce MBIs; to point out the potential benefits of using
MBIs to achieve biodiversity outcomes in the rangeland; and to discuss some of the key MBI
design issues.

MBIs can take many forms. Applications of MBIs to Australian NRM include auctions such

as BushTender (Stoneham et al 2003), development offsets, and water trading schemes.
MBIs can be classified as priced based, where the primary focus is on defining a price;
quantity based, where the focus is on defining the underpinning definition and ownership of
units to enable trade; or facilitative which focus on lowering transaction costs in otherwise
viable markets (also known as market friction instruments).

MBI are generally characterised by three features. First, they aim to identify and correct the
underlying reasons for under provision of a good or service. Second, MBIs use markets or
elements of market mechanisms to achieve the policy objectives. These include voluntary
exchange, competition, and prices as signalling mechanisms. Finally, they aim to achieve

more efficient resource management by decentralizing decisions to individual resource
owners and by providing financial incentives for outcomes that (ideally) reflect society's
values. Decentralising decision making allows individuals to utilise their private knowledge

about local circumstances and personal values that is not available, or very costly for
governments to acquire. MBIs can therefore take advantage of heterogeneous costs and
abilities of achieving certain outcomes by allocating the task to those who can most easily and

willingly do them. MBIs can also provide flexibility in how outcomes are achieved, and
provide a financial incentive to do so in innovative ways.

The potential significance of these issues in rangeland biodiversity explains our interest in
using MBIs. Specifically, there appears to be large variation in costs, ability, and willingness
to provide biodiversity outcomes. The focus on biodiversity outcomes in rangeland settings is
relatively new. Previous policies have not generally encouraged innovative approaches to
achieving biodiversity outcomes, therefore the potential for innovation is high. The large
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spatial scale means that variation in circumstances is high, and remoteness increases the
importance of using local knowledge. In addition MBIs, by providing positive rewards and
voluntary participation may be able to build on individuals' intrinsic motivation to maintain
biodiversity. (See Reeson and Tisdell, 2006)

DEVELOPING MARKET BASED INSTRUMENTS
Issues and opportunities
Most markets emerge spontaneously to take advantage of "gains from trade" that benefit both
buyer and sellers. Numerous issues may prevent potential markets from forming, therefore
MBIs need to be designed on a case by case basis in order to address them. For rangeland
biodiversity, some of the key issues appear to be the public good nature of biodiversity, the
uncertain rights and responsibilities surrounding biodiversity (property rights) and the
difficulty of defining a unit of biodiversity that can be traded. Other potentially important
issues include fitting in with existing institutions (Coggan et al, 2005b), risk and risk sharing,
missing and private information, market size and market power, and mixing different policy
instruments. Key elements in developing an MBI are to define an item to be exchanged, to
define ownership of this item, and to ensure a market structure exists that permits trade.
Finally, the engagement of potential participants in the process of development can be vital to
the success of the policy.

Property rights and public goods
In economic terminology, biodiversity is a "public good ". This means one person's enjoyment
of its existence does not diminish the enjoyment by others. It also means that it is difficult to

exclude people from benefiting from its existence (and therefore to make them pay). The
public good problem affects ownership and market structure. The difficulty of excluding
people for the benefits of public goods tend to mean that ownership is poorly defined and
contested. This is particularly the case for emerging issues such as biodiversity. The market
structure issue is that the value of a public good is dispersed across many people. They need
to coordinate if this value is to be turned into effective demand. Governments therefore have
a role to play in facilitating the allocation of property rights and in coordinating demand for
biodiversity.

Defining a metric

A market based policy instrument needs to be able to compare different biodiversity
outcomes, in order to choose among them. Defining a metric for a biodiversity market that
enables this is difficult. By definition, what we seek to achieve is diversity, whereas a market
wants to be able to compare and price similar things. The problem is conceptually complex
and is made more difficult by the stochastic nature of rangeland environments and the
inherent expense in measurement of complex outcomes in remote areas. Pragmatic solutions
are needed and these focus on things that are easy to observe and measure. Typically this
includes management actions and surrogate measures of desired outcomes. An imperfect
metric causes several problems. Uncertainty about what is being traded generally reduces the
value of trade. The compromise of focusing on inputs and management actions also reduces
the flexibility to achieve outcomes in innovative and cost effective ways.

To develop improved metrics we need to first define their purpose. MBIs, and most other
policies, require metrics for a range of different purposes. We argue that we may need to
define slightly different, but conceptually consistent metrics for these purposes. Some of the
main elements of a policy that require a measure of the biodiversity include:
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Defining the broad biodiversity outcomes to underpin the new MBI initiative. What is
the overall aim at a regional scale we wish to achieve with the program and how will
we monitor our progress?
2. Defining the specific changes we wish to achieve from this policy intervention? These
1.

may be management actions, intermediate, proxy or specific objectives that we can
practically target.
3.

Evaluation and comparison of competing biodiversity management proposals or
outcomes. What criteria do we use to judge the value of different biodiversity "items"
that are for sale? How do we rank them or place a relative price on them?

4.

Monitoring of management changes: For policies that involve contracting for future
biodiversity management or outcomes, how do we decide if individuals have done what
they were required to do under the terms of the contract?

5.

6.

Monitoring our MBI effectiveness. Has the MBI achieved the specific management
changes or specific outcomes it set out to in step 2?
Evaluation of the MBI against the broad policy targets defined in step 1: Is the MBI
contributing to our regional scale biodiversity goals as intended?

Specifying different metrics for each purpose can simplify the task because they require
metrics that work at different scales (paddock, property or regional), are aimed at different
audiences (e.g., pastoralists, traders, ecologists, government) and focus on different aspects of
biodiversity. The implications of measurement error in each step are also different. In
particular some types of measurement error in steps three and four may be systematically
exploited in ways that reduce the effectiveness of the policy. These steps may need metrics
based on easily and accurately observable features. For the monitoring steps (eg step 5 and 6)
we may use a more relevant but less accurate measure as the basis of our assessment.

Policy development process

Unlike other policy development, which is often done on a trial and error basis, with
potentially costly consequences, a feature of MBI's is a systematic approach to policy design
and testing (Coggan et. al. 2005a, Whitten et. al., 2005). This includes experimental testing of
key issues in the "laboratory" (Rolf, 2002) and in the field (e.g., Windle et. al., 2004). With all
policy, the consultative and stakeholder engagement process is crucial for success, and this is

perhaps more so with MBIs. The testing stage of the process provides opportunities for
consultation and feedback, however there is also a need to build in good communication
throughout. In addition, in the rangeland, developing a metric is an important element of the
policy, and this needs to be incorporated into the consultation process.

To date there have been several applications of MBIs in the rangelands. A tender for
biodiversity management has been successfully trialed in the Western Division of NSW
(Shepherd, 2006). A tender mechanism for vegetation corridors has also been tested in a
workshop setting with pastoralists in the Desert uplands (Windle et. al., 2004) and will be
implemented during 2006.

These experiences also point to the importance of a communication and community support.
With small numbers of pastoralists good participation rates are required. To be effective the
schemes must also build on rather than crowd -out existing initiatives and good will. As a new
scheme, there is a need for a process to iron out bugs and to allow people to learn about the
scheme, and manage or become comfortable with the risks involved.
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CONCLUSIONS
Market based policies appear to have important advantages over other policy tools such as

direct regulation, primarily due to the way in which they can be designed to achieve
efficiency gains. Despite their potential it remains difficult to define effective ways to
measure and monitor a biodiversity commodity. Further research will focus on designing

biodiversity metrics for outcome based contracts and more effective ways to engage
landholders in the business of biodiversity management.
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ABSTRACT

Recently a pilot project tested the capacity of agencies to report nationally on rangeland
change through the Australian Collaborative Rangeland Information System (ACRIS). The
NSW component of the pilot focused on change in the rangeland portion of the Darling
Riverine Plains bioregion for the period 1992 -2002. Key trends affecting parts of the
bioregion are the decline of the wool industry, a shift to cereal cropping and a decline in
floodplain function. Regional -scale natural resource monitoring datasets show that pastoral
productivity, plant biodiversity, landscape function and groundcover are quite responsive to
seasonal conditions, but longer -term trends appear stable.

INTRODUCTION
The Australian Collaborative Rangeland Information System (ACRIS) is coordinating the
reporting of rangeland change across State and Territory jurisdictions (see ACRIS:
http: / /www.deh.gov.au/land/ management /rangelands /acris /index.html). To establish the
feasibility of a national report on change, ACRIS recently coordinated a pilot project to test
the capacity of natural resource management datasets to address key policy areas. The
rangeland portion of the Darling Riverine Plains bioregion was selected as the NSW case
study area over the chosen reporting period of 1992 -2002. Information from this and four
other case studies were then synthesised into a national report, presenting, to the extent
possible, a consistent assessment of change across five geographically distinct rangeland
regions for the decade (Bastin et al. 2005).

Five broad policy questions underpinned the pilot reporting framework, addressing key
regional -scale natural resource management issues:
Sustainable management: What was the change in critical stock forage productivity?
Biodiversity: What was the change in native species?
Landscape function: What was the change in landscape function?
Ground and canopy cover: What was the change in cover?
Socio- economic factors: What was the capacity for change in the region?

This paper summarises trends identified to answer these questions within the Darling Riverine
Plains bioregion.

THE DARLING RIVERINE PLAINS CASE STUDY AREA
The rangelands of the Darling Riverine Plains bioregion (see Figure 1) are amongst the most
pastorally productive in NSW. Land -use change, socio- economic adjustment resulting from
the decline of traditional enterprises and floodplain deterioration through reduced flooding
frequency add complexity to natural resource management issues within the bioregion.

The bioregion consists of extensive Quaternary alluvial plains associated with the Darling
River and its tributaries. Low -gradient alluvial fans forming broad clay plains comprise the
northern parts, while to the south -west, the alluvium exists as the floodplain of the Darling
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River confmed by higher landscapes. This floodplain is a "panhandle" of the bioregion,
crossing areas of both summer and winter-dominant growing seasons along a gradient
decreasing rainfall. To reduce the complexity of reporting, the "panhandle" was excluded
from the case study.
Recent vegetation mapping is available for the study area (Northern Floodplains Regional
Planning Committee, 2005). The dominant vegetation associations include open woodland
communities dominated by coolabah (Eu calyptus coolabah) and black box (E. largiflorens),
grasslands based on curly Mitchell grass (Astrebla lappacea), low shrub lands of lignum
(Muehlenbeckia florulenta) or canegrass (Eragrostis australasica) and chenopod shrublands
of mainly bladder saltbush (Atriplex vesicaria).
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Figure 1: Map of the Darling Riverine Plains bioregion within New South Wales
The eastern margin of the rangelands approximates the Western Division boundary as marked

Implicitly, the reporting of change requires repeat measurements. While various snapshot
studies reporting the status of natural resources of western NSW were. produced over the
period 1992-2002, few datasets encompass repeat measurements. The case study therefore
relied heavily on monitoring data from the NSW Department of Natural Resources (DNR)
Rangeland Assessment Program (RAP) but also the DNR Resource Assessment and
Monitoring System (RAMS) and the NSW National Parks Kangaroo Management Plan aerial
survey database. For all five case studies, ACRIS accessed national datasets covering
demographic change (Australian Bureau of Statistics, ABS), modelled seasonal pasture
growth and cover (AussieGRASS), seasonal quality based on vegetation greenness and forest
cover change (Environmental Resources Information Network, ERIN).
REGIONAL TRENDS
Regional-scale trend information provides a broad overview of change. When based on
aggregated site-scale data, local environmental and land management factors are muted and
higher level factors such as seasonality or regional land use change have most influence. Over
the reporting period, seasonal conditions across the Darling Riverine Plains included average
seasons for 1992-94, above-average seasons from 1995 till 2000 and below average seasons
for 2001-02. This seasonal backdrop was the primary itifluence on natural resource change
over the reporting period, with drought suppressing many indicators leading into 2002.

The segregation of seasonal effects from land management influences is often a challenge for
site-based rangeland monitoring systems. The ACRIS pilot projects used an approach to
identify management influences based on a matrix comparing the direction of change of a
parameter at the site level within the context of the direction of seasonal change. Management
influences were inferred where site-based change was counter to the expected response in the
context of the direction of seasonal change (Bastin et al. 2005).
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An overview of significant regional trends identified within the ACRIS reporting framework
follows. Further detail is accessible at:
http: / /www.deh. gov. au/land/ management /rangelands /acris /publications -products.html

Sustainable Management
The RAP database was the primary source of relevant datasets for this theme, providing data
on trends in perennial bush density, the frequency of palatable perennial grasses and pasture
species biomass.

Historical records suggest that the Darling Riverine Plains bioregion once supported an
abundance of palatable perennial grasses that were subsequently depleted by grazing (Beadle,
1948). While the present abundance of pastorally -valuable species such as curly Mitchell

grass (Astrebla lappaceae) is relatively low, RAP monitoring over the 1992 -2002 period
suggests that pastoral productivity is stable in a decadal timeframe although highly responsive
to year -to -year seasonal conditions. The density of pastorally- important chenopod shrub
populations was also dynamic in the short term, although remaining relatively consistent over
a decadal timeframe.

Biodiversity
Change in rangeland biodiversity is difficult to quantify and explicit monitoring systems have
yet to evolve. Consequently, the pilot project relied on surrogate data to address this theme.
The available datasets included the extent of cropping (RAMS database), species diversity of
pastures and chenopod shrubs (RAP) and kangaroo census (NSW National Parks Kangaroo
Management Plan aerial survey database).

The most obvious influence on biodiversity has been a widespread change of land use from
extensive grazing to cereal cropping, driven by economic and social considerations. Between
1992 and 2003, the area of cropping within the study area increased by approximately 97,600
hectares to an estimated 183,400 hectares (RAMS database).
On land used for extensive grazing, average pasture diversity ranged from 23 to 42 species
per site, with a stable long -term trend. Above average seasonal rainfall appeared to be the
source of most year -to -year variability. Shrub diversity in chenopod communities also
remained constant, although this is expected in a decadal timeframe. Commercially harvested
kangaroo populations appear to be responsive to seasonal change but otherwise stable.

Landscape Function
Formal landscape function data has yet to be collected systematically within the bioregion, so
surrogate information was used to discern broad regional trends. A compound index based on
the frequency of perennial plants and groundcover was used on the premise that these two

factors significantly influenced the ability of the local landscape to retain resources and
support plant growth. This index suggested a gradual improvement in landscape function
from 1992 until the onset of drought in 2001, largely driven by seasonal opportunity rather
than management influence.

Change in flooding regime is a regional scale landscape function issue operating over a
decadal timeframe within the bioregion. Analysis of annual flow data shows a declining trend
in the extent of episodic flooding across the floodplains of the Culgoa, Bokhara and Narran
Rivers. Between 1988 and 2004, the relative share of individual flooding events with peaks of

around 60,000 ML /day at St George, Queensland, reaching NSW has declined from an
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average of over 50% in 1997 to only 20% in a 2004 event. Satellite image analysis indicates
that the extent of flooding has declined by 88% (140,000 hectares) in comparing similar
events in 1988 and 2004. This reduction in flooding frequency and extent places riverine and

floodplain ecosystems at risk of decline, with associated negative impacts on pastoral
productivity on areas reliant on periodic inundation.

Ground and Canopy Cover

Both groundcover and canopy cover are important parameters of rangeland health.
Groundcover was considered on the basis of both AussieGRASS modelling and RAP site
data. There was general trend to increased groundcover from 1992 until the onset of drought

in 2001. This change was accord with the overall direction of seasonal change as the
dominant influence. Canopy cover change data from RAP sites was also considered. Canopy
cover is highly variable across the bioregion and (Alen very low. Of 15 sites considered,
canopy cover increased on the majority between 1991 and 2002.
Socio- economic Factors
The social and financial circumstances of landholders define their capacity for management of
natural resources. Information accessed to address this component of the project included
demographic trend data (ABS, 2004), the status of diversification (various sources), trends in
land value (DNR), trends in stock numbers (RAP, various) and available data from a range of

projects addressing change in natural resource management. Key changes affecting the
bioregion include the declining profitability of wool -growing with a flow -on fall in stock
numbers, diversification into cropping as the most attractive alternative enterprise option and
an increasing age profile of land managers. Several of these influences imply a declining
capacity to embrace changes in natural resource management.

CONCLUSION
A decade is a short period when considering ecological and socio- economic change in
rangelands. The period 1992 -2002 presented one "cycle" of seasonal conditions within the
Darling Riverine Plains bioregion, finishing with a long drought and the yet unanswered
question of subsequent recovery. Many regional -scale parameters are strongly influenced by
season, but appear to have a longer -term stable trend.

The project highlighted a lack of temporal data for biodiversity and landscape function in
reporting on change in NSW rangelands. Despite this limitation, the case study provided
.

encouragement on the capacity to report in a NSW rangeland -wide context as a component of
ACRIS reporting at the national level.

REFERENCES
ABS (2004). A Regional Profile- Selected Regions within Australia's Rangelands 2004.
Report compiled for the National Land and Water Resources Audit by the Australian Bureau
of Statistics. Commonwealth of Australia, Canberra.

Bastin, G. and members of the ACRIS Management Committee (2005). Australian
Collaborative Rangeland Information System: Reporting Change in the Rangelands, National

synthesis of reports from pilot regions. CSIRO Alice Springs. 156 pp. (available at
http: / /deh.gov. au/land /management /rangelands /acris /publications -products.html)

Beadle N C W. (1948) The Vegetation and Pastures of Western NSW with Special Reference
to Soil Erosion. Dept of Conservation of NSW.

190

DIPNR. (2004) River flow and floodplain inundation impacts of current water resource
development in the lower Condamine -Balonne. DIPNR Far West Region.

Northern Floodplains Regional Planning Committee. (2005) Vegetation communities of the
Northern Floodplains, Western NSW. Books 1 -3.

191

DELIVERING PEST MANAGEMENT SOLUTIONS IN THE SOUTH AUSTRALIAN
ARID LANDS
B. Greenfzeldr'3, B. Shepherd' and J. Pitt'
1Rural Solutions South Australia, PO Box 357, Port Augusta, SA, 5700
2 Rural Solutions South Australia, PO Box 822, Clare, SA, 5453
3Corresponding author. Email: greenfield .beth @saugov.sa.gov.au

ABSTRACT
Pest plant and animals directly impact or threaten all social, economic and environmental

assets of the South Australian Arid Lands (SAAL). This extensive region is sparsely
populated and financial resources rarely match pest management requirements.
Pest
management must therefore be strategic and coordinated throughout the region to achieve
efficient and effective outcomes and minimise impacts.
The Animal and Plant Control team of Rural Solutions South Australia provides technical

services to a range of arid lands stakeholders, who recognise the need for planning,
coordination, strategic surveys and effective on- ground outcomes.

THE WHOLISTIC APPROACH
Successful pest management requires coordination at all stages, from planning and survey to

implementation and monitoring. Rural Solutions SA has a key role in delivery of pest
management programs in the SA Arid Lands including:

Regional planning
This involved developing a process and structure for determining common pest management
objectives and regional priorities through the development of the SA Arid Lands Pest
Management Strategy (SAAL PMS). In conjunction with this document the Alintyara
Wilurara Pest Management Strategy was also produced, assisting the development of
complimentary objectives and actions across NRM boundaries. These strategies identify pest
species present, their impacts, legislative and administrative frameworks, stakeholder groups
and mechanisms for the Board to prioritise pests and on- ground actions.

Species or area specific management plans
Within the framework of the regional strategic plans, the development of priority pest or area
specific plans is the next step towards achieving effective pest management with measurable
outcomes. Rural Solutions SA is currently writing management plans for priority species
determined by the SAAL NRM Board, such as feral camels, Opuntia sp. and buffel grass
(Cenchrus ciliaris).

Distribution and density assessment
In order to produce realistic objectives for the management of pest species, their population
range and density must be understood. Desktop analysis and mapping of existing data,
landholder surveys and targeted aerial and on- ground surveys all contribute to gathering this
knowledge. Area specific surveys have also been undertaken as a basis for the development of
management plans for key biodiversity sites such as the Gammon Ranges, Gawler Ranges and
Bimbowrie National Parks and the Arkaroola Sanctuary.
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Surveys and monitoring also allow for early detection of new incursions, enabling early
intervention. In the SA Arid Lands, riparian systems are considered to be at higher risk of
invasion from pest species. They can act as vectors for the spread of weeds and corridors for
the movement of feral animals into the region. Periodical, strategic aerial surveys for woody
weeds and pigs are therefore carried out on the Diamantina, Warburton and Coopers Creek
systems.

On- ground works, follow -up and ongoing monitoring
On- ground works is where the real action happens - where impacts to the region are reduced
or ultimately reversed. But it doesn't stop there. Commitment to follow -up control ensures
that all the resources utilised for pest management have not been wasted. Finally monitoring
and evaluation of pest control programs is vital to assess success, improve methodology,
ensure management objectives are met and to provide feedback for adaptive management.
Priority areas or priority species that have been targeted include oleander (Nerium oleander)

control trials in the Parachilna Gorge and a long -term mesquite (Prosopis sp.) control
program across the region. With management plans completed, combined with successful
funding programs, the on- ground component of pest management is set to accelerate in the
SA Arid Lands region.

Co- ordination and community involvement

Effective pest management, through all stages, requires cooperation from multiple
stakeholders. It is important that pest coordinators are committed to ensuring stakeholders are
involved in defining management actions and developing solutions to build their capacity and
develop `ownership' of control activities and outcomes. The Animal and Plant Control team
of Rural Solutions SA has provided the coordination and collaboration role for the region, as

well as across boundaries through their networks with neighbouring NRM Boards and
representation on interstate projects such as the Cross Catchment Weeds and Feral Animal
Initiative.

CONCLUSION
The relationship between the Animal and Plant Control team of Rural Solutions SA and its
various sponsors, combined with an on -going commitment to the rangeland NRM regions, has
enabled many successful, strategic pest management projects to be undertaken in the South
Australian Arid Lands region.
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ABSTRACT
Stocking rate decisions in western NSW are complicated by variable and largely non -seasonal
rainfall. We sought to define `trigger points' that could assist stocking decisions, particularly
when little skill is available in seasonal climate risk assessments based on the SOI Phase
system. Long term daily pasture growth simulations obtained from the WinGRASP model
were used to calculate an index of pasture growth over the following three months, together
with the 20`h, 50`h and 80th percentile values for three- monthly growth, commencing at
fortnightly intervals throughout the year. We worked with pastoralists throughout the Western
Division and adjacent mixed farming areas to identify 3- monthly pasture growth profiles best
suited to their location. Acceptable profiles were identified for 27 locations, together with the
broad country types on the respective properties. Interpretation of these profiles should allow
other pastoralists in the vicinity, managing similar types of country, to define their own
trigger points to assist stocking decisions when useful seasonal risk assessments are not
available, or to provide additional support for such decisions at those times when seasonal
risk assessments are more useful. Both tactical and strategic management decision should
benefit from the growth profiles defined.

INTRODUCTION
Making management decisions that involve taking a chance on future climatic conditions is

always difficult, particularly in areas like western NSW where rainfall is not strongly
seasonal. While the SOI Phase system can provide useful information on likely pasture
growth in the winter -spring period a similar capacity does not exist during the critical
summer -autumn season (Hacker et al. 2006). Particularly at this time, management decisions

might be assisted by a `rule of thumb' about how long de- stocking might reasonably be
delayed in the hope that the season will improve. Alternatively, prudent decisions to take
advantage of surplus forage when the season is already looking promising could be assisted
by a `rule of thumb' about when might be the best time to buy.

In this paper we have attempted to encapsulate the idea of `rules of thumb' in the form of
`trigger points' for stocking decisions. We define trigger points as calendar dates when the
prospects for future pasture growth are high or low based on the long -term record.

METHODS
We used the WinGRASP version of the GRASP model (Littleboy and McKeon 1997) to
simulate daily pasture growth for a range of locations in western NSW. Climate files for these
calculations were derived from either the SILO or CLIMARC data bases. For the latter, daily
rainfall, maximum and minimum temperatures, solar radiation, evaporation and vapour
pressure for the period 1889 -1957 have been computed using an anomaly interpolation spline
method. Actual data are available from 1957 onwards. For the former, only average daily data
(except for rainfall) were available prior to 1957.
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Several parameter sets of the GRASP model relevant to western NSW have been derived
from experimental data. These include Gilruth Plains (C4 grassland), Lake Mere (C3 or mixed

grassland) and Kinchega (chenopod shrubland). In addition, a `NSW average' set is also

available (Richards et al. 2001). These parameter sets were combined with the most
appropriate climate files to generate long term daily pasture growth profiles for various
locations in western NSW.

To allow identification of trigger points we:

calculated the exceedance probabilities for pasture growth over three monthly periods
commencing at fortnightly intervals throughout the year (i.e. for the three month periods
beginning 1 January, 15 January, 29 January etc);
calculated the area under the exceedance curve for each starting date as a generalised
index of future (three month) growth potential; and
plotted these `pasture growth indices' to allow visual identification of maxima and
minima (i e. trigger points).

We used the area under the exceedance curve as a generalised index of pasture growth
potential as it provides an integrated measure over the entire range of biomass production
levels. Its use therefore avoids anomalies that might arise from comparisons based only on the
exceedance probability for some fixed level of biomass, or on the median or average level of
biomass production.

Based on initial feedback from graziers in response to this concept, we also calculated the
20th, 50th and 80th percentile bands (`critical percentiles') for actual pasture growth to provide
an appreciation of the inter - annual variability associated with each starting point.

We subsequently provided data to 41 graziers in western NSW who expressed interest in
evaluating the trigger point concept for their location. These co- operators were provided with
a range of products, representing combinations of parameter sets and climate files most likely
to suit their situation. They were also provided with alternative forms of data presentation viz.
bar charts of pasture growth indices, or 20th, 50th and 80th percentile traces. Co- operators were
asked to comment on (a) the graph (if any) which best reflected the pattern of pasture growth
on their property and (b) their preferred form of presentation. If none of the products reflected

their perception of the pasture growth pattern, they were asked to amend the graphs
accordingly.

RESULTS AND DISCUSSION
Acceptable growth curves were identified for 27 locations throughout western NSW (Figure
1). Of these, 21 were selected from the alternatives provided to co- operators from the model
output while in six cases graziers amended the pasture growth index chart to reflect their
individual assessment of the expected growth pattern.
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Figure 1: Location diagram showing the 27 locations for
which acceptable growth profiles, and hence trigger points,
were identified
Co- operators were more or less evenly divided between pasture growth index and critical
decile traces as the preferred means of data presentation. For future extension purposes, both

forms of presentation will be combined into a single display, except where grazier
modification of the growth profiles prevents the calculation of critical percentiles (Figure 2).
Expected pasture growth for next 3 months is maximal
but can be highly variable as shown by the differences
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Figure 2: Example of pasture growth index and critical
percentile profiles and their use to determine trigger points.
Note the `primer' point, some time before the trigger point,
when preparation for a decision and consideration of options
should start
Defining trigger points is straight forward for the growth potential index as the highest and
lowest values are easily identified although in some instances, where index values are similar
for a number of starting dates, there may be no strong reason to choose one date over another.
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Inter - annual variability of pasture growth associated with each starting date - indicated by the
difference between the 20th and 80th percentile values - may lead to some adjustment of the
trigger points that would otherwise be identified from the 50th percentile values or the pasture
growth index alone.

Significantly, the time of peak pasture growth typically coincides with the time when the skill
of seasonal climate outlooks also reaches a maximum (winter- spring) in western NSW. At
these times, it should be possible to use both the trigger point date and the seasonal growth

outlook based on the SOI phase to help with stocking decisions. However, the period of
minimum growth potential occurs at times when there is little skill in the SOI phase system
(summer -autumn). At these times, knowing when the period of minimum pasture growth is
about to start should be a particularly useful aid for stocking decisions under deteriorating
seasonal conditions.

While identification of trigger points should have application to tactical decision making, the

growth profiles now available may also assist strategic decisions. Timing of lambing or
calving, for example, could be related to growth expectations, with correlated consequences
for other critical dates in the management calendar.

Since co- operators' returns also provided broad details of the vegetation types on their
properties, the total set should allow other landholders to select growth curves, and the
associated trigger points, most likely to reflect their own conditions.
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ABSTRACT
Available technology now allows individual animals to be identified and weighed whenever

they access water, data to be telemetered to a remote computer, and animals to be
automatically drafted on the basis of weight or other individualistic criteria. The application
of spatial pasture growth models to seasonal risk assessment (eg PaddockGRASP) allows
current and future stocking rates to be assessed in an explicit risk management framework,
providing a new capacity to assist with the matching of forage demand and forage supply. The

combination of these technologies potentially provides rangeland pastoralists with an
unprecedented capacity to manage for both economic and environmental outcomes. The
capacity to produce frequent and reliable estimates of live weight also provides a new tool for
the development of models linking pasture growth and animal production.

INTRODUCTION

New and increasingly available technologies are today providing pastoralists with
opportunities to improve profitability and enhance sustainability not previously feasible in
extensive management systems. These technologies relate to both the animal and pasture
components of the system and together constitute what may be described as `precision
pastoralism'.
Central to `precision pastoralism' are the capacities to manage individual animals, or animal
groups, according to their specific requirements, and to address more effectively the central
issue of matching forage supply and demand to achieve both optimum animal production and
sustainable resource use.

THE ANIMAL MANAGEMENT SYSTEM

The capacity to record the weight of individually identified animals, telemeter this
information to a remote office and subsequently activate an automatic drafting race on the
basis of specified criteria is now a reality. Physically, this system involves:
Spear gates and a race that allow animals access to water in `single file', while passing
over a weighing platform;
RFID (Radio Frequency Identification) tags applied to each animal;
A tag reader installed in the race in parallel with the weighing platform;
A scales indicator /computer that accepts input from both the tag reader and the weighing
platform;
A CDMA connection that allows downloading of tag number -weight pairs to an office
computer via a modem and dial -up connection; and

An automatic (two -way) drafting race that can be programmed, via the indicator, to
separate the mob into two groups based on weight or tag number.

198

The system now operational at Prattenville is as shown in Figure 1. The system is portable
and the objective is to use it, or its component parts, as required throughout the property.
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Figure 1: The 'walk through' weighing and drafting system established at Prattenville
showing various components. Power is supplied by batteries charged by solar panels.
The total cost of this installation is about $15,000
In addition to the physical infrastructure, soft ware is required on the office computer to
' clean up ' the downloaded data stream by removing anomalous readings, such as occur when
two animals are simultaneously on the weighing platform or an animal is in an agitated state.
Only about 60-70% of readings are useful but when 'clean up' software is developed, about 57 useable body weight measurements per sheep per week can be expected (J. Rowe, pers.
comm.). The fmal product will be in Excel format and software development is currently in
progress within NSW DPI.

Applications of this system may include:
• monitoring stock remotely to minimise need for physical checking, particularly when used
in conjunction with level sensors at watering points;
• monitoring animal performance in relation to forward contracted specifications
• drafting of animals based on weight, or weight gain, criteria - either for sale,
supplementation or other husbandry practices;
• drafting of animals on the basis of other individualistic information e.g. reproductive
status (empty, single lamb, twin lamb), age or classer assessment;
• drafting out animals without tags (e.g. ferals); and
• in the future, possible individual application of preventative veterinary treatments.
Although not of immediate application to pastoral enterprises another benefit of this
technology may be in the establishment of female pedigree in stud breeding flocks, based on
the observation that lambs tend to follow dams over the weigh bridge (R. Mortimer, pers
comm.). Development of acceptably accurate female pedigree data without the cost of
physically 'mothering up ', or of DNA fmgerprinting, could allow a substantial improvement
in the estimation of breeding values for both ewe and ram selection.
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Systems similar to that shown in Figure 1 will soon be available from a number of
commercial manufacturers. Protocols for certification of these systems, in terms of the
accuracy of the data collected, are currently being developed by NSW DPI in cooperation
with the Sheep Industry CRC.

Overall, such systems allow intensive and individualised management of animals in an
environment which has previously allowed only extensive management at the flock level.

THE PASTURE MANAGEMENT SYSTEM
Matching stocking rate, or forage demand, to forage supply remains a central challenge for
pastoralists regardless of the grazing management system employed. Seasonal risk assessment

based on pasture growth modelling at spatial and temporal scales relevant to pastoral
management offers a new tool to address this challenge, with potential benefits for animal
production, risk management and sustainability. The essential feature is the parameterisation
of a pasture growth model for individual vegetation types within a property and the use of
seasonal risk assessment techniques to estimate the probability distribution of medium term
forage supply and other parameters.

We are developing the PaddockGRASP spatial model for two prototype properties in NSW,
including one that forms part of the `Prattenville' complex. The process involves
parameterisation of the GRASP model (Littleboy and McKeon 1997) for specific vegetation
types mapped within each property. A number of parameter sets for GRASP are already
available for western NSW and translation to the community -within - property level involves,
in the first instance, the derivation of the major parameters that are thought to drive pasture
production - plant available water and tree basal area. Both of these can be estimated using
rapid techniques once vegetation communities have been mapped (Alemseged et al. 2006).
Output from the PaddockGRASP model provides:
pasture growth estimates (for paddocks and vegetation types within paddocks) for the next
3 -12 months at the 20th, 50`h and 80th percentile levels;
corresponding estimates of stocking rate based on sustainable levels of pasture utilisation;
and
ground cover at the end of the planning period, at 20`h' 50th and 80th percentile levels, if the
current stocking rate is maintained.

This output places the resource management implications of the current stocking regime in
clear perspective, given the widely accepted figure of 40% as the minimum desirable cover
level for semi arid rangelands in western NSW, and provides valuable input to tactical
management decisions concerning the sale, agistment or purchase of stock.

A number of other systems to assist such decisions are currently available or under
development based on satellite imagery (eg Basin et al. 2006). However, we would argue that
the capacity to project forward, and to provide information that assists decision making in a
risk management context, is an important advantage of simulation based approaches.

SYNERGIES

Technologies of the type described above are no substitute for the practiced eye of an
experienced manager. There is no possibility of `remote management'. However, the capacity
to monitor animal performance remotely, and to assess seasonal risk with greater confidence,

does provide powerful information to assist the tactical responses required to realise the
productive potential of animals in a variable environment.
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At `Prattenville', the livestock enterprise is aimed at trading operations under favourable
seasonal conditions, with the property otherwise destocked. The capacity to monitor animal
performance and assess future pasture growth is expected to make a substantial contribution
to the management of this enterprise, and may facilitate further developments of this kind.
However, the same capacities will also be relevant to more traditional enterprises where

considerable scope exists to improve animal production by more precisely targeted
management interventions, and seasonal risk assessment remains an important and inevitable
component of successful pastoral businesses.
At the same time, the capacity to assess the sustainability implications of current management
(eg likely future ground cover levels) will assist pastoralists combine the goals of business

management with those for natural resource management expressed by Catchment
Management Authorities. In western NSW at least, these are partially framed in terms of
desired levels of ground cover.

FUTURE DEVELOPMENTS
The availability of reliable and frequent live weight data provides a new tool for model
development. Previous attempts to estimate live weight changes based on pasture production
estimated with the GRASP model have had limited success, except at the relatively coarse
annual level (Hall, 1996). We are hopeful that the availability of this new data source will

facilitate a considerable refinement of this capacity and provide even more powerful
information for rangeland livestock producers.
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ABSTRACT
Rapid Mobile Data Collection (RMDC) is an innovative technique that enables a large
amount of data to be collected over extensive areas in near -real time. These data have a wide
range of applications: (a) independent assessment of rangeland condition; (b) calibration and

validation of remote sensing indices of woody vegetation and ground cover;

(c)

parameterization, calibration and validation of biophysical models, e.g. AussieGRASS; (d)
interpretation of both remote sensing and model outputs; and (e) attribution of management
and climate impacts on resource condition. Repeat visits provide an indication of trends in
condition. This method is flexible and is easily modified and adapted to record additional
attributes of interest. It may be applied or integrated at a range of scales from moderate
resolution satellite imagery such as MODIS to property, shire, catchment or bioregion scale
assessment.

INTRODUCTION
Rangelands cover approximately 75% of the Australian continent and monitoring this vast
area is difficult and expensive. Integration of a range of tools and techniques is required to
provide the most reliable information on spatial and temporal variability and impact of
management and natural factors in these complex ecosystems. A mobile data collection
technique was first developed in Queensland in 1993 to address the need to monitor impacts
of drought in extensive grazing lands (Hassett et al. 2000). Developments including improved
software and modifications to data recording and processing have enabled this technique to be
applied to several large scale data collection/monitoring projects, including AussieGRASS

and ACRIS. In response to policy and resource management issues, significant additional
expansion and development has been introduced since 2002 to extend the range of attributes
collected and enable a four -fold increase in volume of data collected. This has resulted in the
near -real time generation of large datasets containing both quantitative and qualitative
environmental data and allowed spatial and temporal analysis of individual attributes and
interpretation of overall condition. A large range of current and emerging applications can
now be supported by data not previously available. A combination of this Rapid Mobile Data
Collection (RMDC) technique with site sampling, remote sensing and modelling, provides
greater confidence and accuracy and a more complete picture of rangeland condition to
support policy development and rangeland management decisions.

METHODS
The RMDC technique collects a very high volume and frequency of point data along
essentially a very long transect. RMDC is based around a vehicle mounted GPS (with
external antenna) connected via a data cable and power harness to a vehicle mounted (or
supported by passenger) laptop running locally developed, user configurable software. Georectified imagery such as satellite, topographic, road maps etc. are displayed on screen
providing continuous position updates, on screen navigation and the display of logged data as

202

points. The data logging software is user configurable by creation of simple user defmed
'Configuration' files. These text files are read by the software and determine how and what
the keyboard "Function keys" will record when activated. Configuration files are easily
modified as required and separate files may be created for different applications. Data is able
to be recorded in either alpha-numeric, numeric or list format. For maximum speed and
efficiency of data entry, numeric input has been found to be the most appropriate. Numeric
codes, either new or from existing databases are assigned to biophysical attributes or features
being recorded e.g. plant species codes. Data is recorded whilst mobile via direct keyboard
input or a programmable numeric keypad. Data logged into the software is recorded as ASCII
files and include geographic information, GPS status and accuracy information, configuration
file information and the recorded data.
A typical ' Land and Resource Condition' field trip will return >50,000 data points, each
containing an average of 4 attributes, across> 10,000 km in 14 to 21 days. Data is collected
across as many trafficable roads and tracks in Shires, bioregions or catchments, at a rate of
between 3 and 5 data points/kilometre (each containing 4 attributes) depending on terrain. At
property scale and slower speeds, a higher frequency is possible. The field of view varies
between land types, being shorter in undulating country compared with open, flat grassland
communities and observations are always made beyond road verges and fence lines when
present. Priority is given to surveying minor and local roads and tracks, which are often
unfenced. The extent to which the RMDC method has been used throughout Australian
rangelands is shown in Figure 1. The data collected by the Climate Impacts and Natural
Resource Systems group (excluding the Statewide Landcover and Trees Study project) using
this technique, currently stands at more than 960,000 data points, each with multiple
attributes.

Attributes currently recorded are shown in Table 1. Attributes shown may contain up to 10
variables and generate unique datasets for modelling or mapping. Attributes are not restricted
to those in Table 1 and the method is applicable to recording or monitoring any characteristic
of interest at various scales, levels of detail or complexity.
Calibration of quantifiable data is undertaken on a daily or as required basis at Rapid
Assessment Sites (RAS) using a range of techniques for attributes such as pasture biomass,
tree basal area and ground cover. Landscape, surface characteristics, flora species and
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photographs are also recorded at these sites. When undertaken frequently and intensively, it is
possible to maintain regressions between estimated and measured data with correlations (r2)
of greater than 0.9 using simple linear regression.

Table 1: Attributes currently collected using RMDC techniques
Pasture Attributes
VegetationBiodiversity Indicators
Land/Resource
Condition
% Green
Total standing dry
matter kg/ha
Utilisation (% of
TSDM utilised)
Dominant Genus
or species
% Cover and type

Weeds of National Significance
(WONS)(incl. Spp, Density and
flowering state)
Woody weeds and increaser spp
Clearing types
Regrowth types
Tree Basal Area (TBA)
Foliage Projective Cover (FPC)
Cropping practices
Termite density

Degraded area
characteristics
Stream health
Herbivores and
feral spp
Fire
characteristics
General soil
colour

Following each field trip, daily log files are "cleaned" to remove erroneous data. An ASCII
file of the total dataset may be used as an input for modelling. A program reads user defined
configuration input and output files and generates a point based shapefile. From this shapefile,

a range of "Condition" maps may be created. Statistical analysis by Shire, bioregion,
catchment or Interim Biogeographic Regionalisation of Australia (IBRA) region may be
conducted within a GIS and repeat trips enable trend monitoring.

DISCUSSION
The RMDC technique is a fast and efficient means of obtaining large amounts of ground -truth
data in a relatively short period of time. The aim of any RMDC field trip is to intensively
survey and collect a large amount of qualitative and quantitative data, across large areas
capturing a "snap- shot" of current condition, in near -real time. The technique has wide
ranging applications, limited only by the experience and skill of the operator. In addition to
the initial purpose as a source of calibration and validation datasets, it is becoming
increasingly recognised as a valuable source of independent data that either cannot be
captured by other means or that would be restricted to relatively few sampling sites.

An advantage of the RMDC technique is that it can be utilised in areas even where
operational limitations preclude remote sensing or modelling, e.g. in areas or at times when
use of remote sensing is limited by tree or shrub canopy cover or seasonal cloud cover and
where complexities of terrain or ecosystems e.g. due to shadow, fire scars, topography, make
imagery or simulations difficult to interpret. RMDC field trips aim to survey as large an area
as possible within the target region and record points at a very high frequency. Although the
mobile survey is taken along roads or tracks, the field of view is generally similar to or greater
than the distance at which site measurements are taken in intensively sampled plots, which are
often restricted by access practicalities to within 500 m from roads.

RMDC cannot provide the full spatial coverage of remote sensing or the long time -series
possible through modeling but the datasets contribute to greater confidence and accuracy in
remote sensing and modeling products. Broad scale validation of these products is enhanced

by utilising tens of thousands of data points covering the range of natural variability in
complex ecosystems rather than a "representative" sample of sites or often a small sub -sample
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of original calibration data. RMDC also aids the interpretation of products and more informed
"inferences" to be made and generally provides a reality check. RMDC supports identification
of complexities and possible anomalies in remote sensing or modeling products. For example,
groundcover indices may identify areas of high and increasing cover (a positive characteristic)

which in reality may be comprised of undesirable species, WONS, detached litter etc. (a
négative characteristic). Thus interpretation of whether an area of high ground cover detected

using satellite imagery is actually in "good" condition is helped by the additional data
provided by RMDC. This information is critical to land management decisions. Any physical
characteristic that may be identified and/or quantified whilst mobile may be recorded for
validation or interpretation of existing mapped products or for new products, e.g. a prototype
national termite density map has been produced.

Each attribute (such as pasture condition, WONS, degraded areas) containing several
variables generates a unique dataset or layer. The high frequency of data recorded allows a
user to "drill" down through each layer, building not only a picture of condition at a given

point but providing information on possible causes of that condition. Interpretation or
inferences about land condition based on a single layer of data has little confidence. For
example, a single RMDC layer showing a low pasture biomass at a given point indicates little
about the condition of the resource. However, if drilling through the available layers of data
also indicated high utilisation, the available biomass was green, the species was Bothriochloa
pertusa, the % cover was low, there were large numbers of domestic stock present, WONS
were present, there were areas of gully erosion and scalding, understorey regrowth or invasive

species were present, tree basal area was low and soils were favourable, a view on the
contribution of management and climate factors can be formed. Change in biomass,
utilisation, cover and type, dominant species, woody regrowth or invasion, type and size of
degraded areas, distribution of stock, distribution and density of WONS etc. are all able to be
analysed along the surveyed transect. Integration of these data with remote sensing and
modelling products removes the reliance on a one dimensional product.
Hence, RMDC is a technique which is flexible and adaptable to a wide range of applications
and may be easily modified to suit specific needs. It is designed to be integrated with other

methods such as intensive site sampling, remote sensing or modelling to provide more
comprehensive information possible and overcome the limitations inherent in any one method
or product. The ability to collect a significantly larger spatial dataset of "actual" data than site
sampling alone, combined with the ability to collect data not captured by remote sensing or
modelling, makes the RMDC technique an integral part of understanding and monitoring the
complexities of rangeland ecosystems. It is providing data for research projects and

rangeland monitoring, and is increasingly being used to support development and
implementation of policy for vegetation and land management in Queensland.
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ABSTRACT
Understanding when and where seasonal climate outlooks provide reliable decision support
information is an important step to increasing confidence in and adoption of climate risk
assessment in managing grazing lands. A continental -scale framework was developed to
allow statistical tests, e.g. LEPS scores, to be calculated for seasonal forecasting systems.
These tests indicated that seasonal climate outlooks using pasture growth as the predicted
variable had greater reliability than for rainfall. We discuss preliminary `skill' analysis and
how spatial and temporal variability in reliability of outlooks could be utilised by scientists
and advisers to improve the value of climate risk information available to support more
sustainable management of inter- annual climate variability in the rangelands.

INTRODUCTION
The arid and semi -arid rangelands of Australia are characterised by a highly variable climate.

This variability on inter - annual and longer time scales can have a major impact on
profitability of grazing enterprises (Nelson and Kokic 2004) and risk of degradation of
landscapes (McKeon et al. 2004). Future climate cannot be known with certainty; we can
only improve the odds for planning strategies. A 2002 "Best Practice Survey" of more than
1500 wool growers (Land, Water and Wool Program, www.landwaterwool.gov.au) found that
lack of confidence in the `accuracy' of forecasts was the main reason for failure to respond to
predictions of unfavourable conditions. Climate scientists and extension officers are faced
with the difficult task of communicating regionally -relevant, useful information to graziers

when reliability of forecasting systems is variable. A first step in increasing adoption of
climate risk information is, therefore, to accurately represent the reliability of outlooks and the

spatial and temporal variability in the strength of indices that relate a measure of ocean or
atmospheric state to a factor (e.g. rainfall or pasture growth) influencing climate- dependent
management decisions. We present the results of initial tests of the reliability of an
operational seasonal climate forecasting system across Australia and discuss how these results
could be used to enhance communication of climate risk for grazing land management to
increase adoption of climate information in decision making.

METHODS

El Nino - Southern Oscillation (ENSO) is a major driver of inter -annual variability over much
of Australia (Figure 1). To analyse the strength of the relationship between SOI or SST
measures of ENSO state and rainfall, an application called Map Arranger was added to the
AussieGRASS framework. AussieGRASS provides probabilities of exceeding the long -term

(115 years) median value of rainfall and pasture growth on a 0.05° grid nationally. Map

Arranger was programmed to allow statistical tests to be calculated for each of the

approximately 280,000 5km square pixels across the continent and for a range of forecast
periods and lead times. In the operational AussieGRASS system, probabilities are based on
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the SOI 5 -phase seasonal climate forecasting system (Stone et al. 1996) which provides
outlooks for rainfall three months ahead. In principle any seasonal climate forecasting system
which could split historical years into groups (year- types) could be tested but this discussion
is restricted to the SOI phase operational system.

Statistics for hindcast verification and forecast skill have been applied in the test framework.
Discrimination between the sets of analogues generated by dividing historic years into yeartypes (e.g. corresponding to the SOI phases) can be tested using Chi - square or Kruskal
Wallace tests (Henry et al. 2004). These tests establish whether the forecasting system may
provide a better estimate of future climate than from all -years climatology. The Kolmogorov
Smirnoff test or KW test for individual year -types can indicate which phases of the forecast
system provided the discrimination. To measure the skill of the forecast of rainfall and
pasture growth outlooks produced by the seasonal outlook system in AussieGRASS, the
Linear Error in Probability Space (LEPS) score was also programmed into Map Arranger.
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Figure 1: Illustration of the impact of ENSO on simulated pasture growth for a site in
northern NSW. In this example the probability of growing more than 4001(g/ha ranges
from approximately 10% in an El Niño year to 75% in a La Niña year

Briefly, a LEPS score measures the departure between forecasts and observations in
cumulative probability space. It evaluates model skill by penalising errors in terms of the

magnitude of this departure. In applying a LEPS scoring matrix to verification of a
probabilistic categorical forecast, e.g. the probability of above or below the median value as
calculated in AussieGRASS for rainfall, the expected score for a constant forecast of any
category is the same as the climatological distribution in each category (Potts et al. 1996). In
addition to examining the skill for the forecasting system, calculation of LEPS scores for
individual year -types showed which phases have skill for each forecast.

LEPS scores were calculated for pasture growth outlooks as well as for rainfall. Pasture
growth depends not only on rainfall and other climate variables but also the initial condition
of the grazing system. Calculation of LEPS skill scores for pasture growth is thus
complicated by the need to consider not only the season ahead but also the past as reflected in
current conditions. The first step is to generate analogue years to enable a probabilistic
forecast of above or below median growth. This process is computationally demanding
because these analogues must be applied to simulations of current conditions for each month
of each year in the historical record (i.e. 115 years x 12 months in AussieGRASS which uses
all years since 1890). This procedure resulted in 115 observed/predicted pairs for each three month forecast period throughout the year. The `observed' values are simulated rather than
measured but validation over more than a decade of AussieGRASS modelling provides some
confidence that the simulations reflect actual growth and the system provides a valid test of
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ability to forecast simulated growth in the absence of actual climate data given the historical
record, current conditions and a classification that provides discrimination between year -types
identified by phases of the SOI system. To reduce the number of calculations, the number of
pixels for which the calculation was done across Australia was reduced by a factor of 5.
DISCUSSION

LEPS scores (Figure 2) show that the SOI phase system like other statistical seasonal
forecasting systems based on measures of ENSO (Drosdowsky 2002, Fawcett et al. 2005)
demonstrate `skill' for only a few months of the year over much of the rangelands. The
challenge is how to communicate to land managers the value of seasonal climate forecasts
without over -selling current capability. There is a risk of loss of confidence in the system at
any time if the strength of signal together with the probability is not communicated clearly.
Calculated LEPS scores for pasture growth are markedly higher than for rainfall (Figure 2).
Pasture growth relates more directly than rainfall to decisions such as stocking rate and while
absolute simulations of growth at 5 km resolution may not be accurate at a point or capture
property scale variability, validation studies show that relative values reflect reality (Carter et
al. 2003). The additional `skill' in pasture growth outlooks derives largely from knowledge
of initial conditions. Factors such as soil moisture, nutrient status and grass basal cover at the
start of the season have a major influence on pasture growth for any future rainfall scenario.
Preliminary sensitivity analysis in selected regions indicates that the key parameters in the
reliability of simulated pasture growth outlooks vary across ecosystems but grass basal cover,
soil moisture and available nitrogen can be drivers. This understanding provides a potential to
integrate climate risk information with graziers' knowledge of their own property conditions
and pasture response. However, the analysis also indicated the sensitivity to components of
the pasture model (pasture basal cover, nitrogen uptake and use) which should be improved.
eo
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Figure 2: Examples for two pastoral regions of LEPS skill scores for outlooks for
rainfall and pasture growth using the SOI phase system
LEPS scores of >_10 are considered to indicate that the forecast is better than climatology.

Knowledge of the temporal and spatial variability in reliability of seasonal climate outlooks
allows the option of issuing rainfall or pasture growth outlooks only when there is confidence

in the signal (Hacker et al. 2006).

Leith (2006) reported that pastoralists expressed a
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preference for the forecast to be 70 -80% reliable. It takes several years to build confidence in

a seasonal forecast system so issuing outlooks when reliability is low will likely delay
adoption further. In addition, unless the forecast is for a significant shift in probabilities from
climatology, land managers are unlikely to change a decision. The 2002 LWW "Best Practice
Survey" (www.landwaterwool.gov.au) found that 60% of graziers would be likely to alter
management if a seasonal outlook predicted double the chance of a dry season. Further, the
time when climate outlooks have statistical skill may not coincide with the time when key
management decisions have to be made. These criteria are difficult to meet with the current

operational seasonal climate forecast systems, but increased understanding of climate
variability, reliability of seasonal climate outlooks and how to interpret climate indices will
build confidence to accept future developments and promote informed adoption of current
systems. At times when current systems cannot provide reliable climate outlooks, risk can be
assessed in the context of enterprise management strategies. Individual approaches to risk
varies, e.g. in the absence of a strong climate signal, a risk averse approach would be to match
stocking rates to achieve a safe level of utilization of current feed availability assuming no
rain in the season ahead.
In summary, increased adoption of seasonal climate risk assessment in rangeland management
has the potential to promote opportunities in good years or minimize risk of economic loss or
resource degradation in poor years. Confidence in seasonal outlooks will be enhanced with
better understanding of their reliability and the framework described in this paper enables

analysis of the spatial and temporal variability in statistical skill of current and emerging
systems. The type of risk information that is of most value to land managers is being
investigated in the context of how to provide useful data at times of the year when seasonal
outlooks are reliable and also when strength of the signal of climate indices is low.
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INTRODUCTION
The Chowilla floodplain is located 250 kilometres north -east of Adelaide in the Riverland
region of South Australia, approximately 40 kilometres north -east of Renmark. It straddles the
South Australian and New South Wales borders covering a total area of 17 700 hectares.
Chowilla is one of six sites in the Murray -Darling Basin identified as an Icon Site; and it is
also part of the Riverland Ramsar Wetland. The floodplain contains a complex system of
creeks, wetlands and floodplain habitats including the largest remaining area of River red gum
woodland in the lower River Murray. It also supports a significant population of Murray Cod
and a diverse range of terrestrial and aquatic biota.
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Figure 1: The Chowilla floodplain boundary
As part of The Living Murray Initiative First Step Decision, three broad ecological objectives
were established for the Chowilla Floodplain Icon Site. These are:
To maintain high biodiversity values of the Chowilla floodplain:
High value wetlands maintained;
Current area of River red gum maintained; and
At least 20% of the original area of Blackbox vegetation maintained.
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The Chowilla anabranch, like most of the lower River Murray floodplain is under significant
threat. The accumulation of salt in the soil profile and lack of flooding is causing severe stress
and death of River red gum and Blackbox vegetation over the majority of the floodplain. Only

one third of River red gum trees on Chowilla are currently classified as healthy and it is
predicted that the majority of these will also experience a decline in health in the next 10
years without significant intervention. Other key threats to the Icon Site include obstructions

to fish passage, grazing pressure (which has recently been removed from 83% of the
floodplain) and pest plants and animals.

To combat the threats to Chowilla, an Integrated Natural Resource Management Project has
been established. As part of the project, short-term actions have been undertaken including
weir pool raising and pumping water into temporary creeks and wetlands fringed by River red

gums. Due to the low likelihood of significant flow being returned to the river and the
urgency of the environmental problems, engineering solutions such as groundwater
interception and construction of major flow management infrastructure have been proposed.

These solutions carry potential risks such as increased river salinity and barriers to fish
movement and these are being assessed as part of the investigations.

WHAT WILL HAPPEN IF WE DO NOTHING?
Chowilla contains approximately 3600ha of River red gum forest and 5000ha of Blackbox
woodland. To maintain the health of these high priority areas, flooding is required every 2 -3
years for River red gums and every 5 -7 years for Blackbox. Under natural conditions, a flood
event of 80 000ML /day occurred every 2 -3 years and would provide water to the majority of
the River red gums on Chowilla. An event of that magnitude has not been experienced since
1993. This lack of flooding in conjunction with ongoing salt accumulation in the floodplain

soils has resulted in widespread decline in tree health throughout the floodplain. Recent
surveys by Department for Water, Land and Biodiversity Conservation (DWLBC) and
CSIRO have show the percentage of healthy trees (River red gum, Blackbox and River
coobah) on Chowilla has dropped from 54% in 1993 to 24% in 2006. The distribution of
healthy River red gums is such that virtually no healthy trees remain in areas of the floodplain
away from permanent watercourses. Even trees along permanent watercourses are in decline
as a result of decreasing soil moisture and saline groundwater in the root zone due to lack of
flooding in the last 10 years.

The salt and moisture -stress damage at Chowilla is predicted to get worse because of the
continuing absence of flood events. CSIRO modelling has predicted that, under the current
water regime, approximately 2500ha of River red gums, along with 4500ha of Blackbox on
the Chowilla floodplain will be dead or severely stressed within the next 30 years. While the
lower River Murray has experienced prolonged drought events in the past, the combination of
reduced flooding and elevated saline groundwater at Chowilla is inducing a major death
event. This rapid and ongoing decline in tree health observed at Chowilla may compromise
achievement of The Living Murray objectives for this Icon Site unless a flooding regime to
promote widespread recovery and recruitment is reinstated as a matter of urgency.
The current situation with only 24% of trees in a healthy condition is likely to be a threshold
beyond which permanent damage to the Chowilla ecosystem occurs. River red gums and
Blackbox are keystone species for the system and, as such, once their populations drop to
unsustainable levels a cascade effect will occur where damage will occur to all other species
dependent, directly or indirectly, upon those keystone species. The "do- nothing" scenario is
clearly not acceptable.
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MANAGING SURFACE WATER- INUNDATING THE FLOODPLAIN
It is recognised that the construction of a new flow control regulator will achieve the most
significant environmental benefits for the Chowilla floodplain. Operation of the regulator will
enable regular inundation of between 30% and 50% of the floodplain, or the area equivalent
to a 65 000 -85 000ML /day flow (this flow regime is currently achieved 1 in every 8 years as a
result of river regulation). It is important to note that operation of the regulator would have an
influence beyond the inundated area though lateral recharge, as observed in recent watering
projects.

This option is the only option that will come close to achieving The Living Murray objectives
for the Chowilla floodplain. All other options considered, barely even maintain current levels
of vegetation health. It is the only option that influences the majority of the various habitats
and land units on the floodplain and most significantly, over 60% of the River red gum forest
and woodland will be maintained or enhanced, as well as all of the major temporary wetlands.
The operation of the new flow control regulator could potentially occur at all flows up to
60 000ML /day.

The proposed regulator operated at 19.87mAHD and using only entitlement flows
(5000ML /day) would inundate:
37% of the River red gum forest (influence 63 %);
24% of the Blackbox (influence 34 %);
57% of the Coobah;
46 % of the Lignum;
46% of the samphire;
85% of the grasslands; and
83% of ephemeral creeks and wetlands flowing at 5000ML /day.

Greater benefit from the regulator could be achieved by operating it in conjunction with small
floods where it could increase the area of inundation. The major benefit of the regulator will

be the ability to control frequency and duration of inundation to ensure floodplain
requirements are maintained.

MANAGING ELEVATED AND SALINE GROUNDWATER
The Chowilla floodplain has long been recognised as a major contributor of salt to the River
Murray. In addition to this, rising saline groundwater and soil salinisation, combined with
reduced flooding frequency has led to severe degradation of the floodplain ecosystems.
Management of groundwater is considered critical to the long -term heath of the floodplain.
The Groundwater Management Scheme (GMS) proposed is a multi- objective scheme aimed
at providing both salinity and ecological benefits. Designing a scheme that achieves all of the
proposed objectives would be cost prohibitive, thus the scheme represents a compromise or
`no regrets' proposal. It does not target 100% of the floodplain or post flood salt. However, it
does target key locations in addition to maximising interception of baseline salt loads. It also
has the capacity to lower groundwater (and reduce salt accumulation) over an area of 4000ha
and will improve the health of stressed River red gum and Blackbox vegetation. The scheme
is regarded as being fundamentally important to the long -term sustainability of the floodplain.

It is proposed that the intercepted groundwater be disposed via a disposal main to a newly
developed disposal basin, or via deep aquifer injection into the Renmark Group Aquifer. The
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potential disposal basin sites are located at Rufus River West (a site adjacent to the current
Rufus River Salt Interception Scheme (SIS) disposal basins) approximately 10km east of the
Chowilla floodplain and the proposed 18 Mile Dam Site, approximately 15km north of the
Chowilla floodplain.
Further investigations are underway to determine the feasibility of deep aquifer injection. An
injection pilot trial is due to commence and if the results of the pilot trial are favourable, a
deep injection long -term trial (12 month) will be conducted.

214

TREE CLEARING AND THINNING IN QLD DESERT UPLANDS: ONE OPTION IN
THE QUEST FOR VIABILITY
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ABSTRACT
As part of a larger project to determine "the production and biodiversity costs and benefits of
woodland thickening and mechanical thinning in the Qld Desert Uplands ", data was gathered
from four properties around Torrens Creek and Prairie in Flinders Shire, north -west Qld.

The study properties were all less than a "living area" as per NRM &M standards (1998).
Individual property owners have addressed inadequate property size, and hence inadequate
income, through a variety of strategies including off -property employment, buying or agisting
additional land, improved husbandry practices, and property development, including clearing
and thinning trees.

Of the clearing and thinning strategies considered, clearing of gidgea scrub to establish buffel
grass pastures proved highly profitable. Thinning undergrowth from eucalypt woodlands was
in one instance financially successful and in another unsuccessful.

INTRODUCTION
Recent changes to vegetation management regulations in Qld have focused attention on the
cost to producers of lost clearing opportunities, and of future costs associated with woodland
thickening. A draft report (McCullough et al 2004) for the Productivity Commission,
estimates net present value to producers of future production losses from woodland thickening
at $216 to $219 million, on a 2004 base of 2.13m cattle equivalents.

Whilst the original objective of the Desert Uplands project was to evaluate costs and returns
of clearing and thinning, it soon became clear that land development was only one of several
options available to landholders seeking to achieve viability.

METHOD
The four study properties were selected on the basis of their suitability for biodiversity
studies, with various prior land development histories - cleared, thinned and untreated.
Economic data was collected to determine the profitability of clearing and thinning.

A case study approach was used, comparing what happened physically and financially after
clearing or thinning versus what might have happened without treatment. Herd modelling
using Breedcow and Dynama software (Holmes 2005) is based on owners' estimates of
branding rates, turnoff weights and changes to carrying capacity, all at 2005 prices.

Business growth for each property was described to show how property development by
modifying vegetation is one means among several of maintaining business viability.
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DEVELOPMENT HISTORIES
Buffel pasture on cleared gidgea
In 1983 this 12,500 ha property was purchased from family, and another 2,600 ha of downs
country purchased as a fattening block.

Between 1995 and 1999, 10,400 ha of gidgea/ironbark country were cleared and sown to
buffel grass. The progressive establishment of the buffel pastures increased carrying capacity
and enabled turnoff at heavier weights. Carrying capacity in the undeveloped state was 900
adult equivalents (AE) turning off 175 weaner steers for fattening on the downs block. After
development this increased to 2,500 AE turning off 400 feedlot steers at 400 kg liveweight,
and the downs block was no longer required. In addition, branding rates increased 30
percentage points, from approximately 50% to 80 %, due to better quality pastures. The downs
block was at first agisted, and then in 2001 sold.

Discounted cash flow analysis of development costs and benefits indicates a pre -tax return
(IRR) on extra capital of 28% for a 10 year "life" of the development and 30% for a 20 year
"life ",

not counting enhanced property value from development. The scale of the

improvement was such as to turn the property into a totally viable operation.

Thinning with Crocodile seeder and sowing buffel #1
This 6,400 ha Prairie property was purchased in 1993 with compromised land condition,
principally relating to pasture composition and understory thickening. Steps taken to restore
land condition included wet season spelling and tree thinning.

In 2000, an area of 800 ha of ironbark country was selectively thinned and oversown with
buffel grass using a "crocodile" seeder. The crocodile seeder is a two tonne implement, 5
metres wide, drawn by a D8 Caterpillar tractor, which knocks over and uproots saplings and
woody understory species (esp carissa) while pitting and otherwise breaking up the soil
surface.

The crocodile was pulled slowly (2n4 gear, covering 8 -10 acres/hr) and was successful in
uprooting saplings up to 100 or 150 mm in diameter. Buffel seed was spread at the same time.
Mature trees were left. The result is a treed landscape with vigorous pasture comprising native
species interspersed with buffel.
The thinned paddocks are opportunistically "wet season spelled ".

The carrying capacity of the treated area was assumed to occur in stages, lifting from nil to
one AE per 8 ha in year 2, and thereafter progressively to 1:6 in year 6. While the owner
thought that with careful management, a further increase to 1:4 was possible, there may also
be some recovery of tree basal area from sapling regrowth and ongoing growth of mature
trees left by the thinning. After five years, apparent sapling regrowth is modest. To cover the
range of possibilities, analysis periods of 15 and 25 years are used. Results are in Table 1.

Table l: Likely Economic Benefits from Tree Thinnin
Life of treatment
IRR
Annual equivalent return

15 years
12.5%
$8,000 /yr for 15 yrs
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25 years
14%
$13,600 /yr for 25 yrs

This analysis shows that tree thinning, combined with wet season spelling has been a
reasonable investment, and a contribution towards making the property more viable, however
further such development is prevented by current vegetation management regulations.
In 2003, a neighbouring property of 7,000 ha was purchased.

Thinning with Crocodile seeder and sowing buffel #2
hi 1987 this 8500 ha property was purchased from family. It is run in conjunction with an
8,000 ha "downs" property used for fattening.

In 2002, 400 ha of ironbark country was thinned and oversown with buffel grass using a
crocodile seeder. This was to provide a public demonstration of thinning methods. The
landholder did not consider tree treatment conditions to be ideal at the time and made the
following observations:

Special thinning permit timeframes were not flexible enough to cope with seasonal
conditions
Soil conditions were very dry at the time making tree removal difficult

Machine operating speed was determined by budget and time constraints (aimed to
maximise ha/hour)
Trees snapped off or were laid over rather than being fully removed from the ground
Trees have sprouted from stumps and logs to a height of approximately 4m within 4 years
Treated areas are in close proximity (within 2 km) to cattle watering points

Special management of the thinned areas post- treatment was not possible due to
infrastructure limitations

Carrying capacity of the treated area was assumed to increase from the original 1:16, to 1:8 in

years 2 to 6, then return to 1:16 by year 11. Based on visible regrowth after 4 years, the
thinning treatment was assumed to require re- thinning within 10 years. Analysis based on a
10 year treatment life indicates IRR of negative 2 %.

The owners have since sold their off- property business and are looking to buy more land.

No timber treatment
The fourth property, comprising 16,400 ha plus 2,000 ha of stock route, was purchased from
family in 1982. Carrying capacity is approximately 1,200 AE. Development has been focused

on additional waters and fencing. For a time, some "downs" country was agisted to fatten
steers, but this was given up when it became too expensive. The property has been run in
association with a bore sinking business. At the time of interview, the owner was considering
buying another 46,000 ha of light carrying country, but has since decided not to.

PROPERTY SIZE AND ENTERPRISE VIABILITY
NR &M living area standard (1998) for Flinders Shire "open ironbark forest with gidgee,
bauhinia influence" is 2,500 - 3,000 cattle. For the inferior "ironbark, yellowjack, Spinifex
desert areas of heartleaf poison" it is 2,700 to 3,500 cattle.

A living area is defined as "...the area of grazing ... land that will be adequate to enable a
competent person to derive from the working of the land .... an income adequate to ensure a
reasonable standard of living for the person, the person's spouse and dependent children ....."
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Prior to development, all properties fell short of the NRM &M living area standard. After
development, only the property with extensive clearing of gidgea had clearly achieved the
NRM &M standard. Others will achieve the standard through the purchase of additional land.

These standards are based on the property being the sole source of employment for the family,

which clearly it often is not. All four properties in this study at some time resorted to off property employment to make up the "viability" shortfall.

ACHIEVING VIABILITY
Methods of achieving viability when property size and /or quality are initially inadequate
include:
Purchasing (or leasing) more land locally (i.e. of the same type);
Purchasing (or leasing) fattening country, usually remote from the home property;
Developing country by clearing, thinning or seeding;
Developing by fencing and the provision of extra water points;
Improving livestock performance through husbandry or breeding innovations; and
One or more members of the family working off the property.

If starting from a low base, capital is almost always limiting. Purchasing more land requires
large amounts of (borrowed) capital all at once, and this hurdle may be insurmountable.
Leasing or agisting country avoids the large capital expenditure, and may enable a progressive
build up of cattle numbers in anticipation of an eventual purchase.
Developing country can be done and financed in stages of as little as a few thousand dollars.
Husbandry improvements can be made incrementally, and do not require extra livestock.
Working off the property can be wages work or running another business. Off -property work,
by reducing the labour available for stock work, may also affect how the cattle are managed.
Circumstances and strategies employed by the study properties are shown in Table 2.

`Table 2: Comparison of Case Study Properties
Property

A

Base area (ha)
Year of purchase
Additional area
(AA)

12,500
1983
2,600 ha
(sold 2001)

Distance to AA
AA post 2005

300 km

Carry Capac 1995
CC 2005 with dent
CC post 2005
Branding %
Steer turnoff
Gross margin/AE
Timber
development

Nil
1,200
2,500
2,500

50% -i 80%
400 kg cr 2yr
$203
Cleared 10,400

ha 1995 - 1999

7,000 ha
(bought 2003)

C
8,500
1982
8,000
(since 1980)

Joining
Nil

160 km
Looking

1,240
1,370
1,900
66%

1,300
1,325
1,300
72%

400 kg @ 2yr
$147
800 ha
Crocodile
2000

225 kg @13m

B
6,400
1993
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$138

400 ha Crocodile
2002

D
18,400
1982
Agistment for 300 400 steers, 20012003
300 km

Considered
adjoining block
1,200
1,200
1,800
54%
180 kg @ 10m
$121

Nil

Property

A
See below

B

Future development

Vegetation
Management
compensation
($100,000)

Applied for
stylo
development
and fencing.

Other employment

Local PO &
phone
exchange 1976-

Will apply for
new stock
water and
fodder storage
facilities.
Dozer hire incl
laying pipelines
& fencing

Purchased
neighbouring
property 2003

1986

Table

1

C
Sold carrying
business 2005.
Looking for more
land. Also see
below.
Applied to buy
buffel seed for
red sandy country
and to put in
laneways.
Trucking
business (sold
2005) for 40

D

Additional stock
water points and
dam cleaning.

Received compo to
buy front end loader
for dam cleaning,
also poly tanks and
troughs.
Bore sinking
business (1/3 of yr)

wks /yr.

reveals the generally inadequate starting size of the study properties, and the

strategies employed by owners to ensure viability. In all instances, property income has been
supplemented with off -property work. All have combined, or are about to combine, their
properties with another block through purchase or agistment - better "downs" country some
distance away or more of the same but close by for easier management. Three of the four have
cleared or thinned, while the fourth has developed by putting in more waters and fences.

CONCLUSIONS
Unifying themes for the four properties in this project were the historical inadequacy of
property size and the need for fattening country.

Clearing gidgea and establishing buffel grass was highly successful, enabling an increase in
carrying capacity while turning off fat cattle. The analysis indicates almost a quadrupling of

property gross margin and a return on additional investment (IRR) of 28 -30 %. This
development transformed the property into a viable stand -alone operation.

Thinning with the crocodile seeder was successful for one property, but not for the other,
suggesting that thinning timing and method and post -thinning management are critical.

In response to inadequate property size (or stock numbers), owners have ensured a return on
their own time through a variety of means. All have had off -property employment, and all
have had or are considering buying additional areas.

In the face of more restrictive vegetation management regulations, woodland thickening can
be expected to diminish carrying capacity of Desert Uplands properties. Maintaining or
achieving viability will mean an increased focus on land purchase or agistment in conjunction

with improved cattle husbandry, development other than clearing or thinning, and a
continuation of income -seeking off the property.

Even with these other options for business growth, woodland thickening will progressively
render existing and new Desert Uplands properties less productive pastorally, hinder the
implementation of progressive cattle husbandry, and make properties more costly to run.
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ABSTRACT
We estimate that almost 80% of the landscapes of the Gascoyne Catchment have become
severely degraded since the introduction of ungulate grazing animals -150 years ago. This
indicates a trend of continuing degradation since the first assessment in 1969 -1971. The

degradation is most severe in the most productive and ecologically critical parts of the
landscape, and the degrading processes now entrained in the landscapes will continue without
specific management interventions.

A model of impacts of grazing and trampling on these Gondwanan landscapes highlights the
importance of understanding their resilience and determining thresholds of change.

The Ecological Management Understanding (EMU) approach to understanding landscape
processes and assessing landscape condition can also underpin attempts at halting and
reversing degradation (Pringle and Tinley 2001). Examples of the EMU approach from the
Gascoyne catchment are given. It is suggested that the EMU approach to understanding key
landscape processes and their remediation is applicable throughout the state's rangelands, and
Australia -wide.

INTRODUCTION - THE GASCOYNE CATCHMENT
The Gascoyne catchment is a major part of the southern rangelands of Western Australia. The
liophysical characteristics of the catchment have been described by Tinley (in press). For the
)urposes of this paper, we are referring to the part of the catchment above the confluence with
he Lyons River, to be consistent with the previous assessment of Wilcox and McKinnon
1972).

['he Gascoyne catchment was opened for pastoral use in the 1870s. This early use involved
hepherding along watercourses (Watson 2004). In the -150 years since those pioneering
lays, numbers of sheep in the Gascoyne peaked above 800,000 DSE (1910/11), and have

;radually fallen through successive drought events to between 200,000 and 300,000,
lepending on the run of seasons. This is despite the improvements in access to water. Cattle
re now tending to replace sheep (2001 data: 32,500 cattle, 80,000 sheep (= 340,000 DSE).
'urther, it was estimated in 2001 that there were around 360,000 unmanaged feral goats in the
atchment (Woolnough et al. 2004)(= 360,000 DSE). These add a new dimension to grazing,
rowsing and trampling impacts because of their sheer numbers, and because they can survive
t greater distance from water than sheep and exhibit a preference for rocky outcrops and
alophytic shrublands. The burgeoning population of feral goats are severely degrading those
ortions of ecosystems and landscapes hitherto little affected by sheep and cattle.
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LAND DEGRADATION
Severe flooding at Carnarvon in February 1961 prompted a request for an evaluation of land
degradation in the catchment of the Gascoyne River, which might have contributed to that
flooding. The consequent detailed survey and assessment, conducted from 1969 -1971 by
Wilcox and McKinnon, reported 3,634 square miles (9,412 km2) or 14.9% of the survey area
to be "badly eroded and will become irreversibly degraded unless removed from the available
grazing area," and a further 12,803 square miles (33,160 km2) or 52.5% to be "degraded and
have some erosion. They need careful use if they are not to degrade further." They found that
only 7,944 square miles (20,575 km2)(32.6 %) were in an acceptable condition, and noted that
this is mostly hill or stony short grass country (Wilcox and McKinnon 1972). In other words,
most of the degraded land is on the lower pediment slopes, run -on plains and that in close
proximity to wetlands and drainage lines, the land with most productive potential and also
important for biodiversity. Wilcox and McKinnon recommended that stock numbers be
reduced from 416,833 to 237,290 DSE to prevent further erosion and to assist rehabilitation.

The assessment by Wilcox and McKinnon was thorough, and they noted a very substantial
amount of degradation (total 67.4 %). But it was undertaken after 100 years of pastoral

activities in the catchment. It is possible, therefore, that certain aspects of the original
landscapes and vegetation had already changed beyond recognition by the time of their
assessment. As an example, the eminent botanist, J.S. Beard was also working in the
Gascoyne area 1963 - 1974 doing field work for his project to map the pre -European
vegetation of Western Australia. hi the Ashburton catchment, immediately to the north of the

Gascoyne, Beard made special note of a "rather remarkable dwarf scrub" in which the
Acacia's are reduced to a few stunted specimens so that species of Senna and Eremophila
dominate the vegetation (Beard 1975). Beard noted that the landscapes on which this
vegetation type occurred were highly degraded as a result of grazing and trampling by
introduced stock. In the course of our field work, we have resurveyed areas of this vegetation,
and found that it was formerly a tree scrub of Acacia xiphophylla and A. cuspidifolia with a
chenopod shrub layer both of which would normally indicate good grazing country. However,
it had been degraded to the point where the previously -dominant Acacias had been grazed out

and died and only the discovery of a few residual stumps provide evidence of the original
vegetation beneath the now predominant cöver of unpalatable cassias and poverty bush.
On the basis of our field work over the past six years, we consider that the entire Yinnietharra
Hills Natural Region of Beard (1975, 1976) which contains the Yinnietharra, Phillips and
Durlacher rangelands types of Wilcox and McKinnon (1972) to now be degraded to the point
of unrecognizability over large areas. This represents a total area in the Gascoyne Catchment
of 16,550 km2 (24% of the catchment).

The assessment by Wilcox and McKinnon was based on site and traverse observations but
largely ignored landscape -scale processes. In contrast, we have argued the necessity of
considering the interactions of component land units within land systems, and interactions of
topo- sequences of land systems within a catchment (Pringle and Tinley 2003). The conceptual
model of rangelands function described by Pringle and Tinley acknowledges the potential for
massive ecosystem change driven by base -level incision, accelerated head -ward gully erosion
and lateral sheeting, which is observed to be widespread across arid Western Australia.

Based on this alternative geo- ecological model of land degradation, extensive field work
throughout the region, and using 2002 Landsat TM imagery, we have mapped the extent of
degraded land throughout the same area of the Gascoyne catchment surveyed by Wilcox and

222

McKinnon (1972). We estimate that 53,528 km2 or 77.9% of the Gascoyne Catchment is now

severely degraded, showing loss of all or the majority of topsoil, exposure of impervious
hardpans, declining soil moisture balances, decline in recruitment of palatable perennial plant
species and ongoing woody weed encroachment. The degradation is most severe in the most
productive and ecologically critical parts of the landscape. Much of the degradation is
irreversible, and the degrading processes now entrained in the landscapes will continue
without specific management interventions. The degradation has severely reduced productive
values and, we suggest, it has also reduced biodiversity values across the catchment.

Our areal estimate of the extent of land degradation in the Gascoyne catchment is only
marginally greater than that of Wilcox and McKinnon (1972), suggesting that the situation
has not deteriorated greatly as a result of the past 30 years of continued pastoral use.
However, it is our contention that the 52.5% of the catchment that they reported to be
"degraded and have some erosion" has now become more severely degraded. And, as noted
above, the degrading processes now entrained in the Gascoyne landscapes will continue
without specific management interventions.
Production data suggests that the majority of the landscapes in the Gascoyne catchment have
crossed the threshold of condition above which they would be able to maintain their original
productive (and biodiversity) values, and have reached a new equilibrium. However, these
data do not include the substantial number of feral goats that, we contend, are contributing
significantly to on -going degradation. Further, the impacts of the level of degradation are now
masked by the substantial areal spread of buffel grass in the lower catchment, the general
transition from sheep to cattle, and improvements in access to water. Certainly buffel grass
has the potential to lead to further declines in biodiversity values because of its capacity to
out -compete native plant species and to carry fire into sensitive riparian and bottomland
chenopod habitats. The strong germination of annual grasses following recent heavy rains
may also conceal the extent of the degradation visually and in terms of pastoral productivity;
however, biodiversity and other values may not respond as positively to these recent changes.

RESPONSES
Over the past six years, we have worked with pastoralists and other land managers throughout

the Gascoyne catchment (and beyond) through the EMU (Ecosystem Management
Understanding) project, established as a part of the Gascoyne- Murchison Strategy (Pringle
and Tinley 2001, Pringle et al. 2003). The principle objective of the EMU project was to build

capacity amongst those living and working in the rangelands to manage these lands
sustainably (cf. Stafford Smith, et al. 2000).

The landscape process approach of the EMU project focuses on protection and restoration of
catchment integrity. By catchment integrity we mean the capacity of a catchment's drainage
patterns to shift from tributary to distributary, to maintain relatively slow flow at key -lines on
valley slopes, and for relatively high residence times of precipitation across the landscapes
especially in wetlands and floodplains. In general terms, this means that a high proportion of
rainfall will be available for plant growth and production, and for biodiversity conservation
purposes, within the parts of the landscape where it falls.

A set of guiding principles for restoration of catchment function, based on EMU principles,
will be provided. These have been developed from theory and through practical experience of

restoration of degraded areas of pastoral leases in the southern rangelands of Western
Australia. Within the Gascoyne, a number of station owners have de- stocked and begun
restoration works focussing on rain retention and redistribution; recovery methods that have
already resulted in extraordinary plant growth responses.
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ABSTRACT

Cattle distribution data from GPS collars, and spatial patterns of defoliation and pasture
productivity are being used to compare the effectiveness of reducing paddock size to that of
installing additional water points in large paddocks, to spread grazing pressure more evenly
across the landscape. Uneven grazing distribution is a common problem in extensive savanna
rangelands, causing poor overall forage utilisation, localised areas of very heavy use, and
rendering many grazing management practices ineffective. Achieving more even landscape
use is seen as an integral part of sustainably increasing livestock production. Early results
indicate that smaller paddocks are more effective in achieving greater use of the landscape as
a whole. However, within smaller paddocks, preferred areas remain the focus of much grazing
activity, highlighting the need for additional ways of minimising these grazing impacts.
INTRODUCTION
Uneven grazing of the landscape by cattle is a familiar problem in the tropical savannas of

northern Australia. This patchy use results in poor overall forage utilisation and the
development of localised areas of very heavy use. Cattle consume only an estimated 10% of
annual forage production on many properties (S. Petty, unpublished data), with this mostly
being obtained from limited areas that are heavily grazed. Since utilisation rates of between
20 and 30% are considered sustainable (McIvor and Gardener 1995) many pastoralists view
this ineffective use of forage resources as a loss to the grazing enterprise. In those areas that
are heavily used, palatable perennial grasses are lost and the area of bare soil and rate of soil
erosion increase. Uneven grazing also reduces the effectiveness of the grazing management
practices commonly considered necessary for achieving ecological and economic
sustainability such as conservative stocking rates and grazing systems that involve periods of
rest, because they are subject to localised overuse by livestock within large paddocks in many
rangeland systems (e.g. Hunt 2001).

Improving the evenness of grazing across the landscape is regarded as a key element of
pastoral intensification in northern Australia and potentially offers two main benefits. Firstly,
it is expected to produce more effective use of pasture resources, and is thus seen as a key

option for attaining greater productivity. Secondly, minimising the area within paddocks
subject to heavy use is regarded as an important element of ecologically sustainable grazing
management.
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Cattle use the landscape unevenly in part because of the extensive and relatively undeveloped
nature (in terms of subdivisional fencing and water -points) of cattle enterprises in northern
Australia. Because cattle need to return to water regularly their grazing range is limited, and
their preference for particular landscape elements such as areas with preferred plant species
means they will not necessarily use all areas within large paddocks. Reducing paddock size
or, alternatively, installing additional water points in large paddocks are two potential options
available to pastoralists for managing grazing distribution. However, many biotic and abiotic
factors influence the way cattle use landscapes (Stuth 1991) and may limit the effectiveness of
these two approaches.
This paper presents preliminary results from a project that is investigating the effectiveness of

these two approaches for achieving more even grazing, and whether there are benefits to
livestock production and ecological sustainability from more even use. This work is being
conducted as part of the Pigeon Hole Project, a major grazing study on Pigeon Hole Station in
the Victoria River Downs district of the Northern Territory. The study began in mid 2003.

METHODS
Pigeon Hole Station is located towards the southern drier (approx. 600 mm p.a.) limit of the
tropical tall -grass savannas. The study area is part of the Wave Hill land- system, comprised of
gently undulating deep cracking black clay soil intersected by occasional creek lines (usually
dry), and is only sparsely wooded. The ground layer vegetation is a mix of perennial grasses
(e.g. Astrebla, Chrysopogon and Aristida spp.), annual grasses (e.g. Iseilema spp.) and
perennial and annual forbs.

Three paddocks are included in this part of the study, and these represent substantially
different configurations to usual industry practice. The largest paddock is approximately 57
sq. km with five water points. This is about half the size with roughly twice the number of
waters of most commercial paddocks in the region. Another study paddock is 34 sq. km with
two waters, and the smallest paddock is 9 sq. km with a single central water point. This
paddock and water point configuration was established just prior to the study commencing,
although the land was within larger paddocks subject to grazing before the study.

Use of the landscape within these paddocks by cattle (breeding cows) is being monitored
using cattle collars fitted with global position systems (GPS), and on- ground assessment of
pasture defoliation. Impacts on pasture composition, patchiness and productivity and livestock
production are also being assessed. At this early stage no consistent differences are apparent

in pasture or livestock productivity variables between the paddocks so these data are not
presented. Data from the GPS collars are the basis of the results presented here. Since the
results are preliminary, and the study is ongoing, some points are illustrated with single
examples, but these are more broadly representative of the results to date.

GPS collars were fitted to 2 -4 cattle per paddock for periods of six months (i.e. for each dry
and wet season) over the last 2 years. The collars store a GPS fix every hour and record lateral

and vertical head movements to enable discernment of grazing, travelling and resting
activities at each fix (although the results presented include all activities). At each biannual
muster the data is downloaded and the collars are redeployed on different cows. Cows are
selected randomly within the limits of the station manager's preferred pregnancy status and
body condition score for cows for that time of year. Cows are returned to the same paddocks
from which they came.
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RESULTS
We compared the home range of collared cows with the area nominally available to them
within a paddock (i.e. paddock size) to provide a coarse measure of the effectiveness of their
use of the landscape. Home range is the area used by an animal as it goes about its usual
activities of grazing, watering, resting and so on. We estimated home range for each collared
cow for each period using the 95% minimum convex polygon method.
Cattle home ranges more closely matched paddock size in smaller paddocks than in larger
ones with relatively even water distribution (Fig. 1), suggesting that smaller paddocks are
more likely to improve the effectiveness of landscape use as a whole. However in larger
paddocks, because some cattle use different areas to others, landscape use is more effective
than the individual home ranges suggest. Nevertheless, small paddocks appear to be more
effective in increasing livestock access to pasture resources because cattle are forced to use
more of the landscape.
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Figure l: The effectiveness of landscape use by cattle for three paddock size /water point
configurations
Effectiveness is determined as the ratio of individual home range to paddock area. See text for
paddock details. Each point represents one cow for a six -month period.
However an inspection of the GPS data for individual cattle reveals that, while there is a good

general spread of activity within small paddocks, areas of concentrated use do occur (see
Figure 2 for an example). Not surprisingly, water points are a focus for cattle in our study, but

of greater importance is the tendency for cattle to show preference for other areas, such as
riparian zones and areas of red and intermediate soil within the broader matrix of black soil.
As a result, the objective of reducing the incidence of concentrations of grazing use by
reducing paddock size is not achieved as effectively as anticipated. It should be noted that use
of riparian areas and intermediate soils has decreased, and for other areas it has increased, as
the study has progressed. Work is continuing to better understand these observations.

DISCUSSION
These preliminary results suggest that, while more even and therefore more effective use of

the landscape as a whole can result from subdivision of the landscape compared with
installing additional waters in large paddocks, uneven use can still occur within smaller
paddocks. This might result in adverse impacts on those areas that experience higher grazing
pressures. Additional management action appears necessary to minimise these impacts.
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3 km

Figure 2: An example of use of the smallest paddock by one cow over six months
Each dot represents an hourly GPS fix. Riparian areas are indicated by heavy lines. Activity is
concentrated in a riparian area in the south east and on red and intermediate soils elsewhere.

Other management options for improving grazing distribution within smaller paddocks could
include the use of fire to remove preferred patches or attract cattle to less preferred areas
(Andrew 1986), or perhaps using behavioural principles to alter cattle behaviour. Regular
monitoring of grazing impacts and appropriate management responses are also crucial.

Whether land condition and livestock production benefit from smaller paddocks and more
waters remains unclear. One question of interest is whether larger paddocks that have good
water distribution offer production advantages over smaller paddocks because cattle can select
a higher quality diet. Furthermore, we will need to establish whether any improvement in
production and associated financial returns outweigh the costs of the additional infrastructure
required. Answers to these questions should become clearer as the study progresses.
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ABSTRACT
This study reviewed and evaluated different groups of satellite image -based vegetation indices
for estimating vegetation cover in southern arid rangelands of South Australia. Slope- based,
distance -based, orthogonal transformation, and plant -water sensitive vegetation indices were
calculated from Landsat Thematic Mapper (TM) sensor data. These indices were compared
with vegetation cover data collected by the SA Pastoral Management Branch (PMB) as part of
the Pastoral Lease Assessment program. Relationships between vegetation cover and various
vegetation indices were compared using linear regression at two different scales: landscape
scale involving a range of land types present within an entire Landsat scene, and within
selected land systems. Among the different vegetation indices, Stress Related Vegetation
indices from the group of plant -water sensitive vegetation indices showed the most significant
relationships with vegetation cover at the 95% confidence level at both landscape and land
system scale. It was generally observed that the estimation of vegetation cover within land
systems was more accurate than across land systems.

INTRODUCTION
One of the widest applications of remote sensing is vegetation monitoring and assessment via
vegetation indices (Bannari et al., 1995). However, most of the commonly used vegetation
indices have been shown to be inappropriate in arid and semi -arid land of Australia (O' Neill,
1996). The aim of this study was to evaluate the suitability of vegetation indices derived from
Landsat Thematic Mapper (TM) imagery as an adjunct to field methods for assessing and
monitoring vegetation cover in southern rangelands of South Australia. Using these image -

based methods may overcome some of the limitations of field methods as a means of
documenting and monitoring land condition; the time and cost of data collection, the potential
error in observations and the difficulty of extrapolating beyond sample points.

METHODS
Study area
The study area was located in the Kingoonya Soil Conservation District in the southern
rangelands of South Australia (figure 1). The region lies within latitudes 29 30' S and 31 30'
S and within longitudes 133 00' E and 136 00' E. The Kingoonya District covers an area of
65, 815 km2. The climate in this area includes hot summers and cold mild winters. Rainfall is
variable from year to year, with an average annual rainfall varying from less than 150 mm in

the northeast to around 200 mm in the southwest and is among the lowest in Australia
(Kingoonya Soil Conservation Board, 1996). The Kingoonya District includes many different

land systems, vegetation communities and some salt lakes. The study area comprised 10
different land systems falling within the 34, 000 km2 covered by a full Landsat scene.
Buckshot and Gina land systems that were studied in more detail are described in Table 1.
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Figure 1: Location of study area within Kingoonya Soil Conservation District

Table 1: Summary description of Buckshot and Gina land system
Department of Water, Land Biodiversity and Conservation, 1991)
Description
Land system
Mt Eba buckshot gravel plains. Plains of mulga low open woodland with dead
Buckshot
fmish, emubush and low bluebush; gilgai plains of cottonbush with Mitchell grass,
neverfail, some saltbush and bluebush; mulga woodland watercourses with dead
finish and emubushes.
Gina

Extensive sandy calcareous plains. Calcareous plains of pearl bluebush low
shrubland with hopbush and cassia; sand spreads of mulga open woodland over
cassia and grasses; run -on flats of mulga and dead fmish over grasses.

Field and satellite data
The vegetation cover data used in this study was collected by the Pastoral Management
Branch (PMB) as part of the first land condition assessment at permanent monitoring sites
throughout the District in 1991. The vegetation cover was recorded using the step -point
technique with minimum 500 points or hits. In order to coincide satellite data with the
collection of vegetation cover data, a full scene of Landsat Thematic Mapper (TM) (path 100
row 81) from 20 October 1991 was acquired, radiometrically corrected and geometrically
rectified to Australian Map Grid coordinates.

Vegetation indices
Vegetation indices are combination of spectral bands from remote sensing instruments that
provide information about vegetation cover on the ground. Actively growing photosynthetic
vegetation displays strong absorption in red visible wavelengths and high reflectance in the
near -infrared part of the electromagnetic spectrum. This strong contrast in red and near
infrared of the electromagnetic spectrum has been the basis for developing many different
vegetation indices. The first vegetation index was produced using the near - infrared/red ratio
for separating green vegetation from soil background. Since then, different vegetation indices
have been produced, modified, analysed, compared and classified (Bannari et al., 1995). In
this study we have grouped vegetation indices into four groups: group one which is based on
the contrast between red and near - infrared (slope -based), group two which is based on
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perpendicular distance from soil line in multispectral space (distance- based), group three
which involves orthogonal transformations of a number of multispectral image bands
(orthogonal transformations), and group four which include visible red, near -infrared, mid infrared and short-wave bands which are thought to be sensitive to plant water content (plant water sensitive). Definitions of the different vegetation indices that were evaluated are given
in table 2. Data from 40 monitoring sites was used to assess relationships across the extent of
the entire Landsat scene, while 8 and 19 sites were used in Buckshot and Gina land systems,
respectively. Each of the monitoring sites was located on the rectified vegetation index image
and then we extracted average pixel values for each of the vegetation indices within a 150 m

buffer around the sites. To examine the relationships between vegetation indices and
vegetation cover simple linear regression was used.

Table 2: Vegetation indices applied to 1991 Landsat scene
Vegetation index
group

Vegetation
Index

Group 1
(Slope- based)

Simple
Normalised
Difference
Soil Adjusted -A

Acronym

Formula

Landsat TM bands

SVI
NDVI

N1R/R
(NIR-R)/(NIR+R)

4/3

SAVI -A

[(NIR- R) /(NIR +R +L)]
x (L +1)

[(4- 3)/(4 +3 +0.25)]

(4-3)/(4+3)

x1.25

L= Soil adjusted factor
Group 2

(Distance- based)

Group 3
(Orthogonal
transformations)

Perpendicular
Vegetation

AxNIR- BxR

PVI -3

Ax4 -Bx3

Perpendicular
Distance

PD54

Soil Stability
Index

SSI

Soil Brightness
Index
Green Vegetation
Index

SBI

Stress Related -1

STVI -1

A= the intercept of soil
line
B= the slope of soil line
Perpendicular distance
from soil line toward
vegetation line
Perpendicular distance
from soil line toward
vegetation line
Orthogonal
Transformation
Orthogonal
Transformation
(MIRxR)/NIR

Stress Related -3

STVI -3

NIR/(R+MIR)

4/(3+5)

Stress Related -4

STVI -4

MR-

4-(3 x5)14+5

MSVI-1
MSVI-2
MSVI-3

(RED xMIR)/NIR+MIR
NIR/M1R
NIlZ/SWIR
NIR/(NIIR+SWIR)

4/5
4/7

Index -3

GVI

2v3

2/4 v 3/4

All bands except band 6
All bands except band 6

(5x3)/4

Group 4
(Plant -water sensitive)

Mid- infrared -1
Mid- infrared -2
Mid- infrared -3

4/(5 +7)

RESULTS
Across land systems, all the slope -based vegetation indices were significantly correlated with
vegetation cover (p <0.05). Among distance -based and orthogonal vegetation indices, the Soil
Stability Index had no significant relationships with vegetation cover. Plant -water sensitive
vegetation indices showed varying strengths of relationships with plant cover. The Stress
Related Vegetation Indices (STRV -1 and 4) were significantly correlated with vegetation
cover data.

231

Within land systems, there were stronger relationships between vegetation indices and
vegetation cover than across land systems. This may result from low spectral variations within
land systems. In Buckshot land system, the STVI -1 showed significant correlation (r2 >0.88)
with vegetation cover, followed by the Soil Brightness Index (SBI) (r2 >0.82) and STVI -4

(r2 >0.78). In Gina land system, the Green Vegetation Index (GVI) correlated best with
vegetation cover (r2 >0.74), followed by STVI -4 (r2>0.66).

DISCUSSION
It was generally observed that the estimation of vegetation cover at land system scale was
more accurate than at broader landscape scale. Although distance -based and orthogonal
vegetation indices have been designed for use in sparsely vegetated areas, they appear to be
less applicable than slope -based indices in areas with high spectral variations (across land
systems). Another difficulty with distance -based vegetation indices is that selecting
appropriate soil and vegetation pixels for determining the slope and intercept of a soil line
makes this group more subjective than other vegetation indices. In contrast with other
vegetation indices, the Stress Related Vegetation Indices (STVI -1 and 4) showed relatively
high to very high correlations with vegetation cover at both landscape and land system scale.

CONCLUSION
This study reviewed and tested the different groups of the vegetation indices and found that
the STVI -1 and STVI -4 performed better than other indices in this arid environment of South
Australia. They appear to be less sensitive than other vegetation indices to different soil and
vegetation types in various land systems. Thus, this study proposes these vegetation indices as
an appropriate adjunct to field methods in assessing and monitoring of vegetation condition.
These indices can be applied to images from different times to detect changes in vegetation
cover over time.
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ABSTRACT
A national germplasm collection and evaluation of two of the three recognised subspecies of
Atriplex nummularia (Oldman Saltbush) i.e ssp. nummularia and ssp. spathulata is being
undertaken.

Seed and plant specimens have been collected from populations of A. nummularia ssp.
nummularia and spathulata from across their geographical range.

Herbarium voucher specimens from each location and fresh leaf specimens for DNA analysis
have been collected and will be examined as part of a taxonomic review.

Depending on the results of subspecies and provenance trials it is proposed that a plant
improvement program be undertaken to produce one or more fully commercial cultivars.

INTRODUCTION

Figures released by the National Land and Water Resources Audit 2001 suggest that
approximately 5.7 million hectares of agricultural land are currently affected or are at risk
from dryland salinity with this area expected to increase.

FloraSearch as part of sub -program 3 of the Salinity CRC for Plant -based Management of
Dryland Salinity is investigating potential woody fodder plant species which can be used to
remove water from recharge areas or grow in highly saline landscapes. The majority of

pasture cultivars currently available do not tolerate the combined effects of salt and
waterlogging. A. nummularia, a halophyte, has been listed as having the desirable attributes
of being able to survive in saline conditions and has efficient water use (able to utilise ground
water), feed value and relatively high quality biomass production.
A. nummularia spp. naturally occur in the arid and semi -arid rangelands of Australia, where
they have long been considered by graziers as an important fodder plant (Beadle 1948). Their
distribution ranges from predominantly summer rainfall incidence in the north of their range
to winter incidence in the south and on a variety of soil types from mainly clays to sand. A.
nummularia subspecies particularly ssp. nummularia have also been used for decades in soil

conservation programs mainly south of the Tropic of Capricorn, in southern Australian
cropping systems and in other countries such as Morocco, Chilli, and South Africa as stock
fodder.

While, commercial cultivars of Oldman Saltbush are available e.g. De Kock and Eyres Green
Giant with some improvement in growth form, palatability and nutritional value there is still
scope for greater improvement using a larger genetic base. There has not been a systematic
attempt at plant improvement with this species in Australia despite its widespread adoption as
a grazing species. As Oldman Saltbush is an outbreeding species producing considerable

genetic variation (Rogers et al, 2005, Loch et al, 2003), there is immense potential using
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genetic material from across its geographical distribution to select for improved traits such as

forage value and palatability, increased biomass production, ease of establishment, salt
tolerance and lower salt content leading to much wider cultivation of this species than
currently exists.

OBJECTIVES

Establish a national germplasm collection for two of the three subspecies of A.
nummularia from across its natural range.
Acquire new knowledge about the taxonomy of A. nummularia ssp.

Develop one or more fully commercial cultivars of A. nummularia for low to medium

rainfall agricultural areas of southern Australia to a) assist in controlling recharge
associated with dryland salinity, b) improve salt tolerance and c) provide a robust
palatable high protein perennial shrub for incorporation into southern cropping systems.

METHODOLOGY
Seed from twenty individuals of eleven provenances of A. nummularia ssp. spathulata and
eighteen of A. nummularia ssp. nummularia have been collected. Every attempt has been
made to sample populations from different soil types in areas of similar rainfall pattern and to
sample individuals from across the distribution of a population to capture most of the gene
pool.

For every provenance, information was recorded on soil type, landform and vegetation with
each individual being tagged and photographed and data recorded on grazing impact, size,
growth from and their location recorded using GPS.

A sample of seed from each individual has been stored at the Genetic Resource Centre in
Adelaide with the remainder being propagated by a commercial nursery in WA. Plant voucher

specimens from each provenance have been lodged with the South Australian State
Herbarium and leaf DNA samples are being analysed for genetic variability.

Subspecies and provenance trials will be undertaken in three states (NSW, SA & WA) to

evaluate the saltbush for desirable characteristics such as nutritional value, chemical
composition, palatability, growth form and salt tolerance.

PARTICIPATING ORGANISATIONS
This is a Salinity CRC and Joint Agroforestry funded project in partnership with NSW DPI,
Dept of Conservation and Land Management WA, SA Dept of Water, Land and Biodiversity
Conservation, South Australian Research and Development Corporation and Vic DPI.
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ABSTRACT
A process for estimating long term carrying capacities (LCC) for the land types of the Desert
Uplands (DU) has been developed. This project has married the practical wisdom of long

term land managers with the technical knowledge of officers from three Queensland
Government agencies to calibrate pasture growth models. Case studies, involving use of the
LCC in business planning were worked through with several properties. This information has
been very useful for the implementation of a Grazing Land Management training program.
We have worked with the Desert Uplands Build -up and Development Strategy (DUBDSC) to
begin to address grazing land management issues. DUBDSC has documented viability and

sustainability issues for the population and land within the DU, and the need for LCC
information and property management planning.

INTRODUCTION
The aim of the DUBDSC is to increase the viability and sustainability of the population and
land within the Desert Uplands (DU) region. It has done this through encouraging sustainable
management practices and facilitating property build -up (as many properties areas are
unviable).

The DU bioregion is bounded by the Mitchell grass to the west and the Brigalow belt to the
east. Spinifex (Triodia spp.) is abundant and the soils are generally sandy and low fertility.
The DU is a key bioregion as much of the woodland is intact and so provides a corridor
between the western grasslands and the eastern woodlands. However estimates indicate that
up to 70% of the DU is displaying a decline in land condition (loss of perennial grasses, soil
erosion), and this compromises both its conservation value and long -term grazing value
(DUBDSC, 1996).

Sustainable management of grazing lands requires an objective and dynamic means of
assessing LCC. Use of the procedure for the land types of the DU requires calibration work
with the GRASP model and on -farm testing. An LCC procedure customised to the DU will
provide beef producers with an integrated measure, or benchmark, of the property's likely
capacity to support grazing on a paddock by paddock basis. This will benefit producers by
providing a tool that implicitly accounts for variation in rainfall and land type.

METHODS
1. Create awareness, encourage participation and report results
Land management field days and public meetings were held across the region. Together with
colour brochures and media interviews, the project objectives were promoted and explained.
Workshops were held across the region to report results.
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2. Development and testing of the procedure
Development of a Land Type Framework
Development of a land type framework (LTF) for the DU is a necessary basis for the LCC
procedure. Land types are manageable units of land, readily recognised by land managers as
having distinct soil, vegetation, landform and productive capacity. Physical description and
identification of the land types was based on land unit mapping (Lorimer, 2003), and
consultation with industry and land management agencies.
Calibration of pasture growth models
Calibration of the core models in the GRASP pasture production models (McKeon et al.
1990) for representative land types involved on-property refining using the wisdom of
experienced land managers in the area. The promotional work and proactive talks with the
DUBDSC led to a comprehensive list of co-operator properties, which was later refmed down
to 9. The calibration process involved these properties (Figure 1), which had land types
representing the majority of the DU.

Desert Uplands, OLD, Location of cooperating properties

o_125250
500 _ _750
1.000
______
_
·····_
·····_
····--.l
.. ··, KHomelers

Figure 1: Location of co-operator properties in the DU, QLD

Cooperating properties were visited and land types, paddocks, permanent water points, tree
density and land condition were mapped. Land condition was based on the definitions of
Chilcott et al. (2004). LCC was calculated with a safe utilisation level for the land type
pasture growth for a given tree density, discounted for declining land condition and distance
to water. Comprehensive interviews are then conducted with the owner on their estimates of
LCC and supporting information. Implementation of the LCC information within property
management planning framework will be demonstrated with case study properties
demonstrating strategic decision making in grazing management and infrastructure
development. The LCCs, land type framework and case studies will be of critical importance
for the development of a collaborative project where a Grazing Land Management education
program is being developed specifically for the DU region (Quirk et al. 2002).
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RESULTS
1. Create awareness, encourage participation and report results
The promotional work and proactive talks with the DUBDSC led to a comprehensive list of
co- operator properties, which was later refined down to 9. The promotional work also helped

to address potential sensitivities with government agencies being involved with LCC
procedures. The quality of the field days and the usefulness of the information were given a
very high ranking by attendees who completed a written evaluation. All participants thought

that long term carrying capacity assessment would assist with property planning and
management.

2. Development and testing of the procedure
Development of a Land Type Framework
The LTF was found to be appropriate to the 9 cooperating properties, and was also consistent

with Local Best Practice information (Clarke et al. 1992).

Thirteen land types were
developed. The 9 properties comprised the dominant land types in the DU. Land condition
across the 9 properties for the A, B, C and D condition was 46, 39, 14 and 1% respectively.
Calibration of pasture growth models
Models were generated for each land type and LCCs were calculated and checked against the
owner estimates (Table 2.). LCCs are expressed in hectares per Adult Equivalent (ha /AE).
Property D and H had a considerably higher estimate of LCC than the calculated value. This

may be due to the areas of C and D condition land that the owner has not discounted the
estimate of LCC to account for.

Table 2: Owner estimates and calculated LCCs
Owner estimate of Calculated LCC
Property
LCC (HA/AE)
(HA/AE)
A
B

20

19

21

28
26

C

23

D
E
F
G
H

13

11

13

20

I

9

35
10

31
14

10
18

25

DISCUSSION
The large area of declining land condition in the DU (DUBDSC, 1996) is an area where
considerable gains could be made in both the conservation and long term grazing value.
Grazier estimates of LCC may not be accounting for poor land condition. Additionally, it
may take several wet seasons and spelling to recover land condition. Substantial benefits
from the LCC procedure could be obtained by the use of this information to plan for rotational
grazing practices incorporating wet and dry season spells.
LCC has been shown to be directly related to average pasture growth. However, the climate
variability experienced in the past may not be representative of the future (McKeon et al.
2004).

A major challenge for grazing management in the future is climate change,

particularly the variability in growing conditions. While the effects are still largely unknown,
this issue highlights the need for benchmark LCC information as a sound basis for grazing
management decisions.
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CONCLUSION
A process for estimating LCC for the land types of the DU has been developed. The LCC
procedure will provide beef producers with a benchmark of the property's' likely capacity to
support grazing on a paddock by paddock basis, and a sound basis for business planning.
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ABSTRACT
This investigation aims to establish the feasibility of managing the grazing of cattle through
methods other than increased fencing within the extensive production systems of the Barkly
region of the Northern Territory. Cattle grazing behaviour is being manipulated through
having only 1 of 5 watering points in a paddock operating at any one time over the dry season
(April to November). A control paddock exists which operates under a traditional grazing

management regime. Extensive pasture and cattle data has been collected from the
Rockhampton Downs station site and indicates cattle performance is reduced initially by the

alternating waters management regime although pasture composition is improved. The
investigation is ongoing and has been successful in demonstrating cattle grazing can be
managed by alternating watering points in the Barkly Region.

INTRODUCTION
In the extensive native pastures of the Barkly Region of the Northern Territory, grazing is

concentrated around watering points. Fisher (2001) reported 80% of cattle activity at
Rockhampton Downs station was within 5km of the watering point. The concentration of
cattle close to the watering point results in sacrifice zones in which no perennial grass species
are present.

Within the Barkly Region the average size of a paddock is 364km2 (Bubb 2006). While
multiple watering points exist within paddocks cattle often concentrate on only one for the
entire dry season. This results in extreme variation in the utilisation of pasture between
watering points. Over time this leads to a sub optimal carrying capacity for paddocks and can
impact on the long term diversity of species within a native pasture.

This investigation was initiated in May 2004 at Rockhampton Downs Station. It follows the
observation by station managers as to the resilience of pastures within holding paddocks at
yards which were stocked heavily every year but only for short periods of time. Primarily the
investigation focuses on the feasibility of moving cattle around the paddock by turning on and
off watering points to promote even grazing without having to resort extra fencing.

Problem
Continuous grazing of watering points over an entire dry season results in large sacrifice zone

being created at some watering points while others are left ungrazed. There are few
management options available to pastoralists other than installing extra fencing, which is
expensive due to the scale of paddocks. Reducing the size of paddocks through the installation
of more fences would provide the greatest level of control over grazing. Due to the extreme
size of paddocks this is not a feasible financial option.
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Solution
The Australian Agricultural Company (AACo) in collaboration with the Northern Territory
Department of Primary Industry, Fisheries & Mines (DPIFM) is investigating the effects of
increasing watering points and to reduce grazing pressure by spreading it more evenly through
a paddock. This is achieved by having only having one watering point operational at a time.
Cattle are moved strategically around the paddock at regular intervals.

METHOD
Rockhampton Downs station is located on the black cracking clay soils of the Barkly
Tableland. Mitchell Grass is the predominant perennial species across the vast treeless plains.

The region experiences distinct wet and dry seasons with 95% of the average rainfall of
400mm occurring from November to April. The annual average minimum temperature is
19 °C while the annual average maximum temperature is 34 °C.

A 530km2 paddock was divided into two paddocks. 880 cattle in the control paddock are
managed under traditional continuous grazing practices. All watering points within the control
paddock are operational at all times and cattle grazing is uncontrolled. The treatment paddock
operates under an alternating watering location management practice. 730 cattle are moved
around the treatment paddock by having only one of five watering points operating at any one

time. New watering points have been created by turning off existing troughs at bores and
pumping the water to new troughs approximately 4km away in areas traditionally not grazed.
Cattle are held on the waters for 6 weeks which allows for the each watering point to be
grazed once during an average dry season. During the wet season when surface water is
present cattle grazing is uncontrolled.
The pasture is monitored using an intensive double sampling method at the beginning and end
of the dry season. All transects originate at watering points and extend to a distance of 3km at
new watering points and 5km at existing watering points. Sampling occurs at 250m intervals
within 2km of the watering point and then at 500m intervals when further than 2km from the

watering point. Cattle weights, pregnancy status and weaner weights are also collected in
May. An extensive management diary has also been kept to evaluate the impact of this
grazing system on overall station operations allowing for a greater understanding of its
impact.

PRELIMINARY RESULTS
May 2004 - May 2006
Low re- conception rates for lactating 1st calf heifers is a recognised problem within the Barkly

Region with the average estimated at 62% (Bubb 2006). Pregnancy test data from 2005
indicates re- conception rates for the treatment (30.2 %) and control (50.6 %) was low in
comparison to the region average. While a long dry season in 2004 contributed to this poor
performance the re- conception rate of the treatment cattle was significantly lower than the
control cattle. Pregnancy test data for 2006 was unavailable at time of publishing due to the
late wet season.

There was no significant difference between the average weights of the weaners turned off
from the treatment or control paddocks over the two years of the investigation.

Initial pasture observations have indicated an increase in the perennial pasture species
(Mitchell Grass) within 250 meters of the watering points.
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DISCUSSION
This investigation is studying the effectiveness of controlling grazing without installing
additional fencing. Holding the cattle on watering points proved difficult during 2004 but was
resolved in 2005 through the persistence of the manager. Greater influence over the areas of
the paddock that are grazed has been achieved through investing time in training cattle and

modifying their behaviour. The investment in training and developing more waters has
allowed for savings in time and money when mustering by having cattle closer to yards
reducing the need for helicopter use.

The increase in perennial grass species within traditional sacrifice zones also represents an
improvement in pasture composition. Increases in perennial grasses offer more feed towards
the end of the dry season increasing the overall carrying capacity of the paddock.

The ability to manage the cattle alternating watering points represents a vast change from
traditional grazing strategies and is considered a major achievement of the investigation.

CONCLUSIONS
Preliminary results and observations indicate that managing cattle by alternating watering
points is possible within the extensive grazing systems of the Barkly Region. This

investigation has been able to demonstrate the increases in perennial grass species gained
through the alternate waters management system. The overall losses or benefits of managing
grazing through alternating watering points will be derived at the end of the investigation.

REFERENCES
Bubb, A. (2006), Pastoral Industry Survey 2004: The Barkly Region, Northern Territory
Department of Primary Industry, Fisheries and Mines, Darwin, Northern Territory.

Fisher, A. (2001), Biogeography and conservation of Mitchell grasslands within northern
Australia, PhD Thesis, Faculty of Science, Information Technology & Education, Northern
Territory University.

241
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INTRODUCTION
A dictionary definition of `science' is the systematic study of interactions between humans
and our environment through deduction and inference. Science is essentially the pursuit of
rigorous knowledge. Such simple definitions do not adequately outline scientific method but
succinctly describe the main role of the scientist in the community. They say nothing about
how scientists communicate scientific findings. Traditionally, this is through the tried, true
and essential pathway of publication of the findings of scientific research in peer reviewed
journals and presentations at specialist conferences. Such processes promote scientific rigor
and dialogue among peers. But, increasingly scientists recognise other pathways are also

important if new knowledge is to be adopted by communities and their governments.
Scientists can play an important role in ensuring that knowledge gained through scientific
research is communicated widely to the community and the skills of scientists can help define
problems and approaches. This is happening in the Lake Eyre Basin.

THE START OF SCIENTIFIC INVOLVEMENT
The catalyst was the irrigation application to grow cotton on Cooper Creek. Recognition by
local landholders and scientists working on the Cooper that, science could play a role in the
decision -making, resulted in a scientific workshop at Windorah in September 1996. The
Cooper Creek workshop attracted more than 100 people, including scientific researchers,
graziers whose livelihoods depended on the river, representatives of conservation groups,
government officials and irrigation proponents. The workshop produced a vigorous discussion

about ecological sustainability of rivers and exposed the inadequacies of government
decision -making processes traditionally dominated by water management agencies. The
combination of local landholders and scientific opinion and data were a powerful contribution
to the debate about cotton on the Cooper. The issue received wide media attention, resulting

in considerable discussion across the nation and ultimately rejection of the application for
large scale irrigation.

THE ONGOING ROLE OF SCIENTISTS
Science and scientists remained loyal to ecological sustainability of the Lake Eyre Basin and
with this, came a growing acceptance of science and scientists by the community and
governments as an essential part of effective management. This was incorporated within the
institutional structures but also just as importantly the informal relationships established.
Under the Lake Eyre Basin Agreement, the independent Scientific Advisory Panel provides
independent advice to the LEB Ministerial Forum. Cooper Creek Catchment Committee also
has a position for an independent scientist. Such arrangements provide governments and the
communities with the best available scientific advice for management and continue to build
productive relationships between communities and scientists. Scientists for their part have
opportunities to contribute their knowledge and skills to broad effective management outside
their disciplines and the confines of traditional scientific communication. Perhaps equally
important, participating scientists apply scientific skills to analytical assessment and problem
definition.

242

CONCLUSION
There is still a long way to go. Challenges exist to ensure that the most effective use for good
management is made of science and scientists within the Lake Eyre Basin. Investment into
natural resource management can usually be framed as scientific questions within an adaptive
management framework. As with much of what is currently invested around Australia into
management and rehabilitation of ecosystems, there is a lack of rigor and accountability of
information. The community and governments are not necessarily learning effectively. We

need to apply scientific rigor to much of what is done by governments and communities
within natural resource management to ensure that we can make good decisions. The Lake
Eyre Basin will continue to benefit.
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ABSTRACT
This paper presents some of the results of a case study investigating stakeholder involvement
in surface water planning processes in the joint catchment of the Diamantina and Georgina

Rivers in central Queensland. Historic withdrawals and allocation arrangements with
pastoralists and the mining industry have recently been formalised through the Water
Resource (Georgina Diamantina) Plan 2004 and the draft Resource Operational Plan 2005.

This paper specifically investigates stakeholder perception of the role floods play in the
viability of the region. The perceived importance of the floods to economic viability,
ecological viability and social viability is discussed.

INTRODUCTION
Australia's `Outback' regions have become the focus of renewed development interest from
industry and political spheres. There is mounting pressure for outback regions to explore
options for diversifying their use of natural resources and their portfolio of products.
Diversifying into growing service industries such as tourism (Greiner and Larson, 2004;
Greiner et al., 2004), more intensive agricultural and irrigation developments (Holmes, 1996),

and potential new international markets for environmental services such as carbon
sequestration and biodiversity credits (Williams et al. 2004; Faith et al., 2003), are seen as
some options for growth in outback regions. These regions also face increasing demands by
society for biodiversity conservation and by traditional owners for additional use and access
rights (Jackson, 2004; Larson, 2006a).
The research project described in this paper is part of a larger project set up to investigate the

impacts of institutional arrangements and property rights on water allocation and use in
tropical savannas and desert regions of Australia. Interest in the Georgina and Diamantina
catchments as the location for the case study was based on the water management related
institutional change underway in the region (Larson, 2006b). As in many other countries
(Saleth and Dinar 2004), this institutional change is more a result of purposive reform
programs than natural institutional evolutionary processes.

The Diamantina and Georgina catchment is unique as it is a major tributary of the Lake Eyre
Basin, the world's largest internally draining system covering an area of 1.2 million km2, or
about 18 per cent of the land area of Australia. The rivers of the Lake Eyre Basin have some
of the most variable hydrological regimes in the world (Puckridge, 1998). The majority of
rivers in Australian Outback are "dryland" rivers. Dryland rivers typically occur where annual
rainfall is less than 500 mm and the annual evaporation rate exceeds rainfall (Sheldon et al,
2003). Both large floods, which breach the banks and cover vast tracts of land, and extensive

droughts, where the water in the channel dries back to a few permanent waterholes, are
features of Australian dryland rivers. Therefore, from a human perspective, dryland rivers are
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often unreliable sources of water for development and water supply. However, the
Diamantina and Georgina rivers do provide water for stock and domestic purposes in the
region, while floods that inundate the floodplain provide essential grazing and nutrient
movement for the pastoral industry (Larson, 2006b).

The key aim of the project was analysis of the Water Resource (Georgina and Diamantina)
Plan 2004 and the Georgina and Diamantina Draft Resource Operations Plan using the
Institutional Analysis and Development (IAD) framework (Ostrom et al, 1994; Ostrom, 2005;
Ostrom, 2006), an internationally widely applied method for the analysis of common -pool
resources. Findings of that part of the study are presented in Larson (2006b) and Larson
(2006c). This paper specifically investigates stakeholder perception about the role floods play
in the economic, ecological and social viability of the region.

METHODS
The first part of the research consisted of a desktop study of key documents related to water
planning processes in the Georgina and Diamantina catchments, such as recently developed
plans, information and background reports used to support decision -making during the
planning process, documentation related to the consultation processes, the wider water and
natural resources legislative framework and the strategic planning documents of regional
natural resources management bodies and interface agencies.
The field research part of the study was designed to gain insights into the planning process
underway. A total of 23 semi - structured interviews were conducted in 2005 with a variety of
the water planning process participants; that is, representatives of government organisations,
community groups and local stakeholders. Due to the large distance and sparse population of
the area, the study concentrated on investigation of the local stakeholders in the Diamantina
Shire only. The semi - structured interviews lasted around one hour and involved, firstly, the
participant being introduced to the project by the researcher, followed by discussion on
institutional arrangements for natural resources management in general. The interviews
continued with discussions on planning processes. The reaction of the interviewee to the new

rules proposed in draft resource operational plan and the likely future behaviour at the
operating level were also discussed. Guiding questions for the semi -structured interviews are
available in Larson (2006b).

RESULTS
Data collected during the field -work part of the analysis provides insights into the intrinsic
valuation of water by the local stakeholders. This paper reports on the perceived importance
local stakeholders assign to the periodic flooding by the Georgina and Diamantina rivers and

the perceived potential for changes in flood regimes resulting from recent changes in
allocation rules.

Economic viability
The grazing -based production system of the lower Diamantina and Georgina rivers is seen as
dependent on floods as they revitalise the pastures by bringing both water and nutrients to the
soils. Pastoralists in the region stressed the heavy reliance of their production cycles on

natural floods of the Georgina and Diamantina rivers: "Pastoralists depend on floods";
"Rivers feed us"; "Lower reaches of the rivers depend on nature; live with nature ".
Therefore, the economic interest of the pastoralists in the area is to maintain the waters in the
river - maintain the floods - rather than to extract it. The flood years are viewed as "good"
ones, the years that allow for maximising profits. The floods are perceived as crucial for the
continuation of farming and for wealth creation.
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The perception of the tourist operators in the region was similar: "If we lose floods we will
lose tourists ". The perception is that what draws tourists into the region are the amazing
dynamics of desert transformed by the floods and the ecosystems that develop around the
floods, such as the proliferation of the bird life and flowers. Just like pastoralists, the tourist
operators "did very well" during the flood years.

Ecological viability
The number, seriousness and variety of environmental concerns voiced by interviewees and
related to changes in water allocation rules were overwhelming. Similar concerns were voiced
by all sections of the community: town residents, Aboriginal people, pastoralists, tourism
operators and service providers. The main concern of the interviewees was that the additional

allocations of water in upper reaches of the rivers would have a negative effect on the
ecosystem, in particular on the lower reaches. The link between `ecosystems' and `removal of
water' was made by all interviewees and it was stressed by several that "environmental values
are important to people ".

An area of concern overwhelmingly expressed by stakeholders interviewed could best be
grouped as `Precautionary principle' concerns. The `Precautionary Principle' is one of the key
principles of sustainability: "The precautionary principle permits a lower level of proof of
harm to be used in policy -making whenever the consequences of waiting for higher levels of
proof may be very costly andlor irreversible." (EEA - European Environmental Agency,
1999, p278). Stakeholders were concerned about potential currently unforseen impacts that
water withdrawals might cause in the future ( "Ecosystems here are very vulnerable, and very
understudied"; "We do not know what is going to be affected'), and particularly about a lack
of catchment -specific baseline information upon which policy decisions were based ( "People
do not know the science behind all this. Does the government ? "; "This is a unique system and
data translated (from the coastal regions of Australia) has little meaning in local conditions ";
"We do not know enough about environment as it is. ').

Social viability
The floods are also perceived as important for the wellbeing of the regional population:
"Floods change everything and everyone, even people - everyone is happy ". The amenity
value of wildlife was also noted as important and perceived as flood- dependent: "Birds are
important to people, just seeing them come with floods ".

The Aboriginal cultural value of the water was expressed as not restricted to specific
geographical locations of spiritual significance, "special places on the river ", but also
encompassing the very presence of the water and floods. There was a concern that Aboriginal

people appeared not to be recognised as using water: their stories, their culture and the
important place water and floods play in those do not receive sufficient acknowledgment.

DISCUSSION AND CONCLUSIONS

The key concerns of stakeholders interviewed were in the area of economic benefits,
environment, equity issues and monitoring. Stakeholders also appeared deeply concerned

about the creation of a rule based on limited sets of baseline information available,
particularly bearing in mind the fragility of the desert and semi -desert environments.
Enforcement of the newly created allocation rules was seen as particularly difficult due to the
extremely large area of the catchments and the properties, and poor to no accessibility to most
parts of the properties. Concerns were voiced over monitoring of river flows and on -farm

uses, ensuring accurate measurement of withdrawals, and monitoring signs of potential
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negative ecological impacts. The feasibility of controlling and enforcing a complex system of

allocations and trading in such a remote region was also questioned. Overall community
perception of the planning proponent, the Department of Natural Resources, Mines and
Water, is that the Department is "strongly pro- development" while "community wants more
natural processes to rule ".

As the region has extremely low rainfall, it depends on flood waters to bring seasonal changes
in water flows and resulting changes in ecological and production systems. The sentiment
therefore was that: "The way river runs now should not change "; "Lower Diamantina needs

floods"; `Floods feed the country "; "We want water in the river, we want floods "; that
"Floods are not too often but they should flow "; and that there "Should be no water taken out
in the first place".
One difficulty in performing state or nation -wide planning processes is that the resources tend

to differ on key parameters from similar resources in the wider setting. In the case of
expansive areas of Australian Outback, only limited sets of resource -specific knowledge and

data are available and considerable uncertainties remain. Therefore, application of the
precautionary principle and greater integration of local knowledge into overall knowledge
systems have the potential to substantially improve outcomes.
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ABSTRACT
Landscape Function Analysis monitoring compared two adjacent sites in the Southern Black
Speargrass rangelands of the South Burnett region in Queensland. Both sites carried black
speargrass (Heteropogon contortus), forest blue grass (Bothriochloa bladhii) and wire grass
(Aristida spp.) in an open woodland dominated by silver -leaf ironbark (Eucalyptus
melanophloia) trees. Site 1 carried a dense stand of E. melanophloia saplings on an ungrazed
road reserve. Site 2 carried sparser, mature E. melanophloia and was managed with light to
moderate grazing pressure. Site 1 exhibited a greater capacity for retaining and capturing
resources than site 2, but only in terms of a soil surface assessment. When assessing
landscape organisation, Site 2's functional capacity was higher. Because of this paradox,
further interpretation of the implications of Landscape Function Analysis is required to
effectively assess and compare the impacts of grazing and tree demographics in this rangeland
type.

INTRODUCTION
This case study was undertaken to examine the landscape function of a Southern Black
Speargrass Rangeland ecosystem, under two varying management regimes. Landscape
Function Analysis (LFA) (Tongway & Hindley, 2005) was applied based on the concept that
a loss of resources from a landscape is undesirable and that such loss, and an inability to
capture replacement resources, constitutes a dysfunctional landscape. Alternately, a
functional landscape retains its resources and has the capacity to capture new resources,
transferred from elsewhere. Specifically, this study used LFA to determine the impacts of
grazing and non -grazing on the landscape's functional capacity to retain and capture water
and other resources.

The study site was located in open woodlands with a perennial grassland understorey
characterised by the decreaser species black speargrass ( Heteropogon contortus), forest blue
grass (Bothriochloa bladhii), Queensland blue grass (Dichanthium sericeum), Rhodes grass
( Chloris gayana and C. divaricata) and green panic (Panicum maxiumum), and the increaser
Type I species, wire grass (Aristida spp.) (Henry et al. 1995; Orr et al. 2001). Trees
commonly found in this area include, narrow -leaf iron bark (Eucalyptus crebra), silver -leaf

iron bark (E. melanophloia), blue gum (E. tereticornis), spotted gum (E. maculata) and
Moreton Bay ash (E. tesselaris) (Partridge 1993). However, at the study site only H.
contortus, B. bladhii, Aristida spp. and E. melanophloia are present. The anticipated annual
rainfall in the area is 700 - 1200 mm, the majority of which is expected during the summer
months (Partridge 1993). However, in the season prior to this study the rainfall was below
average and erratic. The soil is a grey vertosol derived chiefly from rhyolitic and basaltic
parent material (M. Andrews, pers. comm.).
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METHODS
Two parallel twenty metre transects were established on the mid -slope of a north -east facing
hill. Each transect followed the direction of potential water flow, down a gradient of fifteen
per cent. Both transect sites were homogenous in all respects except grazing, which also
affected tree demographics. Transect 1 (Analogue) was established on an ungrazed road
reserve among a thicket of E. melanophloia saplings. Transect 2 was located in a paddock

carrying light to moderate grazing pressure by Bos indicus cattle, with a sparser stand of
mature E. melanophloia. During severe drought conditions in 2002, Site 1 was grazed out
over a period of a week by travelling stock; it later regenerated, and was moribund at the time
of assessment. Neither site has been exposed to fire within the last ten years.

Both components of the Landscape Function Analysis method, the landscape organisation
assessment and the soil surface assessment, were carried out. Measurement and assessment of
the zone proportions provided the landscape organisation results. Interpretation of each
zone's surface condition, through qualitative and quantitative means, provided the soil surface
assessment results, which culminated in three comparative indices rating Stability, Infiltration
and Nutrient Cycling capacity. These indices were applied to each transect, each zone within

each transect and determined the proportion that each zone contributed towards each
transects' indices.
Given the level of loose litter cover at both sites, careful measurement of perennial grass basal

area was used to differentiate between patch and interpatch zones. This was to ensure that
interpatch zones were clearly distinguished from swards of functionally linked patches.
Observations indicated that water had run through some of the interpatches, under the layer of
litter cover.

RESULTS
Landscape Organisation
Five patch types and two interpatch types were recorded. The dominant patch type, Patch
Type 1 (P 1), was characterised by the presence of mixed perennial grasses; H. contortus, B.
bladhii and Aristida spp. Pl was the only patch type observed along Transect 1. Other patch
types, only present on Transect 2, were =characterised as fallen timber (P2), an unidentified
woody forb (P3), common verbena (Verbena officinalis) (P4) and large, loose basaltic rock
(P5). The dominant interpatch type, Interpatch Type 1 (IP1) was characterised by bare soil
with thick loose litter cover. Interpatch Type 2 (IP2) was characterised by bare soil and
lighter, more mobile litter cover. IP1 was the only interpatch type present along Transect 1,
whereas Transect 2 exhibited both IP1 and IP2. Transect 1 was divided into 36 patches and
37 interpatches, compared to Transect 2's 46 patches and 41 interpatches.

Interpatch spacing dominated both transects, representing 77% of Transect 1 and 58% of
Transect 2. Along Transect 2, this interpatch proportion was comprised of 42% IN and 16%
IP2. P1 constituted the remaining 23% of Transect 1 and 36% of Transect 2. Patch types P2
to P5 contributed less than 7% to Transect 2. Transect 2 had more perennial plant basal area
cover than Transect 1. Transect 2's individual patch types were longer (P 1 avg. 0.21 m) than
the patches along Transect 1 (P1 avg. 0.13 m), with the exception of the single occurrence of
P3 (0.05 m). Transect 2's patch swards were also wider (avg. 0.76 m) than Transect l's (avg.
0.28 m). Correspondingly, interpatch spacing along Transect 2 was shorter (avg. 0.28 m) than
along Transect 1 (avg. 0.42 m).
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Soil Surface Assessment
Transect 1 scored higher in all three soil surface assessment indices, Stability (68 %),

Infiltration (48 %) and Nutrient Cycling (43 %) than Transect 2 (62 %, 44% and 34 %,
respectively). The chief contributor to the higher rating of Transect 1 was the high individual
index ratings achieved by the bare soil and heavy litter cover of IP 1 (Stability: 66 %;
Infiltration: 48% and Nutrient Cycling: 42 %). IP 1's high ratings contributed 74 %, 77% and

76 %, respectively, to Transect 1's total index values, but only 38 %, 45% and 42 %,
respectively, to Transect 2's total index values. Even including the contribution of IP2,
interpatch zones still only contributed 51 %, 56 %, and 55 %, respectively, to the total index
values of Transect 2. These results are thought to arise jointly from the favourable functional
capacity of IP1 and its greater presence along the total length of Transect 1. By comparison,
the dominant patch type, P1, also received high individual index ratings for soil stability
(70 %), infiltration (45 %) and nutrient cycling (37 %), but contributed only 26 %, 23% and
24 %, respectively, to Transect 1, and slightly more, 41 %, 37% and 39 %, respectively, to
Transect 2. The contributions of other patch zones to the total index values of Transect 2
were comparatively negligible.
DISCUSSION
It was expected that interpatch spacing would account for most of each transect's length.
However, it was unexpected that the ungrazed site would have more interpatch space than the
grazed site. It was considered that, over time, grazing would have reduced the total perennial
plant basal area coverage of the grazed site to a state of less coverage than the ungrazed site.
It is an encouraging feature of the landscape function of the grazed site that this was not the
case.

However, the lower basal area coverage on the ungrazed site does present some

concern. The long period of nil grazing by cattle has resulted in abundant plant matter, loose
litter cover and sapling growth. The limiting effects of this moribund overgrowth, including
reducing available sunlight, restricting air circulation and increasing competition for available
moisture, may have impeded germination and recruitment of new grass plants. Therefore, the

removal of some grass biomass on the grazed site appeared to offer an advantage.
Additionally, the fewer, mature trees on the grazed site may not represent the same degree of

competition for moisture as the sapling thicket, as the established trees are likely to be
competing for resources deeper in the soil profile than the grass community. The virtual
absence of E. melanophloia saplings on the grazed mid -slope could be the result of typical
grazing habits. Saplings of various cohorts are abundant on steeper slopes within the same
paddock. Consideration should be given to the value that these saplings impart to grazed mid slopes and whether ensuring they are not entirely lost from such grazed mid -slopes would be
beneficial to ecosystem functioning.

The higher incidence of patches and interpatches on the grazed site suggests that it is more
fragmented. However, this is not supported by the data, which showed it had larger patch
sizes and greater overall coverage. This pattern of incidence may suggest that patches, once
much larger, are beginning to become interrupted. Alternatively it may suggests that the

recruitment of new grass plants may be occurring well within the interpatch spaces,
advantageously starting new patches, rather than just expanding existing patches under the
protection of colonising, resources capturing patches. More importantly, patches on the
grazed site are wider than on the ungrazed site. This pattern indicates that the landscape is
less disrupted perpendicular to the slope of the hill and therefore offers greater opportunity for
the capture of resources with the flow of runoff. Because of these aspects the grazed site
possesses a clear advantage in achieving a positive landscape function, in terms of landscape
organisation.
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However, the landscape organisation results contrast with the soil surface assessment
component of the analysis. The ungrazed site was assessed as having a landscape function
advantage over the grazed site because of its soil surface condition. It is considered more
stable, with greater infiltration and a higher nutrient cycling potential, signifying a greater
capacity to hold resources, capture potential resources and reuse its existing resources.

Furthermore, this advantage was attributed not only to the favourable condition of its
interpatch spaces, but their relative abundance, a characteristic rated as a disadvantage in
terms of landscape organisation. The high individual ratings achieved by the bare soil and
litter interpatch indicate that the landscape function of this zone type is comparatively high
and provides a valuable contribution to the overall landscape function of the site, particularly
as the interpatches ultimately contribute more to the total stability, infiltration and nutrient
cycling of both transects than all the patch types. The patch zones were expected to
contribute more to landscape function than was evident; the reasons for this apparent anomaly
were not evident from this study.
The ungrazed site holds the further advantage of homogeneity of composition, only exhibiting
one patch type and one interpatch type. According to the State - and -Transition model for

black speargrass (Orr et al. 1994), a more homogeneous pasture composition of perennial
grasses is preferable. The mixed perennial grass patch zone can be considered more dominant
on the ungrazed site than on the grazed site, despite its lower relative abundance, because it
was the only patch type present on the former. On the grazed site, apart from the mixed
perennial grass patches, there were patches of species that are less susceptible to grazing.
This is concurrent with the ungrazed site having higher index values than the grazed site.
This difference in pasture composition should be weighed against the difference that the
mixed perennial grass patches contribute to the total basal area coverage of both sites to
determine which is the more desirable feature.
CONCLUSIONS
The grazed site appeared to have a reduced landscape function capacity because of its lower
soil surface assessment results. However, nil grazing resulted in overgrowth which appeared
to reduce the landscape function capacity of the site by producing a less favourable landscape
organisation pattern. Each management style has in some way limited the landscape function,
reducing its capacity to retain, recapture and cycle resources.

Which of these components assessed by LFA should weigh more heavily in ultimately
differentiating which site possesses the higher level of landscape function? Perhaps, further
quantifying the contribution of each component of LFA would improve the application of this
useful monitoring technique. This would be particularly valuable for the landscape
ecosystems of the Southern Black Speargrass Rangelands, that exhibit diverse and complex
landscapes, biota and land uses.
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ABSTRACT
Gluepot Reserve is Australia's largest community owned and managed conservation Reserve.
Purchased by Birds Australia in July 1997, Gluepot Station was a marginal sheep property.

By successfully combining the elements of biodiversity conservation through land
management, scientific research and monitoring, environmental education and sustainable
ecotourism, Gluepot Reserve has taken conservation management into a new era. The Reserve
is providing an international `model' to show that sustainable use of the landscape is both
feasible and desirable. A highly successful program of this size and complexity is unique in
Australian land management.

INTRODUCTION
Australia is one of the five most biodiverse nations in the world and yet we have one of the
worst biodiversity extinction rates, having lost four frogs, 23 birds, 27 mammals and 61
species of flora since 1800. Presently there are a further 1595 species and 3000 ecological
communities under threat. The major reasons for this disastrous species decline are: loss of
habitat (primarily through vegetation clearance); changes in land use; introduction of feral
animals and weeds and the resulting competition; altered fire regimes and a `new player' on
the scene, climate change. The loss of biodiversity has serious implications for the economy
and society generally.

In an attempt to reverse biodiversity loss, Australia urgently needs to set aside larger areas of
land for conservation. Presently only 10.52% of our land mass, or 81 million hectares, is in
protected areas. Since 1997 the Australian Government, through the National Reserve System
(NRS) has invested more than $80 million in the establishment of an additional 20 million
hectares of protected areas. Partnerships have been the key to success of the NRS programme.
Working with a wide range of partners, NRS helps them purchase, establish or maintain land
for reserves. The emergence of non -government, non -profit land conservation bodies, such as
the Australian Bush Heritage Fund, Birds Australia, Australian Wildlife Conservancy and
Trust for Nature, has dramatically altered the manner in which protected lands are purchased
and managed. Birds Australia Gluepot Reserve is an excellent example of `the new wave' of
protected areas, setting new standards in environmental protection and management.

GLUEPOT RESERVE
Birds Australia was one of the first non -government conservation organisations to purchase a
`landscape' size tract of land for conservation. Gluepot Station was established as a pastoral

lease over 100 years ago, and was purchased by Birds Australia in July 1997 primarily to
protect the critically endangered Black -eared Miner and other threatened species.

The Reserve is 54,000ha in size and is situated in the semi -arid zone, 64km from the River
Murray in South Australia's Riverland. It is part of the largest block of intact mallee left in
Australia and so the viability of threatened bird populations and other flora and fauna is high.
The last major fire on Gluepot was over half a century ago in December 1950. Importantly,
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some whole areas were not burnt at all during these widespread fires. Many of the trees within
the mallee and Casuarina woodland are hundreds of years old with numerous hollows. Such
old -growth habitat is essential for many species including threatened species. The Reserve is

home to 18 nationally threatened species of birds, 53 species of reptiles and 12 species of
bats, some of which are nationally threatened. There are few areas of the world that support
such a concentration of threatened species.

The Reserve's overall management philosophy is to "Effectively manage a large,
internationally significant protected area for biodiversity conservation as an addition to
Australia's National Reserve System and to develop a successful, financially independent
program that will be a model for other community groups with small operating budgets
(approximately $50,000)"

Gluepot is operated and managed entirely by volunteers. A skilled 14 person volunteer
Management Committee is responsible for all management issues. All management actions on

Gluepot are driven by the Reserve's five year Management and Monitoring and Business
Plans and the Reserve is manned on a continuous basis by Volunteer Rangers and Assistant
Rangers.

Volunteers are the life -blood of the Reserve and come from all states of Australia and
overseas. Since the Reserve was purchased in July 1997, to the end of 2005 volunteers had
donated 157,175 hours and 991,420 km of mileage - that equates to an overall donation in
time and mileage of $2.84 million. Over the past 6 years, the average for donated hours has
been 21,790 per annum.

Incorporating the `value- added' concept, Gluepot Reserve has developed by `seamlessly'
combining four crucial elements:

Biodiversity conservation through land management
The land management `model' developed by Gluepot Reserve is now well recognised and
both the German and Spanish governments and the larger Australian land conservation
organisations have expressed interest in adopting the `Gluepot Model' for the management of
their larger reserves.

A number of important management initiatives have already had a dramatic effect on the
vegetation and monitored biodiversity. The substantial reduction in grazing pressure, through

the closure of all artificial watering sources, has led to a remarkable regeneration of
vegetation across the Reserve. The last sheep were removed from Gluepot in April 1997 and
following water point closures, goat numbers have reduced to insignificant levels while the

kangaroo population appears to have fallen to a more 'natural' level. Re- vegetation of
degraded dam sites, combined with a vigorous weed control program has been underway
since 1999 and fox baiting is undertaken 3 -4 times per year.

Populations of mammals, reptiles and birds are monitored at 75 sites and in 2001, a Western
Pygmy Possum was located, the first sighting of this animal north of the River Murray since
1892.

The preservation and enhancement of the Gluepot mallee environment is a key element in the
Reserve's Management & Monitoring Plan. Many of the management actions are dictated by
the results of scientific research and monitoring projects undertaken, such as the Water Points
PhD research in 1999 -2001.
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The entire 544 sq. km - with the exception of the homestead area - is under South Australian
Heritage Agreement which ensures that the land will remain as a conservation reserve in
perpetuity. The Reseve is also part of the National Estate and Australia's National Reserve
System and is conserved as 'critical habitat' under the EPBC Act, the first area of land on the
Australian continent to be given such protection. Gluepot is a Land Partner of the Riverland
Biosphere and thus operates under the guidelines of the UNESCO 'Man and the Biosphere
Program'. A third of the Reserve has been set aside as 'core reference area' for research and
conservation and is also used as a control area to gauge visitor impacts on other areas of the
Reserve. The western two thirds is managed as a national park conservation and recreation
zone. The management aims of these areas is to protect the natural environment and provide

sustainable, dispersed recreation activities and small -scale recreation facilities without
significant impact on natural processes.

Scientific Research and Monitoring:
The Reserve has been developed as 'A Quality Centre for Scientific Research', and presently
attracts eleven universities and research institutes, a number of self -funded research scientists

and Reserve personnel, all of whom conduct scientific projects on the Reserve. The
development of the Reserve as a research centre has two objectives:

To gain a better understanding of the mallee environment and in particular, threatened
species, and doing so, increase awareness of the environmental issues surrounding this
highly endangered area of Australian wilderness.

To provide the opportunity for visitors to work alongside scientists in the field and in
doing so, develop a better understanding of the eco systems and biodiversity that make up
the mallee environment. Many of the research projects at Gluepot Reserve will help solve
the problems of land degradation and loss of biodiversity and the educational component
in this research is seen as a very important aspect of the work.

Five PhD research projects and a number of MSc and Honours projects have been conducted
on the Reserve and these include research on the reptile population. The Reserve has been
floristically mapped (Hyde, MK. 2001) and a project to install a permanent bat recording
station at Gluepot is underway. This will be the first of its kind in Australia and will record
and analyse bat calls 365 nights of the year.

Sustainable Ecotourism
Gluepot Reserve is one of the `iconic' bird watching tourism destinations in Australia. To
cater to the thousands of visitors, the Reserve has established four widely spaced camping
grounds, each set in a prime birding area. 14 walking trails and one `drive trail' have been
developed and elevated bird watering troughs have been placed at five sites with high quality
elevated bird hides being constructed, that overlook these troughs.

The Reserve has also provided visitors with a world -class visitor information centre funded
by the South Australian Tourism Commission (SATC). Displays in the centre feature all
aspects of the mallee environment including biodiversity, alternative energy, the weather,
indigenous culture, research projects on the Reserve and other Riverland attractions. The
Reserve has achieved Advanced Accreditation under the national Eco Certification Program
and is fully accredited under the National Tourism Accreditation Program. To December

2005, Gluepot has received 27 major awards in the areas of science, conservation, the
environment, ecotourism, the built environment and health. A 'Friends of Gluepot Reserve'
was formed in February 2004, and has a membership of 100.
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Environmental Education
In 2004, work commenced on the fourth 'element' of the Reserve's main objectives,
`environmental education' with the provision of high quality environmental two day courses
and workshops led by 'professional' facilitators. Half of the Reserve shearing shed has been
converted (by the Friends of Gluepot) into an Environmental Education Centre. The centre is
composed of a large entrance /reception area, which contains a kitchen and dining room. Glass
doors lead through to a large `classroom' that retains many of the heritage values of the
building, including the original shearing stands along one wall. These have been restored to
original condition by volunteers and will remain (along with other heritage items) as a feature
of the room. The centre is equipped with the latest audio -visual equipment and the first two
courses ran in September 2005. There are 10 courses on offer during 2006.

CONCLUSION
To reverse the `eventual path to extinction' of so many of our threatened species, scientists
have determined that we urgently need to conserve at least another 22 million hectares of
prime habitat across a wide range of ecosystems - this equates to almost three per cent of
Australia's land mass. A number of conservation organisations and the NRS have taken up
this challenge and are setting targets for land purchases. The Australian Bush Heritage Fund
has set a 20 year target of seven million hectares (one per cent of Australia's land area) while
the NRS is targeting to have examples of at least 80% of the number of existing regional
ecosystems in each bioregion, represented in the NRS by 2010 -2015.
A number of ecosystems across bioregions in the Rangelands are either not represented at all
or are poorly represented in the few existing conservation reserves. As a result of changing
economic circumstances, prolonged periods of drought and the likelihood of future issues
relating to climate change, large tracts of land are becoming available for purchase throughout
the Rangelands.

Gluepot Reserve, Bimbowrie Station Conservation Park and the recently purchased
Boolcoomatta Station Reserve in the north east pastoral country, are excellent examples of
efficiently managed conservation lands in the Rangelands. All are committed to working
closely and in consultation with their neighbours and local and indigenous communities. All

work under well developed management plans that contain performance and review
indicators. These plans are usually developed in conjunction with public consultation.
The future of much of our threatened wildlife will depend to a large extent on how quickly we
set aside and efficiently manage, the habitats required to sustain these species. The science
has been done -we know what we have to do - all that is required is the will, the motivation
and the commitment to make it happen.
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ABSTRACT
Life in desert regions of Australia (and indeed worldwide) is affected by a combination of
factors: variability in climate, markets and policy that is outside the control of local people;
sparse and often mobile populations; natural, human and cultural resources that are patchy in
space and time; and relatively poor scientific understanding despite significant local and
traditional knowledge, among other factors. These `desert drivers' affect not only ecology

and natural resource management, but also service delivery, enterprise development,
governance systems and many other aspects of desert living. This paper outlines moves
towards consolidating these issues into an integrated, inter -sectoral new discipline - the
Science of Desert Living - and the benefits this could deliver.

INTRODUCTION
The seed of an idea of a consolidated Science of Desert Living was introduced two years ago
at a previous Australian Rangelands Society Conference (Wand and Stafford Smith, 2004).
Over the intervening period this seed has begun to germinate in the fertile ground of the
Desert Knowledge Cooperative Research Centre. In this paper we report on this progress and
prospects for future growth.
Life in desert regions of Australia is affected by a number of features, including: variability in
climate, markets and policy that is outside the control of local people; sparse and often mobile

populations; natural, human and cultural resources that are patchy in space and time; and
relatively poor scientific understanding in regions that nonetheless are the home to significant
local and traditional knowledge. These features, collectively referred to in this paper as
"desert drivers ", are not at all unique to desert regions individually, but together represent a
syndrome of effects that characterise desert environments. They affect not only ecology and
natural resource management, but also the delivery of key services, enterprise development,
governance systems and many other aspects of desert living.

The desert drivers demand that we pay particular attention to variability and extremes, small
numbers, and engagement with local knowledge in a wide variety of disciplines, such as
rangelands ecology, anthropology, social geography, political science, business, economics,

linguistics, service delivery technologies, visual arts, engineering, indigenous studies,
ecosystem management, law, and evolutionary biology, among many others. Since there are
relatively few people working on the problems of desert regions in each of these disciplines, it
is hard to get a strong focus on managing for these desert drivers. We argue, therefore, that it
is time to consider defining a new discipline that puts the desert drivers at its centre.

This paper outlines initial thoughts in these areas, and invites input from researchers and
practitioners with interests in the Australian rangelands.
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APPROACHES
To justify a new discipline, it is necessary to (i) demonstrate how cutting edge work in
existing disciplines is having to deal with common issues across the disciplines, but that these
issues are not being handled easily; (ii) show how theory or solutions in one discipline,
suitably abstracted, may lead to solutions in another disciplinary area, in relation to factors
which are readily related to the desert drivers; and (iii) identify some methodologies which
characterise this work.
FOCAL TOPICS IN THE SCIENCE OF DESERT LIVING
As a useful organising principle, the portfolio of research projects in the Desert Knowledge
CRC is centred around: application to sustainable livelihoods and business opportunities;
viable desert settlements at all scales; and thriving regions in which the economic flows and
institutions are arranged such that the whole is greater than the sum of the parts. The goal is
that the outputs of this portfolio will contribute across many sectors in society - natural
resource management, social and technical service provision, infrastructure, business
development, governance, policy design, human well-being and cultural maintenance, among
others. The outputs may also be seen through the lenses of a variety of different research
disciplines, whether rangelands ecology, social geography, economics or law. The purpose of
a Science of Desert Living must be to draw out the cutting edge research in any of these areas
inasmuch as it responds to the key challenges of desert living. With such a potentially
complex base to draw on, some structure is required. An initial option is to adopt some of the
priority areas which DK-CRC has determined through extensive consultation, and assess the
Australian contribution in these arenas; for example:
• Managing natural and cultural resources in desert environments - this arena has been an
area of major work in Australia over many decades, where significant international
intellectual leadership can legitimately be claimed in various fields. These include the use
of remote sensing for natural resource management purposes in areas with a sparse
population, particularly for drought warnings and fire tracking in recent years; the
development of new ecological theory relating to discontinuous change and resilience; and
analysis of the peer group management institutions such as Landcare, to mention but a
few. Notable developments within the Desert Knowledge movement recently include the
understanding and modelling of dust production in desert regions over time and space;
institutional arrangements around bush products to enhance production and protect local
interests; and the development of market-based instruments to support biodiversity
management in desert conditions (see DK-CRC, 2005).
• Accessing technical and social services on desert settlements - this arena has been one of
intensive policy development over recent years, which has led to a number of projects
exploring the governance of service provision (eg. the Indigenous Community
of
ANU
and
Reconciliation
Australia,
see
Governance
project
http://www.anu.edu.aulcaepr/governance.php) as well as the technical implementation of
various services such as power (eg. Bushlight, see http://www.bushlight.org.aul) and
telecommunications. Notable developments within the Desert Knowledge movement
recently include the evolution of the idea of 'technacy' - solving problems in their own
context, here that of all the desert drivers; understanding the ways in which resource flows
in remote communities differ greatly from larger towns and cities; and identifying
successful ways of delivering education services in sparsely-settled regions (see DK-CRC,
2005).

Other arenas to be explored include regional economics, business development, and the
linkages between traditional knowledge and science.
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CROSS -CUTTING THEORY IN THE SCIENCE OF DESERT LIVING
A new discipline must have its own axioms and concepts that help explain things that other
disciplines do not. Key potential themes based on the desert drivers that may be developed in
this regard include the following examples:
Living with variability, unpredictability and extremes -an extensive understanding of
how plant and animal life histories respond to climatic variability could help inform how
small businesses should respond to unpredictability in markets and policy (biomimicry);
Living with sparse and patchy resources in space and time -an understanding of the
concept of meta- populations in conservation biology may help to inform networking in
business and governance systems in remote areas; and
Living with local and traditional knowledge in times of change - local knowledge has
immense capacity to inform policy and natural resource management activities, but a
strong emphasis on the links between science and local knowledge systems may also be
more crucial for the future of deserts than for that of other regions.
Two examples in which we have begun exploring issues from one discipline which may give
rise to fundamental concepts that can be applied across disciplines (and business sectors) are:

Vegetation- response models can be applied to desert businesses. The ways in which
different plant life history strategies (ephemeral, annual, perennial, etc) respond to
variability has been studied extensively by ecologists. Analogously, different business
models also respond differently to drivers: for example, the effectiveness of marketing
campaigns may increase exponentially (initially at least); the returns from bidding for
mining contracts have a threshold; and the benefits from communications infrastructure
may be logarithmic. Demand and input supply (as well as competition and margins) are
the drivers of business, and patterns of variability predispose different business models to
surviving desert variability. Over time, the composition of successful businesses reflects
local variability in the same way as that of vegetation (eg. Stafford Smith and Pickup,

2003). Therefore studying business composition can tell us about local variation, and
understanding business models can help build stable businesses in response to this
variation.

Social network analysis and theory can be used to effectively network isolated desert
businesses. Research into agistment networks indicates that variation affects pastoral
networks, and that making information more available can stimulate network

`connectivity' and greater reciprocal cooperation (McAllister et al., 2006). For deserts
there are lessons for ongoing and future networking efforts. Presently, Desert

Knowledge's Linked Business Networks Project is creating hubs for business, and the
desert art network DESART is centralising community art marketing (cf.
http: / /www.desart.com.au). Applying existing models to specific desert contexts will
guide sensible investments in networking.

We anticipate numerous other topics emerging to provide a sound theoretical basis for a
Science of Desert Living, and welcome input from readers on this.

METHODOLOGIES FOR THE SCIENCE OF DESERT LIVING
A given discipline has methodologies that characterise how it is carried out. In the case of the
Science of Desert Living, methodologies must consider how variables will respond to the

desert drivers. For example, climatic unpredictability makes simple replication of
experiments over time impossible in rangelands ecology, so that classical ANOVAs are
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usually inappropriate. The large spatial scales at which management occurs mean that
replicates in space are also usually hard to obtain. Issues such as these highlight the need to

use a particular suite of experimental, data collection and statistical analysis tools in
conjunction with specific underlying conceptual models.

DISCUSSION
Over the coming two years, the Science of Desert Living project is aiming to create a solid

basis for establishing this new discipline, and to prove its worth by helping to provide
findings for management, policy and research itself at different scales. We are embarking on
a series of workshops to draw together the best desert science understanding in different
current disciplinary areas over the next year, gradually synthesising general principles out of
these.

Aside from helping to consolidate an otherwise small and disparate research effort in desert

lands, this new discipline will help to develop a solid underlying theoretical basis for
developing solutions to applied desert living problems more rapidly and confidently. Whilst
the initial focus is on Australia, these principles will be applicable in other desert lands of the

world, and indeed have relevance in other environments where the desert drivers apply
individually. We welcome any inputs.
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ABSTRACT
Extensive agricultural modification of the North Western Slopes and Plains of NSW has
resulted in conditions suitable for the establishment of dense regrowth, especially on private
lands. Recent research has shown that dense regrowth of Eucalypts and other species such as
White Cypress Pine (Callitris glaucophylla) are perceived by the community to be invasive
and to impede normal farming activities. It is widely believed that such regrowth suppresses

groundcover, depletes soil nutrient and water reserves and causes soil erosion. New
legislation in NSW has included provisions for managing many regrowth tree species as
`invasive native scrub'.

We present new data which suggest that, contrary to the perceived problems with dense
regrowth, individual trees of a variety of species contribute positively to the landscape.
Increased soil nutrient status and groundcover were associated with individual trees and
appropriately managed regrowth. Other benefits thought to be gained from tree retention
include shading for stock, increased pasture plant diversity and increased soil stability. We
suggest that the effects of trees on the landscape can be managed to maximise derived
benefits. Future management of regrowth across NSW should therefore consider the benefits
of retained trees as a component of the production landscape.

INTRODUCTION
Over much the South East Australian landscape, extensive modification has resulted in an

overall decline in the native vegetation cover. In some regions however, agricultural
management practices have created conditions that encourage vigorous regeneration of native

trees and shrubs. The resultant dense regrowth stands are often mono -specific, and are
commonly comprised of Eucalyptus spp. or White Cypress Pine.

In North West NSW, regrowth is considered by many to be a significant environmental
problem. In the community, regrowth is widely perceived to be invasive and to impede
farming and grazing activities due to the suppression of ground -cover and the depletion of
water and nutrient availability to pasture plants. In some sections of the community, it is
believed that dense regrowth causes environmental degradation and soil erosion.

In NSW, recent legislation (Native Vegetation Act 2003) seeks to put an end to `broad -scale'

clearing of native vegetation. Other than limited exemptions (for routine agricultural
practices), clearing of native vegetation is only permitted where it can be demonstrated to
"improve or maintain environmental outcomes ". Methods to manage these regrowth stands
are therefore being sought, to balance both native vegetation and production objectives.
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ROLE AND FUNCTION OF REGROWTH STANDS
To do this effectively, it is first necessary to examine the role and functions of these regrowth
stands in the landscape and to assess the potential benefits of retaining such vegetation in the
landscape. By clarifying the role of trees with respect to soil condition, ground- storey
vegetation and other landscape components, more effective methods can be developed to
optimise the integration of native vegetation into production systems. In this paper we discuss
a range of research findings relating to the value of trees in grazing systems.
Soils

There is now a good deal of evidence from higher rainfall areas that soil condition is
profoundly affected by the presence of native trees and shrubs. There is for example,
considerable evidence that, in grazed paddocks, soil nutrient concentrations and pH are
significantly higher around eucalyptus trees and that this enrichment is independent of
livestock camping (Wilson 2002, Wilson and Lemon 2004a, Graham et al. 2004). The nature
and scale of this enrichment varies between species and soil types but is consistently found in
association with all the trees that have been studied.

A concern which is expressed commonly in the community is that dense regrowth, and even
individual trees, place a significant demand on soil nutrient (and soil water) reserves for
growth and development. Contrary to this belief however, it appears that even juvenile trees
have the potential to contribute to the surface soil and pasture nutrient pool. For instance, in a
recent study of juvenile and mature individual White Cypress Pines on private lands in northwest NSW, a distinct pattern of nutrient enrichment was evident inside the canopy of both tree
types (McHenry et al. 2006, unpublished). Groups of trees and woodland stands also seem to

increase soil organic matter and nutrient status compared with the soils of comparable
farmland (Chilcott 1998, Eldridge and Wong 2004, Wilson and Lemon 2004b, McHenry et al.
2006) and there would seem to be a tangible benefit from retaining trees in the system.

The mechanisms that result in these effects are not fully understood but it is believed that
trees act as `biological pumps' (Noble and Randall 1998, 1999) drawing material from deeper
soil layers and depositing this at the soil surface in litter. Nutrients in the surface of soils
under trees also appear to be cycled and re -used much more efficiently. Trees also intercept
dust and tend to attract organisms such as birds and arboreal mammals in otherwise cleared
landscapes, thus contributing a net addition of nutrient, which is deposited at the soil surface.

For inland NSW, trends are less clear. In the Cobar area for example, soils collected from a
number of properties indicated that organic carbon and nitrate nitrogen were consistently
higher under long established pasture than uncleared invasive trees /shrubs (Cobar Vegetation
Management Committee unpublished). Conversely, data from a single property in the Walgett
area showed that organic carbon and total nitrogen were higher under both dense 30 year old
regrowth (approx 8000 species/ha) and open old - growth (approx 50 species/ha) Eucalyptus
coolibah woodland than under comparable open pasture (Norman unpublished). The effect of
trees on soil condition in these environments requires further investigation.

Ground cover
Given the nutrient enrichment under trees, it might be theorised that pasture species beneath
tree canopies could be advantaged. There is indeed growing evidence that pasture under trees
has greater palatability and nutritive value that those species found in open grazed paddocks.
For example, Gibbs et al. (1999) demonstrated that the palatable grass species Microlaena
stipoides was more common in abundance under tree canopies and that the less palatable
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Aristida ramosa was found more extensively in open paddocks. The relative proportion of
these species was related to percentage tree foliage cover. Such a result would seem to imply
that pasture quality does indeed benefit from the presence of trees.

Trees also influence the extent of ground- storey and in dense regrowth stands, it has been
demonstrated that growth and cover of ground- storey vegetation can be significantly reduced

due to competition for water and nutrients (Williams et al. 1999, Watson and Reid 2001,
Eldridge et al. 2003, McHenry et al. 2006). However, this is not necessarily reflected in a
reduction in pasture diversity. A retrospective study of data from a number of properties in the

Lightning Ridge/Walgett area showed no relationship between the composition of
groundcover (at either species or group level) and over - storey density in sites with E. coolibah
regrowth thinned to a range of densities (Norman unpublished). Similar results have been
found in White Cypress Pine regrowth in NSW where no relationship existed between canopy

density and ground- storey diversity. The diversity of vegetation under White Cypress
regrowth appears to instead be correlated more with factors such as rainfall, soil type or land
use history (Thompson and Eldridge 2005, McHenry et al. 2006).
In many circumstances, the loss of groundcover under regrowth is greatly increased under the
added influence of grazing and other activities (Freudenberger et al. 1997, McHenry et al.

2006) and can be associated with land degradation (e.g. erosion). For instance, a loss of
groundcover and poor soil structure were noted beneath the canopies of individual White
Cypress Pine trees at sites where the grazing intensity was high, and tree cover was low.
Conversely, at sites where grazing intensity was low and a range of trees were available for
shade and shelter, there was no significant difference in the cover of ground storey vegetation
beneath the tree canopy versus out in the paddock (McHenry et al. 2006). As such, it would
appear that appropriate management of trees can result in adequate ground- storey vegetation
cover. Such management therefore has the potential to balance the benefits and dis- benefits
of retained trees and to optimise production and environmental benefits.

Water Use
Water competition between different components of the vegetation cover is often cited as a
potential negative impact of native trees and shrub cover in production paddocks. However,
trees can have both positive and negative effects from a water use perspective (Reid and
Landsberg 1999) and, again, the overall effect on the water cycle is not fully understood.
Trees do intercept a significant quantity rainfall due to their large canopies (Wu et al. 2001).
However, the extent to which trees compete with grasses for the water that reaches the ground

is not so clear. Some evidence suggests that trees and grasses compete for water from the
same soil depths (Tunstall and Webb 1981, Harrington et al.1984, Chilcott 1998) while others
(e.g. Johns 1981) suggest that trees and shrubs utilise water from quite different soil depths.

Competition for moisture with groundcover vegetation varies with maturity and species of
trees. Eucalypt seedlings, with their very small seeds, are particularly vulnerable to moisture
competition from established vegetation and typically require a level of disturbance to
groundcover vegetation (e.g. fire or flood) for regeneration to be successful. Other larger
seeded species (e.g. White Cypress Pine) require high rainfall events for germination, but are
better able to tolerate early moisture stress, due to the rapid growth of extensive modified root
systems which allow the plant to exploit a number of zones in the soil profile (McHenry,
unpublished). Many species in arid and semi -arid environments, such as mature eucalypts and
White Cypress Pine have well -developed lateral and taproot systems, which have the potential
to exploit surface soil water inputs from rain or permanent water deep in the soil profile
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depending on the conditions (Evans and Ehleringer 2004). This has significant implications
for the extent to which they are able to survive extended drought and compete for moisture
with sub -canopy vegetation. For instance, in times of low rainfall, trees are able to survive by
accessing permanent water. By retaining higher humidity gradients than surrounding pasture
plants, tree canopies also have the potential to protect underlying grasses and forbs.

Other work has also demonstrated the benefits of trees in increasing or maintaining soil
infiltration capacity beneath their canopies (Eldridge and Freudenberger 2005). This enhances
water movement into the soil and minimises surface wash and consequent erosion. Trees also
intercept atmospheric moisture and contribute this to the soil surface where otherwise it would
be lost. Some trees have also been demonstrated to have a hydraulic lift function (Caldwell
and Richards 1989, Dawson 1993), where water collected deep in the soil is made available to
drier soil layers. Trees in landscapes prone to salt movement also have considerable value and
are known to reduce the effects of deep -drainage and water table recharge in association with

a vigorous ground- cover. The water balance is therefore likely to be moderated by native
vegetation, reducing the intensity of extreme moisture events.

MANAGEMENT OPTIONS FOR REGROWTH
A typical response in the community to regrowth is to clear, burn, or otherwise remove the
regenerating plants in order to return the land to open pasture or other agricultural practice.
However, where the original seed source is still present, clearing can in many circumstances
simply expose the soil surface to further re- colonisation. Successful approaches to the
management of regrowth should therefore be sensitive to the nature of the landscape in
question and the behaviour of the regrowth species. An alternative management approach is
the thinning of regrowth stands sufficient to restore a ground- storey vegetation cover and
thereby optimise the production benefits and environmental services delivered by the trees.

Alongside management of the trees and shrubs however, there is also a necessity to
sensitively manage the other components of the system. In grazing systems for example,
grazing duration and intensity should suit the capability of the land and soil.

CONCLUSIONS
There are many benefits that can be demonstrated resulting from the presence of trees in

production landscapes including nutrient enrichment, higher organic matter status etc.
However, there are also a number of potentially negative effects on production that are
evident for very dense regrowth stands. The challenge for ongoing management and research
is therefore to balance this range of effects to optimise the environmental and production

benefits of retaining trees in the landscape. A range of techniques for the management of
regrowth of a range of species are currently being investigated by the NSW Department
Natural Resources in collaboration with University of New England.
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ABSTRACT
There is a continuum of cattle grazing systems used in the rangelands, with increasing levels
of intensification from continuous, through spelling and rotations, to cells. These aim to
produce environmentally sustainable, productive, economic and socially acceptable outcomes.
This paper comments on some of these issues and describes a research project investigating
grazing systems in the beef cattle industry in northern Australia.

INTRODUCTION

There has been slow and continuous intensification of management systems for beef
production in Australian rangelands since European settlement with the establishment of more
reliable water supplies, varying degrees of fencing and other infrastructure development, and
improved transport. This intensification has increased markedly in recent times. With much
higher land prices, increasing productivity represents a cheaper means of increasing financial
returns than purchasing more land, and producers are seeking to increase production per unit
of land to maintain returns on capital on the increased land values (Ash et al. this volume).

Past management concentrated on increasing production and minimising costs rather than

managing specifically for resources. This led to some damage to pastures and soils as
desirable species were overgrazed and less palatable species increased, and more severe
overgrazing produced bare patches and erosion. These circumstances reduced the productive

and financial capacity of the pasture and limited management options. To manage these
grazing effects, controlling the timing and intensity of grazing is required. Total grazing
pressure, from cattle, other domestic livestock and feral animals, especially macropods, needs
to be managed.

GRAZING SYSTEMS
Grazing systems are the planned management of livestock in space and time i.e. species and
class of livestock, stocking rate (numbers), grazing and resting periods, grazing intensity
(frequency and severity of use), and grazing distribution. Grazing systems have evolved to
maintain/improve the long -term sustainability of grazed landscapes, while providing desirable
levels of animal production, financial returns, environmental health and social support. Using
grazing systems to improve pastures and soils requires an understanding of local ecological
systems including the principles of pasture plant growth and effects of grazing. The basic
premise is to match the grazing pressure to the capacity of the individual plants within a
pasture so they can perform in the manner required to meet the goals of the manager.

Grazing systems can be considered to lie along a spectrum of increasing intensity from
continuous stocking in large paddocks, through rotational and/or spelling systems, to cell
grazing with large numbers of paddocks (Table 1).
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Table 1: Characteristics of less and more intensive grazing systems
Less intensive
More intensive
(e.g. continuous)
(e.g. cell)
Paddock numbers
Paddock size
Paddock independence
Duration of stay
Matching animal numbers to
short term feed supply
Pasture rest
Decision making
Infrastructure costs
Applying other management

Few
Large
Large
Months /years
Little

Many
Small
Little
Days
Much

Opportunistic /reactive
Less frequent
Low
Difficult

Planned
Frequent
High
Easier

HOW DO GRAZING SYSTEMS AFFECT ANIMAL PRODUCTION?
Pastures
If effects are due to impacts on pastures, they will do so by impacting on the quantity of
pasture produced, the quality of pasture produced, and /or the amount of pasture consumed.
Grazing systems aim to manipulate these three factors by controlling the frequency and
severity of defoliation to prevent overgrazing.

In the long term, grazing systems may alter land condition and thus pasture production.
Grasses are most sensitive to defoliation when regrowing and spelling during the wet season
can produce large benefits (Ash et al. 2001). Land in poor condition may produce only 1020% of the pasture produced from the same land type in good condition (McIvor et al. 1995).
What about in the short-term? Overseas evidence suggests systems with many paddocks may
give a small advantage over systems with fewer paddocks. In South Africa Tainton et al.
(1977) found a trend for higher pasture yields with more paddocks but the differences were

not significant while Heitschmidt et al. (1987) in Texas found no significant differences
between a 14 paddock ( 2530 kg/ha) and a 42 paddock system (2670 kg/ha).

A number of reports show an increase in perennial grasses and native legumes with cell
grazing - with long rest periods the large perennial grasses out - compete smaller plants, and a

number of native legumes are trailing/climbing species that exploit the rest period and are
disadvantaged by continuous grazing. Legumes improve pasture quality but what about extra
perennial grass? Ash et al. (1995) compared animal production from pastures dominated by
native perennial grasses with pastures containing less of these grasses and more annual
grasses, forbs and native legumes. At low stocking rates animals grew faster (reflecting their
higher quality diet) on the pastures with less perennial grass. However these poorer condition
pastures grew less herbage and at higher stocking rates the perennial grass dominant pastures
had the highest gains. Grazing systems may increase or decrease pasture quality.

For a given area, the more paddocks there are, the smaller the size of individual paddocks.
Patch grazing is a common feature of large paddocks but with smaller paddocks, pasture
utilisation is more uniform as livestock search all areas. The greater pasture utilisation in
small paddocks can increase animal production per hectare while the greater opportunities for
diet selection in continuous systems can produce higher individual animal production.
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Soils

Healthy pastures with high cover levels maintain good soil surface condition, with reduced
runoff and erosion losses, increased soil biological activity and litter recycling. High cattle
densities in intensive systems can have positive effects on nutrient cycling and may reduce
cattle pad formation lowering the opportunity for erosion channels to form.

Cattle
With increased and more even utilisation of pastures, cattle numbers can be maintained or
increased. However, fattening or finishing cattle may be difficult due to reduced diet selection
capacity and reports of lower production from finishing bullocks need verifying. Fewer bulls
may be required with breeders concentrated in larger numbers and at single or few water
points. Management measures are required to avoid mismothering of calves in intensive
systems where cattle are moved frequently. Cattle are quiet and easier to handle in intensive
systems providing appropriate methods are used. By resting paddocks for 60 -90 days several
times per year, worms can be managed and regularly shifting cattle to paddocks several
kilometres apart is reported to reduce buffalo fly irritation.
Costs

There are high initial capital costs in establishing intensive systems. Adequate (high flow
rates) and reliable (with back -up) water supplies are the major cost, as large herds use one
water point at a time. Open dams or natural waters are not usually suitable in more intensive
systems. Good quality water is required for adding supplements via water medicators.
Fencing is also a significant cost although much reduced with electric fences. Some large
paddocks are still desirable with intensive systems in case water supplies break down, and to
allow for vacations by managers.

MANAGEMENT AND DECISION MAKING
A good knowledge of pasture production and response to grazing is required to run intensive
grazing systems successfully. This may require periodic intensive training. For instance,

McCosker (2000) considers it takes several training events and 3 -5 years practice to
competently manage cell grazing. Good pastures and cattle records are required where daily
decision making is needed to manage a herd at high stocking density in an intensive system.
Intensification changes the amount and timing of labour demand. There are fewer water
points to check at any one time but some labour is required every day for these checks. The
herd, is more congregated, making inspections and handling simpler, and reducing costs and
time required for mustering. Individual water points can be closed off to aid pasture recovery,
by preventing grazing by feral animals. Adding nutritional supplements via water medicators
is cheaper and more effective with large herds on single controlled waters. The pasture yield
assessments allow feed budgeting, and this information can be used to manipulate herd size,

plan buying/selling strategies as opposed to being reactive if feed runs out, or allow
alternative options in periods of feed abundance e.g. taking on agistment cattle.

GRAZING SYSTEMS PROJECT IN NORTHERN AUSTRALIA
Research on carrying capacities and utilisation rates has provided guidelines for long -term
maintenance of pasture and soil condition, but the short-term management of grazing to
optimise sustainability, production and profitability is less well understood. A joint DPIF,
CSIRO and MLA research project commenced in 2005 to quantify the main inputs and
outputs of commercial grazing systems, to provide such information.
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Nine properties, each with two or three grazing systems (continuous, rotation, cell), have been
selected as primary sites in north and south Queensland to cover the effects of amount and
distribution of summer rainfall, and on brigalow and eucalypt land types to include the effects

of soil fertility. Additional secondary sites have been selected to broaden the range of
environments.

Data recorded in each system includes: animal performance (liveweight gain, branding
percentage, condition score), diet quality (by NIRS), pastures (yield, botanical composition,
basal area, utilisation), soil surface condition (Tongway and Hindley 1995), herd
management, grazing pressures, finance (capital and operating costs, returns, profitability),

system management (labour inputs, decision making, training knowledge and support,
networks) and weather conditions. Three to ten paddocks are being monitored at each primary
site, not whole properties. The pasture and soil data will be collected at the end of summer

between 2006 and 2009. Animal production will be recorded as part of normal herd
management. The financial and social aspects of operating the various grazing systems will be
recorded throughout the four -year period. Results from these measurements will be used to

describe and quantify the grazing systems and produce guidelines for producers to use as
decision aids in determining the most suitable system for their land types, environments,
resources, personal capabilities and desired lifestyles. Information will be used in grazing land
management education packages and be available for all land managers.
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ABSTRACT
Resilience is a concept that is intuitively understood by most rangeland managers. Indeed it is
a characteristic required of those who live in the rangelands. In essence it refers to the ability
of a system to recover from a disturbance and persist in its pre- disturbance state, rather than
moving to a new degraded state. Therefore managing for resilience in the variable and highly
unpredictable rangelands is a desirable goal.
Managing for resilience should prevent a desirable rangelands agro- ecosystem from changing
to an undesirable state in the face of a disturbance, by maintaining the underlying ecological,

economic and management components of the system that allow it to recover from
disturbance. A significant body of scientific theory about resilience exists. However, making

the step from scientific theory to managing for resilience is hampered by the fact that
resilience in complex agro- ecosystems has not been adequately quantified nor have the key
elements that confer resilience been identified.

This paper reports on a developing research program to operationalise and test resilience
theory in Australian agro- ecosystems using dynamic systems models that capture the
feedbacks within and between the social, economic and ecological components.

INTRODUCTION
The rangelands of Australia are a highly variable and often extreme environment. They are
typically semi -arid to arid regions, with rainfall < 600 mm per annum, although they also
include the tropical savannas. The occurrence of rainfall in the rangelands is either seasonally
restricted or unpredictable over periods of years, with summer dominant monsoons in the
north, annually unpredictable but largely summer dominant rain in the centre, and winter
dominant rain in the south.

Rangeland ecosystems and their fauna and flora are strongly influenced by water availability,
soil type and soil fertility. The contemporary rangelands, particularly those dominated by
grasses, appear to have come into existence less than 2 million years ago, with a climate trend
to increasing aridity. During this time the fauna and flora have evolved behavioural and
physiological responses for coping with an extreme and variable environment of low nutrient
availability, uncertain water supply, and temperature extremes.

Humans have lived and survived in the rangelands for some 50,000 years, adopting a largely
migratory lifestyle to live within the environmental variability. In the modern era, however,
management practices and human interactions with the rangeland environment have changed

rapidly under the influence of external social, economic and environmental drivers.
Permanent urban and rural communities have established, extensive pastoralism is now the
dominant land use, and enterprises such as ecotourism are gaining prominence.
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Living and thriving in the rangelands is a challenge. In recent times, there has been an
increasing recognition of the importance of "sustainable" land management. Until now, the
science of sustainability has been about harvesting natural resources to: a) maximise their
growth rate, while simultaneously b) avoiding over -harvest. We claim that in highly variable
rangeland systems this idea is too simplistic; we need to foster the health of our systems to
respond to the effects of climatic variability, such as drought. We also claim that this is not
purely a question of ecology; maintaining the economics of on -farm practice and the social
structures that tie rangeland communities together are also critical to the long -term viability of
our rangeland systems. The solution, which we discuss below, involves learning from

experience, adapting to change, fostering community links and information flows, and
incorporating new ways of looking at rangeland systems scientifically.

WHAT IS RESILIENCE?
Many human -modified and managed ecosystems and the communities and industries that
depend on them are failing, degrading or collapsing (Millennium Ecosystem Assessment
2005). This even includes ecosystems that are ostensibly being managed sustainably. There is
increasing evidence that collapse is often triggered by an unusual environmental, social or
economic "shock ". However, research suggests that is often not the shock itself that destroys
human -managed ecosystems, but the inability of the system -at -large to adapt to conditions
after the shock that drive the system to ruin (e.g. Walker et al. 2004). As a whole, these
coupled social -economic -ecological systems are not resilient to change.

Resilience is the ability of a system to return to its previous desirable condition following a
disturbance. It is a dynamic, whole -of- system property, based on the ability of social,
economic and ecological sub -systems to temporarily reorganize following a disturbance to
absorb the effects and recover. To really embrace the ideas behind resilience, we have to
acknowledge that dealing with "average" production and economic figures is useful, but does
not provide all the answers for managing our systems. We must recognize that systems can
collapse both temporarily and irretrievably following even small shocks to the system. We
also need to avoid attributing collapse to the shock itself, and instead ask "what can we do to
enhance the ability of our system to deal with such a shock next time ?"
The science of resilience is still developing. It is difficult to quantify precisely because it deals
with uncertainty, variability and imprecise knowledge; it is fundamentally interdisciplinary

(incorporating social science, economics and ecological and natural sciences); and it deals
with subjective issues (e.g. one person's disaster is another's opportunity). Since the 1960s,
an interdisciplinary field has developed that has provided a framework encompassing these
issues. Today it is represented best by the Resilience Alliance (www.resalliance.org).
RESILIENCE OF WHAT AND TO WHAT?
One of the fundamental tenets of resilience science today is that both the system (of what) and
the shock (to what) must always be defined clearly (Carpenter et al. 2001). Intuitively, we
want our system to be resilient to all perturbations; but scientifically, we need to deal with
well -defined sequences of events.

Our research is focussed on determining the resilience of Australian agro- ecosystems,
including but not limited to rangelands, under a variety of management practices, to factors
such as drought, rising fuel prices and changing social, economic and environmental policy.
These issues are expected to become increasingly important under scenarios of global climate

and climate variability change, globalisation of the world economy, and social and
technological change of the human systems based on Australian agro- ecosystems.
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HOW DO WE MEASURE RESILIENCE?
Modern social -ecological resilience, as promoted by the Resilience Alliance, is a system -wide
property. It depends on social, economic and ecological factors, the interaction between these

system components, and how the components and the interactions between them change
through time and react to external forces or drivers. In addition, it allows for multiple system
states, collapses between states, and total catastrophic collapse.

One measure of resilience is the time required for a system to return to its previous condition
following disturbance (e.g. Pimm 1984, 1991; Orwin & Wardle 2004). However, this
measure implicitly assumes that a system will recover following disturbance, even though

there have been many examples of systems that collapsed to a less desirable condition.
Modern resilience recognises that a disturbance may kick a desirable system (e.g. a grass
dominated rangeland) across a threshold to a less desirable state (e.g. a shrub- dominated
rangeland), from which it may not return unless significant energy is invested in it doing so
(Westoby et al. 1989; Carpenter 2003; Gunderson & Holling 2001). Given that resilience in
this approach is measured after a disturbance, it provides very little predictive ability, and
cannot directly incorporate social or economic effects and interactions.
Ideally we want to be able to measure or assess the current resilience of a social -ecological

system to a range of likely disturbances in order to manage it to avoid degradation or
catastrophic change. This is a major scientific challenge (Carpenter et al. 2001). To embrace
the social, economic and ecological components of the system, while incorporating predictive
capacity, we measure the resilience of mathematical models that we construct to represent real
systems. Specifically, we are pioneering the use of dynamical systems models that capture the
dynamics of feedbacks within and between the social, economic and ecological components.

This model structure is vital to describing the process whereby the action of one system
component, say commodity prices on the global market, affects other components at various
scales. For example, management practice on a farm here in Renmark leads to altered grass
production, which integrates up to affect the regional economy of SA, the Australian markets,

until eventually the affected component has an effect on the structure or function of the
original component, i.e. the global commodity price.

Because the systems we deal with have a significant level of uncertainty, variability and
unknowability, our predictive models exhibit some inaccuracy beyond their immediate scale
of focus. Think of weather forecasting! However, instead of searching for incremental gains
in production or environmental outcomes, we're looking for major thresholds to catastrophic
collapse. Where we demonstrate the potential for a collapse, we can investigate in more detail

while managing the system to minimise the risk of catastrophe. Our techniques are
complementary to other management tools, such as on -farm experience and precise simulation
models.

To date we have developed these techniques to model the resilience of generic landscape
exploitation systems including early societies such as Easter Island, through to modern
hunting -gathering societies, traditional nomadic grazing, modern extensive grazing and
modern intensive agriculture (Fletcher & Hilbert, submitted). We have also started to
investigate specific systems, such as the effect of the clover root weevil on New Zealand's
dairy industry (Fletcher et al. in prep). We are currently seeking research funding to develop
and test this approach in determining the resilience of intensive (dairying) and extensive
(rangeland pastoralism) agriculture. One of the significant research challenges is to develop
and test techniques for integrating multi -scale social, economic and/or ecological models, and
their feedback loops.
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CONCLUSION
The future of Australia's rangeland biological and human communities will depend on their
capacity to learn and /or adapt to a dynamic global, regional and local environment. The
emerging science of resilience, complemented with the mathematical modelling technique we
discuss here, offers an opportunity to learn how social -ecological systems operate at multiple
scales, how these systems can develop or maintain resilience, and how we can specifically
manage for resilience.
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GRAZING LAND MANAGEMENT AT THE CATCHMENT SCALE A NEIGHBOURLY APPROACH!
J. Mills and D. Murray
Fitzroy River & Coastal Catchments Inc, PO Box 288, Rockhampton Queensland 4700

INTRODUCTION
Tackling catchment scale grazing land management issues such as weeds, salinity and water
quality can be quite challenging. In partnership with the Fitzroy Basin Association, Fitzroy
River & Coastal Catchments Inc (FRCC) have used a `Neighbourhood Catchment' approach

to improve grazing land management and achieve catchment outcomes in the Central
Queensland region.

The neighbourhood catchment approach has been used to successfully deliver extension
services and an incentive scheme to assist landholders to adopt improved management
practices.

Since January 2005, 55 landholders in 4 priority neighbourhood catchments have worked with
FRCC to develop land management projects valued at 1.8 million dollars. Landholder

contributions far exceed the amount of external funding committed towards these natural
resource management projects.

A FOCUSED APPROACH
Through the neighbourhood catchment approach, FRCC works with individual landholders
and groups to address natural resource concerns at both the property and catchment scale.
Existing social networks, along with the natural watershed, are used to define the size and
boundaries of a Neighbourhood Catchment. The catchment areas are small enough to allow

landholders to have ownership of the land and water issues associated with their
"neighbourhood ". Social networks are used to encourage participation in extension and
funding opportunities from landholders across the catchment.

FRCC has directed resources including extension services and incentive funding towards
neighbourhood catchments that have been prioritised through a process that considers
biodiversity values, salinity risk, sediment delivery, presence of weeds and the level of
community activity. The localities selected for FRCC's Neighbourhood Catchment activities
were Alligator Creek (1 141 km2), Hedlow Creek (259 km2), Woodbury -Bungundarra (255
km2) and the Upper Fitzroy River (1 430 km2). These areas are predominantly used for
agricultural purposes such as grazing and beef production and small amounts of horticulture,
forestry, dairy and cropping.
Information associated with the adoption of improved land management practices is delivered
to landholders within priority neighbourhood catchments through one -on -one extension and
as group workshops. Property visits are used by Field Officers to meet with landholders and
their families to discuss and plan the application of improved management practices on their
property. Group workshops are facilitated to discuss land and water management issues and
solutions at the catchment scale. As part of their extension service, Field Officers provide
landholders with a direct link to professional land management advice available through
government agencies, consultants and the Fitzroy Basin Association's Technical Officers.
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Funding delivered through the National Action Plan for Salinity & Water Quality and the

Natural Heritage Trust Extension has been used to offset the cost associated with
implementing land management activities for landholders within priority catchments. Field
Officers have assisted landholders to develop project plans and apply for this funding. The

FRCC Management Committee (consisting of representatives from a diverse range of
community stakeholder groups) have played an important role in reviewing and assessing
funded projects.

Monitoring sites have been established within each priority neighbourhood catchment to
detect and record changes associated with the implementation of improved land management
practices. Parameters including water quality, ground cover, land condition and water use
efficiency are measured to detect change at both the property and catchment scale. The
development of monitoring programs, site selection and the ongoing collection of monitoring
information has been landholder driven.

Participation within neighbourhood catchment activities has been strengthen through a
capacity building program including workshops, field days and bus trips focused on the
following topics:
Grazing land management and pasture identification;
Monitoring land condition and improving forage budgeting;
Water quality monitoring and testing;
Fire Management, bushland management, weed management for small blocks;
Property Management Planning and Topographic mapping;
Weed identification and control strategies; and
Improving soil health.
In summary, the FRCC Neighbourhood Catchment process includes the following key steps:
Community engagement through phone calls, information sessions and mail -outs targeting
landholders in the priority area;

Property visits and group workshops to provide information associated with improved
management practices;
An incentive program for on- ground works delivered through individual and group project
development and property planning activities;

A follow -up monitoring program to detect change at both the catchment and property
scale; and
A capacity building program designed around the needs of the target community and
delivered through workshops, field days, bus trips and further one -on -one extension.

Achieving results
Through the neighbourhood catchment program, landholders have strongly demonstrated they
are willing to adopt improved grazing land management practices and participate in activities
to improve the health of their catchment. Neighbourhood Catchment on- ground projects
broadly consist of the following activities:
Development of property management plans including a list of actions and an up to date
satellite image of each landholder's property;
Riparian fencing and off - stream watering systems on grazing properties;
Improving cropping practices;
Strategic catchment scale weed control;
Protecting remnant vegetation and biodiversity values;
Improving the management of salinity affected areas;
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Improving the management of wetlands;
Water use efficiency initiatives on horticultural properties; and
Monitoring at the property and catchment scale.

Within a priority neighbourhood catchment more than 50% of landholders have participated
in activities to improve the health of their catchment. Combined with the effective delivery of
information and planning support, incentive funding has proved to be a powerful tool to assist
landholders to adopt improved land management practices. Table 1 provides a summary of
the project outcomes that have been achieved as part of the neighbourhood catchment
program.

Table 1: A Summary of FRCC Neighbourhood Catchment Project Outcomes
July 2005 - June 2006)
Total Outcomes
Length of rivers & creeks directly influenced by changes in
management practices
Area of land under improved management practices (weeds,
grazing to land types, salinity management)
Area of land under improved farming practices (cropping)
Number of properties adopting water use efficiency initiatives
Area of land being managed specifically for protecting
biodiversity values

87 kms
10 779 ha
190 ha
12

876 ha

CONCLUSION

Fitzroy River and Coastal Catchments Inc. have found the neighbourhood catchment
approach successfully overcomes the challenges of tackling catchment scale grazing land
management issues. Working within a neighbourhood catchment allows landholders to work
together to address natural resource concerns at both the property scale as individuals and at
the catchment scale as a group. The neighbourhood catchment approach taps into existing
social networks to encourage participation in extension and funding opportunities across a
catchment. Outcomes associated with the delivery of resources including extension services
and incentive funding is maximised by focusing on priority catchment areas. Combined with
the effective delivery of information and planning support, incentive funding has proved to be
a powerful tool to assist landholders to adopt improved land management practices. High

levels of participation and on ground results have demonstrated the value of the
neighbourhood catchment approach to improve grazing land management at the catchment
scale.
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ABSTRACT
To report about the extent to which a protected area is actually doing the job for which it
exists we must be able to define natural and cultural integrity of the area; undertake some type
of measurement on the extent to which integrity is conserved, analyse the results; and adjust
management to maintain or improve our performance. An evaluation of Currawinya National
Park indicates that the natural integrity of the park is being maintained despite long -term
drought. Cultural integrity values are gradually being further protected through on- ground
management actions. We examine the combination of scientific monitoring, expert opinion
and `local' knowledge in regards to formulating evaluation tools that may be applicable to a
number of land uses.

INTRODUCTION
In the early 1990s, the extent of protected areas in the rangelands of western Queensland was

expanded significantly to include representation of Channel country and Mulga lands
complexes. This expansion was initially regarded with suspicion by neighbouring landholders
and the wider community. However, many local government organisations and residents now
recognise that the parks provide economic and social benefits for the community, including
recreation, rural employment, tourism and ecosystem services such as catchment protection
(World Conservation Union (IUCN), United Nations Environment Program (UNEP) et al.
1991), (Queensland National Parks and Wildlife Service 2001). However, these benefits can
be delivered in the long -term only if the integrity of the protected areas is maintained. Local
communities are keenly watching to see how effectively the government agencies manage
these lands.

In recent years, much work has been done to develop systems to monitor ecological health

and integrity and to evaluate land management across the rangelands, with a focus on
developing indicators and methodologies which can report on progress across broad areas
(Smyth, Foulkes et al. 2004). It is important that any park -based systems tie in with this
scientific work wherever possible. However, there is also an urgent need to provide relatively
simple and integrated reports on status and progress of protected areas, which can draw on
both scientific information and other sources of data including expert opinion, traditional
owner and local knowledge and the observations of rangers and other field staff.

On protected area systems throughout the world, systems to evaluate management
effectiveness are also being trialled (Leverington and Hockings 2004). The commonly used
framework developed through the IUCN World Commission on Protected Areas (WCPA)
advocates evaluation over the cycle of management, through assessing context, processes,
inputs, outputs and outcomes.
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This paper outlines the approaches currently being trialled by southern region Queensland
Parks and Wildlife Service (QPWS) to evaluate the effectiveness of managing natural
integrity and cultural integrity on protected areas.

METHODOLOGY
Two linked evaluation systems are being used, both of which fit within the WCPA framework
for evaluating management effectiveness. The `rapid assessment program' (RAP) measures a
range of processes and systems, including those concerned with natural resource management.

This is achieved through a questionnaire with a number of check boxes. Questions asked
include "are management plans in place ?" and "are fire management plans in place ? ". A
project to measure management processes and systems in a RAP survey was trialled in 2000
and implemented across the Queensland protected area and forest system in 2003 and again in

2006. The use of RAP as an evaluation tool is based on the assumption that better
management systems and processes will lead to better biodiversity outcomes.

However, it is essential that we also evaluate the outcomes of management. It is recognised

that `outcome' evaluation is the most useful in generating real information on whether
protected areas are fulfilling the roles for which they were declared. It is also critical for
providing information to improve future management. This role is undertaken through
`natural integrity statements' (NIS), which record context (including values and threats) and
outcomes relating to natural integrity.

The natural integrity statement uses a values -based approach (Hockings, Stolton et al. 2001).
Natural values relating to both biodiversity and ecosystem processes are recorded, along with
the natural values relevant to community education and research. The desired outcomes for
managing these values and the current status of each are recorded. Where monitoring or other
scientific information is available, this is sourced and used as the basis for the entry. In many

cases local knowledge is the best available information. Cultural integrity statements are
developed concurrently to ensure the links are well recognised.

The NIS identifies focal values of the reserve, the key attributes of these values and some of
the indicators critical for monitoring and sets thresholds for concern following methodologies
and applied in nature conservancy sites across the world (Parrish, Braun et al. 2003).

The results of these reporting mechanisms in relation to Currawinya National Park are
presented in this paper.

Currawinya National Park (NP23) is located between Hungerford and Thargomindah in the
semi -arid interior of south -western Queensland and abuts the New South Wales- Queensland

border west of Hungerford. The park consists of a mosaic of landforms including low
dunefields, sandplains, lakes, claypans, saltpans, deeply weathered residual ranges and the
alluvial plains associated with the Paroo River and its tributaries. Currawinya is listed as a
Wetland of International Importance under the Convention on Wetlands.

The RAP was undertaken for Currawinya in 2003 and 2006. The 2006 assessment has not
been finalized but preliminary results are available. The 2003 survey indicated that a formal

management plan was approved, a fire management plan was in place and a visitor
management plan was being developed. The 2006 RAP indicates that components of the
management plan have been implemented; the visitor management plan has been approved
and was in place but that most of the fire management plan has not been implemented. There
is no formal document in regards to cultural heritage values of the area.
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In order to develop an understanding of the on- ground outcomes of the plans identified in
RAP, an initial NIS was developed for Currawinya in 2002. This recognized the importance
of the wetland areas but was also guided by the management plan in identifying mound spring
systems and sand plains of the park as significant features. At the time of the initial audit, all
areas of the park were identified as being under stress from a period of drought. In addition,
past grazing history and continued grazing by feral animals and wandering stock were
identified as having significant impacts on the ecosystems. The latest review completed in
May 2006 has identified that the drought has continued almost unabated since 2002. Almost
all wetland areas are now dry except for some waterholes in the Paroo River itself. A recent
survey has identified these waterholes as refugia for turtles.

The continued drought and consequent drying of the major lake systems has resulted in the
total absence of large numbers of wetland and migratory bird species. The long-term impact
of the drought on these species is unknown. Other terrestrial species such as the Major
Mitchell cockatoo are still often observed in flocks of 40 or more.

Ongoing feral animal control and stock removal has not resulted in noticeable large -scale
benefits at this time due to the drought but there appears to be some incremental increase in
cryptograms. In areas where stock -proof exclusion fencing has been erected, some recovery
of the system is occurring despite the drought. This recovery has been so significant that
bilbies were released into the exclosure in November/December 2005. Recovery is also
evident in areas of springs where goat exclusion fencing has been erected. Numbers of eastern
grey kangaroos and wallaroos have declined during the drought. No burning regime has been
able to be introduced other than some experimental areas that were undertaken in 2002 -2003
lue to the ongoing drought.

Currawinya has significant indigenous and European cultural heritage values. In the 2002
NIS, it was noted that a number of indigenous sites had been mapped and that a number of
European oral history stories were known but had not been documented. Relationships with
local indigenous groups were thought to be effective. By 2006, improvements included
vehicle barriers, formalized tracks and car parks in several areas to further protect some of the
spiritual sites of the park. None of the oral histories had been documented but some of the
cultural buildings such as the woolshed had been stabilized to allow continued use for public
education purposes.

The main impact of the bilby re- introduction program to date has been education of the wider

public in regards to conservation as actual re- introductions have only occurred since late
2005.

DISCUSSION
Natural integrity has components of scale in both space and time ((King 1993)), with events
that seem catastrophic on a small scale, such as fire or flood, creating a mosaic of habitats,
which actually contribute to ecosystem integrity on a larger scale. While scrutinising any
particular component of semi -arid ecosystems can lead to false or inaccurate information, the
compilation of a number objective and subjective observations at any one time will give a

more accurate indication as to the true status of the system. The NIS achieves this. The
current NIS for Currawinya demonstrates that there has been some recovery in the systems
despite the prolonged drought occurring in the area.
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Both the RAP and NIS programs provide valuable information in their own right in regards to

how a protected area is being managed. However, the combination of the two allows the
completion of the action learning cycle that allows planning, actions, review and adjustment
of management. Too often in the past, the cycle has been short circuited by other short-term
priorities. When the two systems are combined, they provide a very useful tool for other

planning mechanisms. When a number of statements are combined, they can provide a "State

of the Parks" report at bioregional or state levels. At the individual level they provide

excellent information for the business planning and work plan cycles. It also allows reflection

and an acknowledgement of these on- ground staff who sometimes feel overwhelmed by
competing priorities.

To be fully effective, an "expert" panel format should be adopted for developing the MS,
which can integrate scientific and local knowledge. These panels allow data shortcomings to
be identified and a "best guess" estimation to be developed. The NIS should be reviewed

every three to five years. This allows the current status of systems to be reviewed;

management actions to be modified or refocused if necessary; the status of the protected area
to be reported; and past experience to be passed onto new staff.

It is suggested that sections of the NIS and RAP tools are applicable to land managers other
than protected area managers. These sections would assist in the business management cycle
and allow some analysis of environmental outcomes.
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ABSTRACT

A strong ethos of independence is a well known characteristic of rangelands pastoral
businesses. It is only in relatively recent times that pastoral businesses have begun
participating in cooperative approaches to natural resource management and business
improvement and development.

The Outback Lakes SA group was formed by a number of South Australian pastoralists to
examine a perceived opportunity to improve returns through regional branding and group
marketing of livestock and other produce and services. Group members are also benefiting
through improved levels of confidence, development of leadership skills and maintenance of a
positive attitude during a severe drought.
The group's journey so far provides a practical example of the process behind, and key factors

underpinning, the successful formation and development of a business oriented producer
group in the rangelands.

INTRODUCTION
A strong ethos of independence is a well known characteristic of pastoral businesses in
Australia's rangelands. Until relatively recent times, this was a practical necessity. The
extreme physical isolation of properties and poor and unreliable transport and communication
meant that people from different businesses were rarely able to "get together" to share ideas
and help each other; they were conditioned to being self reliant.
Pastoral properties adjacent to the large salt lakes (ie Lakes Eyre, Torrens and Frome) of north
eastern South Australia are, for the most part, independent, family owned enterprises. Until

the late 1980's, formal cooperation between people from these strongly independent
businesses was mostly limited to groups which provided important social infrastructure and
services to their communities, such as local hospitals, progress associations or the gymkhana
and race club.
The early 1990's saw the expansion of South Australia's Soil Conservation Board system into
the pastoral areas of the state. For many in this region, it was the first time that they had been
involved in cooperative approaches to natural resources management. The coordinated and
sophisticated response of the pastoral community in this area to a proposal to nominate the
Lake Eyre Basin for World Heritage listing in the mid 1990's demonstrated how quickly it

became used to using group approaches to sharing information on, and developing
cooperative approaches to, natural resource management.
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It has only been in the last decade however that South Australian pastoral businesses have
begun participating in groups focussing in business matters (eg fmances, enterprise
productivity, marketing etc.). A number of Property Management Planning groups were
formed in the mid 1990's which, amongst other things, introduced participating businesses to
the concept of production and fmancial benchmarking. Some of these have continued on as
BESTPRAC groups, which have provided a useful and safe forum for participants to share
production and financial information and ideas, to improve their individual businesses.
However, there have been few successful examples of groups in the region formed to develop
cooperative approaches to business, such as group marketing of produce.

GROUP FORMATION AND DEVELOPMENT
Formation
What is now the Outback Lakes SA group was formed during a meeting of nine northern SA
pastoral businesses in August 2003, who were unhappy with the CATTLECARE
accreditation system and who shared a belief that there were other opportunities to give them
a marketing edge and improve returns, through group marketing and regional branding.

Development
Group members decided that, to begin with, they would undertake a period of information
gathering and training, focussing on three key areas of concern to the group; marketing

(general concepts), risk analysis and governance. It was felt that this would give group
members enough information to decide if the above opportunities were broadly feasible, as
well as time to decide whether they wanted to work together in this way. A training program

addressing the aforementioned key areas of concern was developed and delivered by a
specialist provider and a facilitator working in tandem. This initial phase took 18 months.

During this phase, a number of important decisions were made. Firstly, the group developed a

shared vision, "Businesses successfully translating the region's strengths into premium
products, optimum profits and improved environmental outcomes ". Five objectives (quality

assurance, marketing, promotion, information and funding) were also identified, which
summarised the group's major areas of focus. Three of the five objectives (promotion,
funding and quality assurance) were identified as the initial priorities for group activity.
Secondly, the relationship between the individual businesses involved in the group was
formalised through the development and signing of a memorandum of understanding (MOU).

The MOU documented the group's objectives and dealt with matters such as eligibility for
membership, procedures for joining and leaving the group, formal positions within the group,
group finances and procedures for decision making. Recently the group has taken to further
formalise itself by becoming an incorporated body.

The group has since been working on their three priority areas; promotion, funding and
quality assurance. Specific projects addressing each priority area were identified and agreed,
with all group members involved in one or more projects. Further training opportunities were
also identified and undertaken.

ACHIEVEMENTS TO DATE
The group's vision and objectives were never intended to be achieved in the relatively short
period that it has been in existence. However, it has still made significant progress.

Tangible achievements have included the development of a group logo (to be used in
branding), a website (www.outbacklakessa.com.au), a prospectus and brochure and a
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successful application for funding of a project to research the nutritional value of native
pasture plants commonly grazed by livestock in the area. The group has also provided critical
mass for a number of training and development activities to be conducted in the area; some of

these activities would have been unlikely to occur without the group's support and
coordination. Test marketing of product (beef and lamb) from group member's properties will
be a focus in coming months.

More important however have been the non - tangible achievements of the group.
Involvement in the group has increased the confidence of members in their capacity to work
together harmoniously on business matters, which often involve complex and difficult issues.

The leadership skills of many group members have also developed since the group was

formed. This not only benefits the group itself but also benefits the small, isolated
communities in which the members live, where people willing and able to take on community
leadership roles are often at a premium. Finally, it has allowed group members to maintain a
positive attitude during a severe and prolonged drought; they are actively working to create a
better future rather than focussing purely on survival.

KEY FACTORS IN THE GROUP'S SUCCESS
The key factors contributing to the successful formation and development of the Outback
Lakes SA group can be grouped into two areas, people and process.

People
A number of factors associated with the people involved enhanced the chances of this group's
successful formation and development. Firstly, relationships already existed between many of
the group's members prior to its formation; mostly at a social and community level. Therefore

a degree of familiarity and trust had already been built. Secondly, all group members
demonstrated a willingness to learn and explore new ideas very early on, even if they found
some ideas challenging. Thirdly, group members quickly accepted the responsibility for the
success of the group and its effective operation. This was reinforced through adherence to
adult learning principles and the use of an action learning process (Fell, 1997) throughout the
information gathering/training phase. Finally, the group has had strong but unobtrusive
leadership throughout its journey. In the early stages of the group's development, this role
was effectively shared between the external facilitator, who provided "up front" leadership
during meetings, and a couple of group members who acted as "drivers" and encouragers
during and in between meetings. An external facilitator is now only used when particularly
difficult or complex issues are being discussed.

Process
From the very beginning, sound principles and processes for change management and adult
learning were consciously used by the group and its trainers and facilitators, to ensure that
important steps in the group's development were not neglected.
The seven factors for successful change programs described by Cacioppe, (1997) have proven
to be a useful checklist for the group which, so far, has been reflected in its journey. Pressure
(or desire) for change brought the group together, after which they developed a clear, shared
vision. This was followed by a period where the group developed capacity for change (ie the
information gathering/training phase) which, in this case, is ongoing. The group then decided
upon and is currently implementing a number of "first actionable steps ". The remaining three
factors (model the way, reinforce and solidify change, evaluate and improve) are only just
being experienced by the group.
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Adherence to adult learning principles and the use of an action learning process (Fell 1997)
were important during the group's development phase; both recognising and encouraging the
responsibility that group members have to take for their own learning; what they learn, how
they learn and how fast they learn. This is in contrast to a traditional "technology transfer"
approach, which tends to place both the power and responsibility for effective learning in the
hands of the trainer.

CONCLUSION
The successful formation and, to date, development of the Outback Lakes SA group provides
a practical example of how a business oriented producer group can develop in the rangelands.
A desire for change, a shared vision and a willingness to explore new ideas are considered
essential for group foundation. Pre - existing relationships amongst group members are
highly desirable.

The acceptance of responsibility by group members for the success of the group and
unobtrusive but strong leadership are considered essential for effective group development.

Adherence to proven change management and adult learning principles and processes
reinforce these tendencies, as well as creating an effective and safe learning environment.

The involvement of an independent facilitator is highly recommended during the early stages
of group development.
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ABSTRACT
The Western Australian Rangeland Monitoring System (WARMS) provides an assessment of

change at district or vegetation group level. Site density is insufficient for lease -level
assessment; such assessments are made by ground traverse during lease inspection. Using
WARMS data to identify district -level changes, the extent to which broad -scale changes are
reflected on individual leases can be determined.
By comparing both datasets (broad -scale and lease -level), those making judgements about the

influences of management should be better able to attribute causal factors to the observed
change, and so better evaluate the outcome of management actions. For example, broad -scale
data might suggest widespread increases in perennial grass frequency across the district, yet
observations on an individual lease in that same district may show a decline over the same
period. This would signal that management may have led to the decline, prompting more
detailed examination.

INTRODUCTION
Range condition assessment and the capacity of pastoral land to carry stock are relatively well
understood, although debate about techniques and appropriate models continues (see Watson
et al. 1996, Westoby et al. 1989). However, less well understood are the causes of identified
changes. This uncertainty often leads to considerable debate between land managers and
regulatory staff of land management agencies. The debate is not only about responsibility,

because without some certainty as to the causes of change, decisions as to appropriate
management responses will always be fraught with difficulty. Potential drivers of change
include seasonal conditions, grazing pressure and management, fire history and, importantly,
the interaction of such drivers. Without some confidence in the attribution of the change,
dialogue between managers and regulators will focus far more on causality than on how best
to achieve improvement in range condition.

Assessment of Western Australian pastoral leases results in a range condition report, which
includes advice to the Pastoral Lands Board of WA regarding any issues on the lease. On
those leases where range condition is considered unsatisfactory, management is obliged to act
to address the problem(s) identified. However, in defining a response, there is often debate as
to cause, and factors beyond management control, particularly unfavourable seasons, are often
cited by managers as being fundamentally responsible. Such managers may assert that current
management is appropriate, and that with a return to favourable seasons the problem will
rectify itself. This often causes acrimony between agency staff and managers, and delays any
implementation of remedial management.

287

The Western Australian Rangeland Monitoring System (WARMS) provides an objective
assessment of change in perennial vegetation at the district or vegetation group (pasture type)
level. WARMS is a ground -based system with permanent sites, but because of the relatively
low density of WARMS sites, it is not possible to report at the individual lease scale. Rather,
WARMS functions to provide a broad -scale picture of rangeland trend and in doing so
integrates the impact of those general drivers that are not subject to individual management
decisions. Consequently a group of WARMS sites can be used to provide a context within
which one or more pastoral leases operate and so overcome the problem, at least partially, of
establishing causality. Although individual WARMS sites may have been overgrazed, it is
unlikely, although theoretically feasible, that all WARMS sites in a given district, or of a
given vegetation type, have been subject to inappropriate management. This paper provides
an example of how the information from WARMS sites can be used to interpret information
from traverse assessment conducted at the lease level.

METHODS
WARMS sites are assessed every three years, with around one third of sites assessed
annually. The frequencies of all perennial and some pastorally significant biennial grasses are
recorded at the species level on permanent sites. Sites were initially located to represent the

most common vegetation state for the vegetation type concerned. Data from the East
Kimberley (39 sites) were evaluated from assessments made in 1996 through to 2005. The
earliest WARMS data were collected immediately before the "base" traverse assessment of
the case study lease, and the last just prior to the most recent traverse assessment. WARMS
data were assessed at both the pasture community level and as "all sites ". Changes in
perennial grass frequency between assessments were evaluated and used to determine the
general trend (in terms of drivers of range condition) experienced in the region from 1996 to
2005 to provide a general picture of change.
The range condition of pastoral leases in Western Australia is assessed by ground traverse,
generally every six years. Both pasture condition (similarity to pristine vegetation) and soil
condition (extent of soil erosion) are assessed at 1 kilometre intervals along selected traverses
throughout the lease. Pasture and soil ratings are combined into an assessment of range
condition. For the lease under consideration, range condition data were analysed at the pasture
community level on two occasions (6 years apart), and were evaluated to determine the
pasture condition status of the lease at the time of the second assessment (2005) as well as the
change that had occurred between the two assessments (1999 and 2005).

RESULTS

WARMS data suggest that conditions were generally favourable for perennial grass
establishment and expansion from 1996 to 2005 (Figure 1).
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Figure 1: Perennial grass frequency ( %) from WARMS sites, East Kimberley
Perennial grass frequency increased throughout the period under question, except for the final
sampling interval when there was a slight, although not statistically significant, decline. This

was to be expected given the favourable run of seasons from 1993 to 2004, providing an
extended period favourable for perennial grass establishment and development. Therefore,
WARMS results suggest an expectation for either maintenance of range condition (on leases
where condition was generally satisfactory) or an improvement in condition elsewhere.

There were differences in the change in range condition among pasture communities
(Table 1).

Table 1: Mean range condition score on two occasions (1999 and 2005) from a sample
lease in the East Kimberley. WA
Pasture Type
Black soil
Hard spinifex
Ribbon grass
Arid short grass
Soft spinifex

Mean Range Condition

Mean Range Condition

Score* (1999)

Score* (2005)

1.7

1.0

1.5
1.1
1.7

3.0

3.0

1.1

1.3

1.1

Ratings: `Good'= 1; `Fair'= 2; 'Nor'= 3.

The range condition of Ribbon grass (Chrysopogon fallax) pasture type declined from 1999 to
2005 and Black soil pasture type improved slightly, while a second pasture type (Arid short
grass pastures) was rated as being in `poor' range condition at both assessments.

DISCUSSION

In the case -study example, district changes inferred from WARMS data suggested an
expectation that range condition would have either been stable or improving at the lease level.
For the case -study lease, this was essentially correct, suggesting that lease -level drivers (i.e.
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management decisions) were not particularly different from the general trend. This, in turn,
suggests that management has generally been appropriate over this period. However, the
decline from `good' to `fair' range condition in the Ribbon Grass type and the continuing
`poor' condition of the Arid Short Grass type over the six year interval does suggest that, in
these particular instances, management may have been inappropriate. For example, cattle
preferences for these pasture types may have induced an actual grazing pressure significantly
above that applied by the manager within the management area concerned, and the pasture
communities have not been able to benefit from the favourable seasonal conditions (as
reflected in the overall WARMS data). In this case, reductions in livestock numbers and
changes to grazing patterns could be warranted.
District -level change is influenced by the collective management of those leases in the chosen
region in response to rainfall, fire etc. The ability to define a "district environment ", within
which changes in range condition at the lease level can be assessed, strengthens the capacity
of both managers and agencies to define the drivers of change and so determine any required
management actions. While this technique does not provide absolute certainty, the strength of
the WARMS data lies in assisting to focus discussion by providing a "benchmark" statement
of the impact of all drivers integrated across the district, with lease -level change differences
from this being clearly identified. Since "lease- level" factors are most frequently
management- induced, negative changes in range condition are more easily ascribed to a likely

cause.While this may have been considered evident at some level previously, the added
information provided by the WARMS sites assists the reporting officer in defining causality
and so identifying whether any lease -level management changes are required.
CONCLUSIONS
Regional scale monitoring can provide context for changes observed at the lease scale, and so
help determine whether lease -level changes are primarily due to management or to seasonal or
other non -management factors. With this information, debates as to causality can be reduced
and management actions targeted to achieve maximum response.
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ABSTRACT
The ability of heavy, light, and variable stocking, rotational spelling (R/Spell) and a SOIVariable strategy to cope with rainfall variability was tested over 8 years. Individual annual
live weight gain (LWG/hd) was consistently higher under light than under heavy stocking,
with LWGs in other strategies intermediate between these levels. LWG/ha was highest under
heavy stocking but the strategy was not sustainable, requiring feeding and partial destocking
in dry years. Pasture composition and yield were best in the light and R/Spell but poorest
under heavy- stocking. Overall, light gave superior pasture condition and individual animal
performance and reduced costs relative to heavy stocking. The SOI, Variable and R/Spell
strategies show promise as a means of coping with rainfall variability but all require further
testing.

INTRODUCTION
Rainfall variability in north Queensland is high, leading to fluctuations in pasture production
and carrying capacity between years. Overstocking and/or only responding to dry years in a
reactive fashion can incur major economic losses for producers through the costs of drought
feeding, agistment and even stock loss. Drought and overstocking also lead to loss of ground
cover and perennial grass species and increased runoff (McKeon et al. 2004).
A number of grazing strategies are currently recommended to manage for climate variability
e.g. light stocking, variable stocking and/or spelling (O'Reagain et al. 2003). However, little
objective data exists on their long -term profitability and sustainability. hi 1997 a grazing trial
was established to address this issue (O'Reagain & Bushell 1999). We present data on the
effects of these strategies on animal production and pasture condition over 8 years and discuss
some possible economic implications.

METHODS
The study was conducted on Wambiana Station near Charters Towers, north Queensland
(mean annual rainfall = 650 mm; C.V. = 40 %). Most precipitation falls during the hot
summer months. The site is an open Eucalypt savanna on relatively infertile tertiary
sediments. Ten c. 100 ha paddocks were laid out in 1997 in a randomised block design of 5
treatments replicated twice. Strategies being tested are (i) light stocking rate (LSR): 8ha/ large
stock unit ( LSU= 450 kg steer)), (ii) heavy stocking rate (HSR): 4 ha/LSU, (iii) variable
stocking rate (VAR): 3 -10 ha/LSU - stock numbers adjusted annually in May according to
available pasture, (iv) a SOI (Southern Oscillation Index) - variable strategy - stock numbers
adjusted in November according to available pasture and SOI -based rainfall predictions (SOI:

3- 10ha/LSU) and (v) rotational spelling (R/Spell: 6 ha/LSU) - one third of the pasture
annually wet season spelled to buffer variability in feed supply between years. Due to good
rainfall the VAR and SOI strategies were initially run at 3.5 - 5 ha/LSU (1998- 2001), but
stocking rates were reduced thereafter to about 9 -10 ha /LSU as rainfall declined.
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Between 1997 and 2000, 18 month Brahman -X steers were used, with all being replaced
every May. From 2000 paddocks contained equal numbers of 18 and 30 month old animals
with the older cohort being replaced every May. Animal numbers varied from 11 -35 per
paddock, depending upon the treatment. Annual live weight gains were calculated from the
difference between fasted start and end weights. Dry- season lick (32 % urea), wet season P
(14.76 % P, 21.87% urea) and Compudose hormone growth promotants were used from May
2003 onwards. Low pasture yields ( <200 kg/DM/ha) in late 2003 and 2004 necessitated
molasses and urea (M8U) drought feeding in the HSR. Cattle were removed from one
replicate of the HSR in December 2004 but returned in February after good rains. Pasture
total standing dry matter and species contribution to yield were assessed annually in May
using BOTANAL (Tothill et al. 1992). Plant data were grouped into eight functional groups
i.e. 3 -P and 2 -P (palatable, productive and/or perennial) grasses, wire grasses (Aristida and
Eriachne spp.), annual grasses, `other grasses', forbs, legumes and sedges. Statistical analyses
were done using ANOVA on the GENSTAT program.

RESULTS
After applying the strategies for eight years, the yield of 3 -P grasses at the end of the wet
season in May 2005 was ten fold greater (p<0.05) in the LSR than in the HSR (Figure 1) : 3 -P
species made up 63% of the total yield under light stocking but only 25% of the yield under

heavy stocking. Conversely, the contribution of annual grasses to yield was greatest under
heavy stocking (37 %) but least under light stocking (10 %). Under heavy stocking, wiregrass
as a % of total yield was also almost twice that under light stocking (15 vs. 8.7 %). Pasture
composition for the SOI, VAR and R/Spell treatments was intermediate between the heavy
and light treatments. The total amount and proportion of grazeable forage was thus greatest in
the LSR and R/Spell, lowest in the HSR and intermediate in the VAR and SOI strategies.
1500 -

® Other grasses
Sedges
m Legumes
O Forbs
O 2 P Grasses

B Wire grasses
O Annuals
3 P Grasses

0

VAR

R \Spell

SOI

HSR

LSR

Figure 1: Contribution (kg/ha) of species groups to yield in
May 2005 under different stocking strategies
(VAR = variable, R/Spell= rotational spell, SOI = Southern Oscillation Index, HSR =heavy
stocking rate and LSR =light stocking rate)

As expected, mean annual live weight gain per head (LWG/hd) varied markedly between
years, reflecting inter -annual rainfall variability (Figure 2). Treatment also had a significant
effect (p <0.001) on LWG/hd which was consistently higher under light stocking than under
heavy stocking (mean: 126 vs. 95 kg/yr). LWG/hd in the R/Spell (mean: 108 kg/yr), VAR
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(mean: 111 kg/yr) and SOI (mean: 111 kg/yr) strategies, varied between these extremes and
largely depended upon stocking rate. On leaving the trial after two years, lightly stocked
animals were 50 -70 kg heavier than those from heavily stocked strategies and in most years
received appreciable price premiums due to superior condition (data not shown).

The effect of the different strategies on LWG was most noticeable in the dry season: while
animals maintained or even gained weight under light(er) stocking, weight loss usually
occurred in the heavier stocked regimes, despite urea supplementation. Drought feeding
(M8U) was required on occasion in the HSR to halt extreme weight loss as happened in the
2003 \04 and 2004 \05 dry seasons.
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Figure 2: Annual rainfall and live weight gain (LWG) per animal (Left) and
per hectare (Right) for different grazing strategies 1998 - 2005
Treatment abbreviations as before

LWG/ha also varied markedly between years according to rainfall (Figure 2). Treatment
significantly (p <0.001) affected LWG/ha but the effect was inconsistent due to variability in

rainfall and, in some cases, stocking rate between years. Generally the greatest LWG/ha
occurred in the heaviest - stocked strategies e.g. the VAR strategy in 2000/01 while the lowest

occurred in lightly- stocked strategies. In 1999/00 the HSR produced almost twice the
LWG/ha of that produced in the LSR strategy (27 vs. 14 kg/ha). These differences later
narrowed, so that by 2003/04, LWG/ha in the HSR and LSR were fairly similar (14 vs. 12
kg/ha). Importantly, the HSR had to be destocked by c. 40 % in June 2005 due to the extreme
shortage of forage. This situation may in future be reversed by a return to good seasons but it
does suggest that constant heavy stocking is not sustainable, at least in the medium term.

DISCUSSION
The trial data suggest that heavy stocking will give the greatest LWG/ha, at least in the short
term, but this will be at the expense of pasture condition. Experience also suggests that a
significant decline in carrying capacity is inevitable, but this requires validation in the longer
term ( >8 years). Light stocking delivers major benefits for pasture condition and animal
production, producing heavier animals of larger frame size, that reach turnoff sooner than
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those under heavy stocking. These will be more marketable and will command a premium at

the meatworks because of the weight- for-age pricing structure. In the longer term,
improvements in pasture condition could also increase animal productivity and possibly,
carrying capacity. There is also some evidence that strategies that adjust stock numbers in
relation to seasonal (i.e the VAR and SOI) strategies have the potential to capture the superior
production/ha of heavier stocking in good seasons without incurring the costs of drought
feeding or causing significant overgrazing in poor seasons. A possible disadvantage however
of such systems is the increased management skill required and greater environmental and
economic risk.

In conclusion, the trial should be continued so that the long term effects of the different
strategies on animal production and pasture condition can be quantified and the exact nature
of any effect of declining resource condition on secondary production quantified.
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ABSTRACT
Summer rainfall is the dominant influence on pasture composition in Astrebla grasslands,

although grazing can modify this rainfall influence. Predictions for climate change for
northern Australia suggest reduced rainfall totals with increased rainfall variability.

This paper compares the frequency of four grass and four forb species on two sampling
occasions in Astrebla grassland. The first sampling occurred following three years of
increasing summer rainfall while the second sampling occurred following three years of
declining summer rainfall. The frequency of three of the four grasses was higher following
good rainfall while that of the four forb species was higher following below above rainfall.

Results indicate that, with a likely climate change scenario of reduced rainfall coupled with
increased variability, that Astrebla grasslands are likely to have increased Astrebla spp. plant
turnover, higher forb and lower grass species frequencies. Grazing management will need to
monitor these changes in species composition to adjust carrying capacities for sustainable
production.

INTRODUCTION
Large changes in species composition in Astrebla (Mitchell grass) grassland occur in response
to trends in seasonal rainfall. For example, On (1986) measured substantial changes in
pasture composition between 1972 and 1984 and related these changes to short term trends in
seasonal rainfall. These changes reflected the two distinct components of Astrebla grassland
vegetation: firstly, Astrebla spp. tussocks are long lived with few major recruitment events
and; secondly, the suite of mainly ephemeral species whose populations fluctuate rapidly over
a relatively short period of time (Orr 1986).

Climate change is an important global issue that is yet to be recognised by many rangelands
users (McKeon et al. 1998). These authors suggested that, while the possible future changes
in summer rainfall appear to be of the same magnitude as that experienced in 30 year rainfall
periods experienced over the past 100 years, the key issue for grazing management is the
change in climate variability, especially in the sequence of wet and dry years. Gabriel and
Wilcocks (2004) have projected that total annual rainfall across Queensland will decline by up
to 15 percent coupled with increased variability. The greatest reduction in soil moisture will

occur in inland areas because of the combined effects of reduced rainfall and increased
temperatures. Given this climate change scenario, and the fact that seasonal rainfall drives
species composition, climate change induced changes in species composition are likely in
Astrebla grasslands and may have implications for long term carrying capacities.
This paper presents the results from an ongoing study of plant species diversity. Specifically,

here we compare and contrast the frequency of four grass and four forb species at two
different phases of the longer term rainfall cycle - firstly following three consecutive years of
above average rainfall and again following three consecutive years of below average rainfall.
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METHODS
A grazing study incorporating 6 grazing treatments was established in Astrebla grassland at
"Toorak" Research Station, Julia Creek in 1984 and remains current in 2006. Treatments are
unreplicated paddocks where sheep numbers are adjusted annually to consume 0 (exclosure),
10, 20, 30, 50 and 80% of the total forage available at the end of each summer growing season
over the ensuing 12 months. Paddock sizes are 1, 54, 27, 18, 12 and 7 ha respectively. Mean
annual rainfall at Julia Creek is 401 mm with 85% falling between October and March.

Ephemeral species are often present briefly following rainfall and are selectively grazed by
sheep, especially the forbs, making field studies of overall plant species diversity potentially
unreliable. In contrast, greenhouse studies of the soil seed bank can more reliably determine
species occurrences.

Plant species diversity was determined by germinating seed within soil samples collected
during September 2001 and October 2004. Soil samples were collected within 60 x 60 metre
grid cells across the experimental site using a Geographic Positioning System (GPS). Each
sample comprised 4 individual soil cores (5 cm diameter and 5 cm deep) and a total of 16,
162, 69, 49, 36 and 20 soil samples were collected from the 0, 10, 20, 30, 50 and 80%
treatments respectively. Further details are provided in On and Phelps (2003).
RESULTS
Rainfall trends
The spring 2001 sampling occurred following 3 consecutive summers of above average
rainfall (1998 -99, 1999 -00, 2000- and 2001) while the 2004 sampling occurred following 2
consecutive summers of below average rainfall (2001 -02, 2002 -03) and 1 summer (2003 -04)
of near average rainfall (Figure 1).
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Figure 1: Deviation ( %) from mean summer rainfall between
1998 -99 and 2003 -04 at "Toorak" Research Station, Julia Creek
(Arrows indicate sampling dates)
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Changes in species occurrences
Three of the four grasses, Astrebla spp., Iseilema spp. and Brachyachne convergens, had
higher frequencies in 2001 than in 2004 (Figure 2). In contrast, all four forb species had
higher frequencies in 2004 than in 2001.
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Figure 2: Changes in the frequency ( %) of 4 grass and 4 forb species in Astrebla
grassland at "Toorak" Research Station, Julia Creek between 2001 and 2004
DISCUSSION
This study demonstrates that large shifts in species frequencies occur over relatively short
periods of time in Astrebla grasslands consistent with earlier studies in these grasslands
(Everist and Webb 1975, Orr 1986). Such changes in composition need to be interpreted in
relation to the two components: Astrebla spp. and the suite of ephemeral grasses and forb.

Extremes of seasonal rainfall variability have been associated with phases of the El NiñoSouthern Oscillation (ENSO) and year -to -year rainfall variability is a key feature driving
Astrebla spp plant dynamics. Life span of Astrebla spp. tussocks exceed 20 years with
substantial death resulting from extended or severe drought periods e.g. Cunnamulla in 1982
and Julia Creek in the late 1980's (Orr 1998). In contrast, recruitment events require long
periods of moisture availability such as can occur during La Niña conditions. For example,
1982 and 1987 were El Niño years and were associated with severe droughts at Cunnamulla
and Julia Creek. The breakdown of the 1982 El Niño in autumn 1983 and the 1987 El Niño
during 1988 -89 provided the warm and wet conditions necessary for seedling survival and so
contributed to major recruitment events (Orr 1991, On 1998). Therefore, the climate change
scenario of reduced total rainfall with increased variability may increase Astrebla spp. plant
turnover through reduced survival which may be offset by more frequent recruitment.

Reasons for lower rainfall reducing the frequency of grass species and increasing that of forbs

are not clear. However, forbs generally flower and seed earlier than grasses in Astrebla
grasslands. Therefore, reduced total rainfall may favour forbs at the expense of grasses. In
particular, the reduced frequency of the annual grass Iseilema spp should enhance Astrebla
spp. recruitment which occurs when the density of Iseilema spp. is low (Orr and Evenson
1993, Orr 1998).

The current and future impact of climate change is an important component in assessing the
likely changes in Astrebla grasslands. However, the impact of climate change on major
sources of variability such as ENSO and year -to -year variability (e.g. length of droughts,
intensity of drought, frequency of La Niña events) is as yet uncertain. Similarly the response
of species to unprecedented events is unknown (e.g. the combination of rainfall deficit and
temperatures higher than previous experience). Hence, continued monitoring of species
response to emerging conditions will be an important component for predicting species
responses and in adapting management to climate change.
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In terms of the future grazing management, Astrebla spp. is the major forage source for
grazing animals while the ephemeral species are selectively grazed while they are present in
the pasture. Given the key role of Astrebla spp. in the grazing of these pastures, then climate
change is likely to make this pasture type more vulnerable to over use. Therefore, grazing
management will need to carefully monitor species change to remain sustainable.

CONCLUSIONS
Likely reductions in total rainfall coupled with increased rainfall variability due to climate
change are likely to result in changes in species composition in Astrebla grasslands. These
changes may increase Astrebla spp. turnover, increase the frequency of forbs species and
reduce the frequency of annual grasses, especially Iseilema spp. Grazing management needs
to incorporate these likely changes to remain sustainable.
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ABSTRACT

The Indigenous Land Corporation (ILC) has a mandate to deliver cultural, social,
environmental and economic benefits to indigenous landholders across Australia. A focus on
capacity development, willingness, succession planning, strong governance and the
development of a business enterprise culture, assist indigenous landholders in the rangelands
to reach sustainable outcomes - and thus the achievement of actual, on ground benefits for
people.

Historically, the ILC acquired pastoral leases to `service' the cultural connection that
traditional owners have with country. Today, an economic focus is beamed onto these and
other indigenous -held pastoral leases in order to optimise business outcomes and to provide
sustainability in both economic and environmental terms.
INTRODUCTION
The Board of the Indigenous Land Corporation (ILC) has directed that up to 2010, the ILC
will have a major focus on developing pastoral businesses and tourism. The Board has
emphasised its commitment to employment and training outcomes, and as a consequence, the
ILC is developing substantial on job training opportunities. It is working closely with
indigenous people and their representative organisations, registered training organisations,

Department of Agriculture and Food Western Australia (DAFWA) and its interstate
analogues, TAFE colleges, the Department of Employment and Workplace Relations, the
Aboriginal Economic Development office in Western Australia, other state and Australian
Government agencies, the Pastoralists and Graziers Association, and private enterprise to
ensure that there are links between training and real, ongoing jobs in the pastoral and related
industries, including `mainstream' and `cultural' tourism.
Most of the ILC's landholdings by area in Western Australia are in the rangelands - northern
and southern - and as might be expected, these are largely pastoral leases. Similarly, most of
the land area held by indigenous people within the rangelands is held under pastoral tenure.
There is an expectation by the Pastoral Lands Board, DAFWA, Western Australian and

Australian Government agencies through their development of indigenous policies (the
bilateral agreement on indigenous economic development, shared responsibility agreements
and regional partnership agreements), and of course the ILC, that, where possible, this vast
estate should be productively managed to achieve economic outcomes. This view is shared
by the majority of indigenous pastoral lease holders. It is highly likely that, if this business

approach is installed and maintained, durable cultural and social benefits to indigenous
landholders will follow.
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DEVELOPING PRACTICE IN THE RANGELANDS
The ILC is involved in a broad range of land management projects across the rangelands of
Western Australia and in other States and Territories - which are helping to provide for more
sustainable rangeland management and the creation of employment and training opportunities.
These projects include the Kimberley Indigenous Management Support Service (KIMSS), and
the Integrated Natural and Cultural Resource Management Options projects in Western

Australia (both in strong and effective partnerships with DAFWA), and the Indigenous
Pastoral Program in the Northern Territory. The first and third of these projects focus on
developing a capacity to successfully manage pastoral businesses. Especially in the Northern

Territory, direct benefits are achieved through lease -offs for defined periods where, for
example, a cattle operation continues with relevant training and employment being contracted
through an agreement, and the lease fee is returned to the indigenous landholders for the
development of enterprise, social and cultural capital. The second project is possibly the first
of its kind in working toward securing property management plans which take account of and

respect, the need for sustainable rangeland management and cattle production (and related
fire, feral animal, weed and grazing management) to proceed alongside of, and together with,
the protection and maintenance of culture. It is expected that the land use plans and fire
management plans produced in this project will have applicability throughout the rangelands
where indigenous people have control of land through direct ownership or other arrangement,
and be used as templates for property management and fire management planning.

The ILC focuses on building the capacity of people to properly manage their pastoral lease
business, with a view to enhancing productivity, rangeland management, and individual and
group skills; identifying diversification options; and undertaking property management
planning. The Board has recently committed to amplifying tourism opportunities and has
instituted a four member expert, external advisory panel to assist in this regard. As a practical
example, significant funds are currently being invested in Home Valley Station to encourage
greater visitor usage through improved and more welcoming facilities, and to increase the
scope of activities available to travellers. A number of Balanggarra trainees are working with
the Home Valley manager to develop skills in hospitality and tourism.

On Karunjie and Durack River Stations, members of Nyaliga Aboriginal Corporation are
working closely with the ILC on managing a small cattle enterprise. This is being assisted
through participation in musters, and through training, mentoring and upgrading the cattle
herd. Kimberley Group Training has been contracted by the ILC to provide `work ready' and
occupational health & safety training for Nyaliga Aboriginal Corporation members who work
on the muster. In the near future, Nyaliga Aboriginal Corporation members - with the ILC's
support - will be working in a partnership with the World Wildlife Fund to identify, restore
and conserve habitat to protect the Gouldian Finch, with the potential development of tourism
enterprises.

The cattle businesses at Roebuck Plains and Myroodah Stations continue to prosper, with
approximately 19,000 head of cattle on the former and 15,000 on the latter (with an aim of
reaching 30 - 35,000 head on Myroodah over the next few years). The ILC employs local
Aboriginal people as much as possible, and works with them to enhance their capacity to

manage cattle and business operations through formal training programs and onsite
mentoring. The existing accommodation at Roebuck Plains Station is currently being
extended to accommodate 12 or so indigenous trainees, who will live in and work with station
staff to develop expertise in managing cattle and land in a unique and successful enterprise.
Trainees will be able to be employed on ILC -held and other pastoral leases.
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Kimberley Indigenous Management Support Service
In May 2005 the ILC and DAFWA agreed to extend for another five years, a program which
had proven successful in improving cattle businesses on Kimberley pastoral leases over the
previous two -three years. The principal objectives of KIMSS are to service indigenous
pastoral lease- holders by assisting landowners, managers and station employees to:
1.

increase the profitability and sustainability of indigenous pastoral businesses, and to
improve animal husbandry, herd management and livestock marketing;

2.

establish effective business management and planning systems, including the use of
modern communications and information technology;

3.

identify and assist landholders to pursue alternative land uses and /or diversification

options in order to maximise sustainable land -use opportunities and long -term economic
benefits, especially for properties of limited pastoral potential;
4. create durable links between clients of the service and other government agencies, nongovernment organisations and private sector providers;
5. draw upon the resources and expertise of other such bodies to implement the service itself;
and
6. adopt, develop and promote innovative approaches to agricultural extension for
indigenous Kimberley pastoralists in relation to animal production and rangeland ecology.

Indigenous Pastoral Program - Northern Territory
The Indigenous Pastoral Program (IPP) in the Northern Territory has two key objectives:
firstly to help indigenous landowners implement sustainable pastoral enterprises; and
secondly, to increase pastoral production from their land. Underpinning these aims is an
imperative to substantially expand indigenous participation in the pastoral workforce. As a
recent measure of the program's success, 10 trainees, inducted into the IPP in October 2005,
were successfully placed into full time employment with corporate pastoral companies in
March 2006. A mentor is assigned to a group of 10 or so trainees, with funding provided by
the Department of Employment and Workplace Relations. The ILC's partners in this highly
successful program are the Northern and Central Land Councils, the Northern Territory's
Department of Primary Industry, Fisheries and Mines, the Northern Territory Cattlemen's
Association and the Department of Employment and Workplace Relations.

For 2006 - 2007, all training projects for indigenous people in relation to pastoral leases in
the Northern Territory, will be overseen and monitored by the Indigenous Pastoral Program,
with an industry -based advisor consulting with pastoral companies about their training and
labour needs and feeding this information back into the program. The advisor will document
current training processes with a view to the creation of a training model translatable to other
states and/or industries. The program to date has focussed on the basics required to get people
in the position where they are employable as entry level stockmen (Cook, G., Indigenous
Land Corporation, pers comm).
To date, the IPP has achieved:
1. an increase of 14,000 head of cattle on indigenous -held land;
2. agreements in place or under negotiation for a further 40,000 head;
3. Australian Government support through the National Landcare Program for three years to
employ a full -time manager and additional extension staff;
4. financial and resource support from a range of Central Australian businesses;
5. 21 successful traineeships through the Barkly Indigenous Traineeship Scheme;
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6. 60 people completing pastoral training workshops in central Australia;

100 company directors and land owners engaged in corporate governance training through
FarmBis; and
8. a successful feral animal reduction program.
7.

A pre -employment training program which was run on Elliot Station during 2004/05 for 18
young indigenous people resulted in 13 people graduating and 11 people being placed in full time employment. Other arrangements include short and medium -term contracts that have
created 20 stock camp jobs and more than 30 jobs under short-term fencing contracts. In
addition, over 80 indigenous company directors have completed or are undertaking corporate
governance training (Jeffries, 2006).

Indigenous Agriculture Desk
The ILC and DAFWA jointly fund and manage a three -year project called Indigenous
Agriculture Desk, which funds a senior, experienced person to promote and manage
opportunities in the rangelands (and agricultural zones) for enhanced participation of
indigenous people in pastoralism. Similarly, a project likely to be approved by the Western
Australian Government in the near future, will establish a new position in the Pilbara to work
with indigenous landholders in that part of the rangelands, along the lines of the Kimberley
model - that is, with the objective of achieving observable, on- ground improvements in all
aspects of cattle business and thus adding measurably to improved cultural, social,
environmental, and economic conditions.

FarmBis - ILC Partnership
Early in 2006 the ILC and FarmBis agreed to a new partnership in Western Australia, based
on a successful model deployed in the Northern Territory and South Australia, which enables
indigenous pastoralists to apply for a range of capacity development and property
management planning activities. There will be no cost to participants, since FarmBis and the
ILC each pick up 50% of the costs. Evidence from South Australia and the Northern

Territory demonstrates this approach has been really useful in improving participants'
confidence and capacity, and the knowledge, skills base and networking ability of indigenous
landholders. A similar program is being developed in Queensland.

CONCLUSION
While the above illustrates that very considerable change is afoot in the rangelands in terms of

re- engaging indigenous people in pastoralism, it is clear that an appropriate level of
commitment and capacity does not yet exist to ensure the ongoing success of indigenous
pastoral businesses across Australia. It is clearly a matter of small steps leading to larger
outcomes, and the transmission of success into the practice of those not performing as well.
The current political climate leaves little room for error, with its significant and hard -edged
focus on improved economic outcomes as a key to liberating indigenous people from welfare
dependency and related negative individual, family and communal symptoms (including
dysfunction, disconnectedness and a reduced capacity to engage in the world of work and
economic production that the rest of us take for granted).
It is envisaged that in the next five years the ILC will run approximately 80,000 head of cattle

on indigenous -held land and create significant economic, employment and training
opportunities for indigenous people in Australia's rangelands. The ILC is contributing to a
return to the rangelands and to a net regional benefit, where lives can be lived as ongoing
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managers and employees in the pastoral and tourism industries. Confidence, relationships,
knowledge, skills and strategic networks developed over the long run are forecast to assist in
the transition of indigenous land managers toward independence, success and pride, while
focusing on sustainability of the land in both economic and environmental terms.

REFERENCES
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ABSTRACT
The South Australian rangelands are characterised by dominant chenopod shrubs with over story of long -lived tree species. Because of longevity of many plants, population models are
widely recognised as basic tools for analysing demographic data (Caswell 2001). They can be
used to identify important processes like population growth rate, longevity and extinction.

We used the matrix model developed by Tiver el. al. (this volume) to evaluate the
demography of an arid zone plant species Acacia aneura (mulga) F.Muell. ex Benth. at
various herbivory intensities.

INTRODUCTION
Mulga is a small tree or large shrub ranging in height from 2 -8 m, often multi - stemmed with a

spreading crown. Mulga is a very common and significant plant species of Australian arid
zone vegetation and mulga lands occupy a wide geographical range in Australia (Nix &
Austin 1973). Flowering occurs after rains and wet winters are required for viable seed
production (Preece 1971).

METHODS
Populations of mulga were surveyed during 2003 in the North -East pastoral district of South
Australia, re- monitoring sites surveyed earlier by Tiver & Andrew (1997).
Mulga individuals of each species at each site were recorded into one of seven possible stage
classes based on the nine stage -classes of (Tiver & Andrew 1997) with the exception that
dead standing and dead fall (lying dead) individuals were excluded because they cannot be
assigned vital rates. We used a modified "random walk" method to measure the populations

following the technique previously used by Tiver and Andrew (1997). At each site, the
recorder left a fixed point and followed a roughly circular path covering several hundred m
and returning to the starting point. All mulga individuals which could be observed about 20 m
either side of the transect line were recorded including seedlings of 5 cm height.

The matrix model developed by McArthur et al. 2006 (in press) and Tiver et al. (this volume)
was used to determine projected demographic structures of populations of Acacia aneura,
using as input the data collected in 2003. We used different grazing combinations to project
the possible demography of plant populations over 500 years. The rainfall data used were 116

304

years of real rainfall records from Koonamore Station (SA), the file copied and repeated to

provide data for the required 500 years. It is well known that watering points in sheep
paddocks, by concentrating grazing have resulted in drastic effects on the plant populations.

Taking this into account, our grazing combinations modeled heavy sheep grazing and
moderate rabbit and kangaroo grazing near the watering points, and moderate sheep grazing
and low grazing levels of kangaroos and rabbits far from the watering points. In addition

pulse grazing (10 years sheep in and 10 years sheep out) was modeled to predict the
usefulness of spelling in restoration of plant species within paddocks. These three scenarios
were compared with a scenario of roadside vegetation reserves, where the domestic stock
impact is nil but there is still access by rabbits and kangaroos. All these scenarios were
compared against a projection showing intrinsic growth rate of populations (Lambda , A,, > 1)
Begon et.al. (2006) by setting the model to X= 1.046 and including no grazing variables.

RESULTS
A projected population showing intrinsic growth rate (a, = 1.046) was appeared in the no
grazing variables (Fig 1). An intrinsic growth rate (X = 1.043) to achieve a stable population

against a background of grazing by rabbits and kangaroos was set for the road reserve
populations (Fig 2). Stability was confirmed by a non significant regression slope (p > 0.05).
This stability was maintained in spite of fluctuations in population number caused by rainfall
variation. In the two set -stocked sheep - grazing scenarios (Figs 3 & 4), k < 1.0, indicating
extinction of A. aneura populations over 500 years. The downward slope was confirmed by
regression analysis, giving a significant negative slope (p < 0.001). In the site nearest to the

watering point (Fig 3) there is a drastic fall in the plant numbers and they reach halfextinction in 66 years. Extinction was slower in the sites far from the watering points, but
was still inevitable, with half -extinction reached in 86 years (Fig 4). Pulse- grazing did not
prevent extinction, with the population reaching half -extinction at 70 years (Fig 5).

DISCUSSION
Projected population growth rates from the matrix model indicated that the sheep -grazed A.
aneura populations all declined over 500 years, with the most rapid decline in the first 100
years. Plant populations in the road side reserves, in the absence of domestic animals, were

stable over 500 years.

Assuming that the input parameters, based on literature and

experimental data, are correct, the projections show that the sheep grazing is the most critical

factor affecting population dynamics of A.aneura populations, with populations able to
survive drought and grazing by rabbits and kangaroos at low numbers. There is spatial
variation of plant populations: those nearer to the watering point decline at a grater rate than

those far from the watering point where the grazing pressure is less, resulting in the
elimination of palatable perennial plant populations around the watering points. These results
are consistent with those of Hunt (2002), who found greater extinction of Atriplex vesicaria
populations nearer to the watering point than the far from it.
1E+12
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Figure 1: Model output showing an ungrazed
population of A. aneura with an intrinsic growth
rate (X, = 1.046)
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Figure 2: Model out put showing a stable
population of A. aneura in road side reserves
(Sheep =0, Rabbits =1 Kangaroos =1), Q. = 1.043)
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Figure 3: Model output showing extinction of a
population of A. aneura at sites nearest the
watering point (Sheep =4, Rabbits =1
Kangaroos =1), = 0.998).
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Figure 4: Model output showing extinction of a
population of A. aneura at site furthest from the
watering point (Sheep =2, Rabbits =l
2'O
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Figure 5: Model output showing extinction of a
population of A. aneura under a pulse -grazing
regime (10 years of sheep grazing alternating with
10 years of no sheep grazing), (a, = 0.998).

However, our results indicate that palatable species can also be eliminated at points further
from the watering points confirming Lange & Willcocks (1978).

CONCLUSION

In this study sheep are shown to have potential to cause extinction of A. aneura plant
populations in all parts of paddocks. A large proportion of the Australian arid lands is not
preserved as parks or reserves, but is subject to extensive grazing by herbivores. It is therefore

essential that the effect of domestic herbivores is taken into account when planning for
conservation and management of biodiversity in the arid lands.
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ABSTRACT
Australian rural landscapes are facing a crisis from land degradation, due to rising salinity
levels, soil acidification and soil erosion. There is growing consensus amongst the businesses
community, government departments and research organisations that the real solution to these

problems and the broader sustainability dilemma comes by taking a `whole of system'
approach to agricultural and rangelands management. This paper introduces two cutting -edge

concepts, Biomimicry and Natural Sequence Farming, to illustrate how whole- system
thinking can effectively and profitably address the challenges facing agriculture and
rangelands.

SUSTAINABLE AGRICULTURE - THE NATURE OF THE CHALLENGE
Australian rural landscapes are facing a crisis from land degradation, due to rising salinity
levels, soil acidification and soil erosion. Traditional farming and agricultural methods in
Australia have been derived from farming practices which have been developed for European
soils and climates, but have caused significant damage to our rural environment (Williams
and Saunders 2002). Three types of soil degradation - salinity, sodicity and acidity - have
been estimated to cost the Australian economy $2.4 billion annually (CRC for Soil and Land
Management 1999). This has had significant consequences for rural communities who
ultimately rely on environmental health for their existence (Boulton 1999; Boulton 2003;
Lake 2003).

In addition, climate scientists forecast that due to global warming there will be often less

water for farmers in the coming decades. According to Dr Mike Howden of CSIRO
Sustainable Ecosystems, "climate change may reduce the amount and quality of produce, as
well as the reliability of production and the sustainability of the natural resource base on
which agriculture depends. The need therefore becomes the development of agricultural
systems that are more resilient and consistently productive." (CSIRO 2003)

WHOLE SYSTEM THINKING - THE ART OF DENYING TRADE -OFFS
The potential risks and existing ramifications of these issues only heighten the urgency of
achieving rangelands -specific solutions that simultaneously improve resilience, significantly
increase yield productivity and in an achievable timeframe that minimises environmental
impact. The question then becomes: how?

The emerging consensus is that the real solution arises by taking a `whole of system'
approach to design of industrial and agricultural systems (Hargroves and Smith 2005). A
`system' describes how various elements of "something" interact and depend upon each other
to create the characteristics of that particular thing (Hitchins 2003). We have heard of various
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forms of technological systems: computer systems, security systems, manufacturing systems.

But systems get much, much more complex than our latest and greatest supercomputers.
Natural and agricultural systems use processes that are some of the most complex on earth.

Consider the process of optimising an industrial system for energy or water -productivity.
Common problem -solving pedagogy typically uses `reduction analysis' to break -up a system
into smaller components and optimise each component independently. Underlying this
approach is the core economic assumption for design; that the more efficient one makes a
system, the more it'll cost to make that increment of efficiency improvement. This is known
as the law of diminishing returns.' Over the last 30 years however, much work has been done

by businesses, governments, and research organisations to prove that this economic
assumption is in fact a myth (DITR 2003; Hawken et. al. 1999). The empirical evidence
argues that the greater degree to which the components of a system are optimised together
through `Whole System Design', the more such trade -offs are omitted and the law of
expanding returns' applies, where bigger improvements in resource productivity can be made
at much smaller cost than smaller improvements (Hawken et al. 1999). Hawken et al. use
nature as an example of Whole System Design applied.

"For the past 3.8 billion years or so, nature has been running a successful design laboratory
in which everything is continually improved and rigorously retested. The result, life, is what
works. Whatever doesn't work gets recalled by the Manufacturer. Every naturalist knows that
nature does not compromise; it optimises. A pelican, nearing perfection (for now) after some
90 million years of development, is not a compromise between a seagull and a crow. It is the
best possible pelican. A pelican, however, is not optimised within a vacuum. It exists in an
ecosystem, and each part of that ecosystem, in turn, is optimised in coevolution with the
pelican. A change in the pelican or in any aspect of its ecosystem could have widespread

ramifications throughout the system, because all its elements are coevolving to work
optimally together. " ( Hawken et al, 1999)

The ability for agriculturalists and pastoralists to consider the whole of the system can lead to
ways that both improve resource productivity and reduce costs by a factor of 4 - 100 (von
Weizsacker et al. 1997). But to be truly effective, we need to seek to be restorative of the

planet rather than destructive. In the context of the loss of natural capital and the loss of
resilience of many of the world's ecosystems, land development and management must be
redesigned to not merely reduce its impact on the environment, but to be truly restorative of
the natural and social capital. It is also not just ensuring that future generations can meet their
needs, but that they have even more choices than the current generation in how they meet
those needs.

This involves the complete reversal of the negative impacts of existing patterns of land use
and development, improving human and environmental health, and increasing natural capital
(i.e. increasing renewable resources, biodiversity, ecosystem services, and natural habitat).
Restorative Whole System Design for sustainability approaches instead seek to reverse
impacts, eliminate externalities and increase natural capital by supporting the biophysical

functions provided for by nature to restore the health of the soil, air, water, biota and
ecosystems.

The following case studies of Biomimicry and Natural Sequence Farming are approaches that
apply Whole System Design to achieve truly remarkable, and sustainable, solutions.
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BIOMIMICRY: INNOVATION INSPIRED BY NATURE
Nature manufactures in water, without toxins, without waste, using abundant raw materials
and very little energy. Whatever waste is produced is food for another species. Nature banks
on the diversity of poly -cultures rather than the vulnerability of mono -cultures. Nature
computes using shape, not symbols. For over 3.8 billion years, natural systems have sustained
by following biological designs, processes, and laws. What can we learn from nature's
R &D?
Biomimicry (from bios, meaning life, and mimesis, meaning to imitate) is a new science that
studies nature's best ideas and then imitates these designs and industrial processes to solve
human problems (Benyus, 1997). Biomimics look to nature for specific advice: How will we
grow our food? How will we harness energy? How will we make our materials? Biomimicry
removes the need for managing inefficiency - rather than attempting to mitigate and manage
pollution and waste, it is designing out these inefficiencies from the beginning. The practice
of this emerging form of design and process innovation uses a canon of nature's laws to guide
solutions development: nature runs on sunlight; nature banks on diversity; nature uses only
the energy it needs; nature demands local expertise; nature fits form to function; nature curbs
excesses from within; nature recycles everything; nature taps the power of limits; nature
rewards cooperation (Benyus 1997, p7).

The application of Biomimicry to land management and agriculture is yielding significant
whole of system benefits. A notable example hails from Kansas in the United States, where
The Land Institute (The Land Institute, 2006) are designing domestic plant communities that
behave like prairies, but have predictable seed yields to be feasible for agriculture and
sustainable food production (Benyus 1997, pp 11 -58; Suzuki 2003). Their work is shifting
from an annual mono -culture agricultural system (existing for the last 8 -10 thousand years) to
a perennial poly -culture agricultural system, based on the prairie grasslands (Benyus 1997, pp
11 -58; Suzuki 2003). They realized that, when comparing mono -agricultural systems (such as

wheat) to poly -agricultural systems (such as prairies), they found that prairies: don't
experience net soil erosion or pest epidemics; they require no annual seed planting or
cultivation; they use inputs (water and sun) as required (and available) and emit no un- usable
waste; they recycle nutrients, reuse water and adapt to local conditions. They also discovered
that the prairie is one of the most resilient ecosystems because of its perennial vegetation and
diversity of species (Benyus 1997, pp 11 -58; Suzuki 2003). The work now being undertaken

by researchers at The Land Institute is the development of a balanced combination and
consistency of perennial plants that produce enough edible goods to meet human demand
(Benyus 1997, pp 11 -58; Suzuki 2003). They are replacing conventional mono -cultural
practice with Biomimicy- inspired wisdom from the prairie to achieve an increase in seed yield
productivity through perennial agriculture, with no trade off on topsoil degradation.

NATURAL SEQUENCE FARMING
Before European settlement, many of the smaller waterways in Australia were discontinuous

"chain of ponds" or pool -riffle systems which flowed intermittently. Loss of riparian
vegetation, increased soil degradation and a reduction in soil stability has led to wide spread
erosion of these waterways resulting in more deeply incised waterways which flow rapidly

(Boulton 1999; Erskine 1999; Erskine and Webb 2003). As a result of these changes to
waterways, when significant rainfall events occur, the water flows rapidly down the deeper
eroded channels, adding further to the erosion and then is lost to the local system. Before
these changes to the landscape, when the channels were shallow, rainfall events resulted in
two significant effects:
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1.

Local flooding of the floodplain of water catchments was more common. This resulted in
water and nutrient -rich sediments being spread over surrounding soil, hydrating the soil
and supplying plant nutrients.

2. The freshwater "lens" around the waterway was re- hydrated. These in turn refills the
aquifers connected to the waterway. This freshwater lens has the effect of sitting above
any saline groundwater.

Natural Sequence Farming (NSF) provides a cost effective way to re- hydrate land and lift
farming productivity whilst reducing farming costs significantly. By mimicking key fluvial
and riparian features present in the Australian landscape before settlement, NSF re- engages a
sequenced pattern of activities in nature that re- hydrates floodplains. It does this by
reinstituting the ways water flowed through the landscape before erosion and changes to it. As
NSF states, "Restoring the hydrology of the landscape to something closer to its original
nature creates multiple benefits by: reducing water loss, restoring and replenishing aquifers,
increasing water availability, enhancing water quality, combating water salinity, reducing
erosion and turbidity, increasing groundcover, enhancing riparian zones, increasing
biodiversity." There are now over 10 rangeland sites, many with cattle grazing, around
Australia where these methods have been applied all with remarkable results.
In 2002, the then Deputy Prime Minister the Hon John Anderson directed a multi -disciplinary
panel of experts led by the CSIRO to examine the application of NSF principles at " Tarwyn
Park" in the Upper Hunter Valley. The Panel's report concluded that farmer, Peter Andrews,
had established a successful and sustainable farming system at "Tarwyn Park ", and further
recommended rigorous testing of NSF in different landscapes and with a variety of economic
activities.

Further proof of the multiple benefits of NSF natural irrigation concepts has come from a 5
year application of NSF principles at the property of North Queensland Fruit & Vegetable
Suppliers in the Burdekin Dry Tropics. The application of NSF principles and concepts has
already resulted in increased water availability, produced significant water savings, restored
the natural hydrological processes, and improved the resilience of the farm to the significant
seasonal and longer term cyclical fluctuations in the availability of water common in the dry
tropics. Applying these techniques has led to remarkable results:
Increase on -farm surface /sub surface water storage so that even if it does not rain for two
years the farm is drought proof
This shift to utilising fresh surface flows has allowed a complete halt to the use of bore
water pumping from aquifers (252 mega -litres per season) saving significant money and
energy because now the farm no longer needs it. The bore water from the region was
becoming increasingly salty. So this shift has significantly reduced salinity (down from
3300ppm to 800ppm) improving productive land capacity
Aquifers have been recharged
Losses to evaporation, improving water availability
Reduce the quantity of water needed to support the same level of previous agricultural
production (by 70 %)
Reduce the uncontrolled runoff during peak inflows
Increase farm productivity with lower water inputs

Reduced pesticide use (down by 85 %), lessens impact on native and desirable species
Reduced use of artificial fertiliser (down by more than 20 %)
Reduced herbicide use (down by 30 %), community health, environmental residuals
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ABSTRACT
In 2004 and 2005, Australian Wool Innovation (AWI) and Land & Water Australia (LWA)
commissioned a scenario planning project as a component of their broader Land Water &
Wool program. Using a 20 person forum, the project was not about trying to predict the future
(impossible) but sought to focus on learning about long -term future issues. Such an approach

can assist decision -making in relation to both broad Research & Development (R &D)
direction and specific R &D projects. This paper provides a brief summary of the process used
and the key findings which arose.

BACKGROUND
We live in a very uncertain world. To make sense of where we are, where we are going and

how we're going to get there, tools like scenario planning can assist organisations or
industries to think differently about the future and to help deal with the uncertainty we face.

AWI and LWA used such a process in 2004/2005. The project formed a 20 person national
forum drawn from wool and other industries. Facilitated by a professional "futurist" this

forum examined a range of key issues that may impact on the world and thus the wool
industry over a 25 -year time -scale (to the year 2030). A set of wool industry stories
(scenarios) were developed that describe the "worlds" that certain key factors might create.
The potential implications for the wool industry of those worlds were then examined.
Background issues considered by the project team in developing these worlds included:
Social issues - global and national demographic changes; labour availability; community
attitudes;
Climate variability and change;
Land use and environmental and animal welfare pressures;
Terms of trade for the wool industry;
Competition from other agricultural enterprises;
Competitive fibres - new products; production levels and prices;

The opportunities from new technologies - biotechnology; nanotechnology; organic
machines etc;
Potential new uses for wool; and
The changing face of consumer preferences.

Reports were commissioned on each subject from experts in the field or by researching
available literature, information and the web.

The Land, Water & Wool Future Woolscapes project then developed four possible scenarios
(different worlds) and examined the possible implications of these for the wool industry. The
scenarios are as important for the rangelands of Australia as for any other region; they allow
us to consider the future profitability and sustainability of the wool industry as a whole, which

can then be overlayed with the unique circumstances that might affect pastoral wool
producers into the future.
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THE SCENARIOS
The four scenarios were built around two key "issues", which are just two of many that the
industry may face in the future. The "issues" chosen were:
1. What restrictions will there be on society in general and farmers in particular - will they
need a licence to operate? (Supply factors)
2. Will there be demand for wool and where will it come from - will it be just for apparel
use or a diversified product range? (Demand factors)

Each "world" or scenario was developed using a different combination (see pnmary
assumptions in the scenarios below) of these two issues.
The following provides a brief description of the 4 scenarios ("worlds").

WORLD A "THE SQUEEZE CONTINUES"
Primary Assumptions
• There are few restrictions on society and industry
• Wool is primarily used for apparel
In this world, consumers are "king" and personal health and environmental issues are of
critical importance to them. Governments playa limited role in people' s lives, after they were
held responsible for some near environmental disasters years before. Farmers have complete
freedom to operate and it is a totally deregulated industry. It is also a very fragmented
industry and specialist wool production has been "squeezed out" of traditional production
areas. Other wool production comes as a poor quality by-product from cereal and lamb
producers, as well as from small "cottage" farmers.
In response to market pressures, a group of specialist woolgrowers have rallied together and
have introduced their own environmental accreditation scheme. They have also formed a cooperative (Wool Australia Corporation (WAC)) to deal directly with vertically integrated
retailers. But the specialist woolgrowers involved in WAC are doing okay, largely because
they invested heavily in technology (gene mapping; animal transponders; virtual fencing,
genetic defleecing, non-aqueous scouring, short spindle processing, smart fabrics etc); had a
transparent and eco-friendly production system; sought external investment; and adopted
modem selling and targeted marketing strategies. Apparel wool is marketed on its human
health and "wellness" properties (based on research fmdings).
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WORLD B "FASHION POLICE"
Primary Assumptions
There are many restrictions on society and industry
Wool is primarily used for apparel
This is a highly regulated world. The production and marketing of wool is influenced by strict
government regulations on the use of land, water and vegetation. Agriculture has been forced

to operate under environmental accreditation schemes by market demands, world trade
regulations and domestic government policy. Farmers are receiving environmental services
payments to help to compensate for the cost of complying with these systems.

The sheep industry in Australia has become polarized into specialist wool producers and
specialist lamb producers. Fine Merino wool is a specialist, "green ", niche product for apparel
that is being used in high quality clothes marketed to wealthy middle -aged conservatives. The

coarse wool from prime lamb producers is of poor quality and is sold into interior textile
applications. Specialist wool production operations have been forced into the hilly and unarable country of the medium and high rainfall zones in the southern states that is not suitable
for intensive cropping, forestry, vineyards or semi -rural lifestyle farms.

Labour and management challenges have influenced the pastoral zone to become a breeding
zone for non - wool breeds. Northern Australia is experiencing strong growth through new
irrigation developments which are supplying an insatiable Asian market for food. Northern
Africa has become the world's new industrialized region. While the wool industry has shied
away from Genetically Modified Organisms, it is now (ie: 2030) about to review that policy.
WORLD C "ACCREDITED CRIMP IS KING"
Primary Assumptions
There are many restrictions on society and industry
Wool has many end uses

This is a highly regulated, high -tech world. The family farm has all but disappeared and
"corporate" farming with lease -back arrangements has taken its place. The latest technologies
are used at every step by highly skilled and well- educated farmers. Because of government
regulations and in order to comply with the "corporate" ethos of the time, a licence to operate
a wool production enterprise is needed. This includes a regular environmental audit to show

that the natural resources on the property are being enhanced. Even marketing is highly
regulated with only fibre less than 18 micron being allowed to use the term "wool ".

Research has also allowed wool to diversify in its end -uses. Marketed under the SuperExcel
brand, fine wool is still used in high quality apparel products but also in a range of medical
applications - mainly paediatrics, geriatric care, burns units and infectious diseases hospitals.
All wool scouring is done on the farm so as to meet strict environmental regulations and for

bio- security reasons. Twenty percent (20 %) of production comes from shedded sheep.
Genetically Modified Organisms are now totally accepted.

WORLD D "WOOL AIN'T WOOL"
Primary Assumptions
There are few restrictions on society and industry
Wool has many end uses
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In this world, Governments take a back seat. Constraints on business are minimised as the
free market economy rules and the consumer is queen and king. A united, aggressive and
innovative industry, formerly, `the Australian wool industry', contributes 10% of national
GDP and is a leading export earner. Led by its `whole -of- value- chain' peak body and now
corporatised AUSWOOL, it controls 5% of global animal fibre - including wool - production
and markets its broad product range through its ECOCHAIN stores. ECOCHAIN reflects
industry ethos.

Initially stimulated by consumer demand for environmentally certified products in the early
21st century, adoption of environmental management systems signalled an industry -wide
commitment to transparency and traceability throughout the supply chain. Thus, when the
World Trade Organisation's (WTO) environmental legislation impacted on processing in
2015, AUSWOOL was positioned to begin a roll -out of its industrial ecology parks, located
close to centres of innovative design and manufacturing in Europe, Japan and North America.
The product range in 2030 includes cosmetics; health care applications; apparel, and high
value industrial goods, including electronics applications. At the end of 2030 AUSWOOL
listed on the New York Stock Exchange and, in one day of trading, out -capitalised the global
communications giant, News Corporation.

SOME POSSIBLE IMPLICATIONS
Some of the issues which emerged from the development of the scenarios included:
1. A united vision for the wool industry is needed.
2. Pressure from competing fibres and other agricultural industries suggests that incremental
gain across the industry may not be sufficient to avoid significant restructuring.
3. Sustainable resource use and animal welfare are likely to become increasingly important whether driven by governments, consumers or both. Climate change is likely to impact
further.
4. The ability to track fibre through the pipeline is a likely consequence.
5. A likely move to further agricultural specialisation and potentially a significant relocation

of wool production, especially into the less arable areas. Indeed, wool and sheep meat
production to diverge.
6. New age farmers will evolve as the scale of the enterprise, ownership structure and skills
required further alter.
7. Cost and labour availability will increase the need for labour saving technology.
8. Productivity and quality improvements in both production and processing will be critical.

New technologies (biotechnology, nanotechnology) need to be harnessed and "paradigm
change" solutions found.
9. Consumer markets will change. New wool products that meet these changing consumer
needs and expectations will be paramount (value, individuality, immediateness, well being
and confidence, comfort, security and welfare and environmental assurance).

316

RANGELAND ISSUES IN THE EASTERN SIERRA NEVADA REGION OF
CALIFORNIA, USA, AND THE ROLE OF THE NATURAL RESOURCES
CONSERVATION SERVICE IN ADDRESSING RANGELAND RESOURCE
CONSERVATION
R.A. Pearcel'4, S. Perkins' and P. Laustsen3
1District Conservationist, Natural Resources Conservation Service, 270 See Vee Lane,
Bishop, California, 93514 USA.
2Rangeland Specialist, Natural Resources Conservation Service, 17330 Bear Valley Road,
Suite 106, Victorville, California, 92395 USA.
3Public Relation Specialist, Natural Resources Conservation Service, 4500
Glenwood Drive, Building B, Riverside, California, 92501 USA.
4 Corresponding author. Email: robert.pearce @ca.usda.gov

ABSTRACT
The Eastern Sierra region of California is on the western edge of the Great Basin Desert of the
United States. Livestock are typically grazed on a mix of private and public lands. Public

lands are primarily managed by either the US Department of Interior- Bureau of Land
Management or US Department of Agriculture- Forest Service. Some operators in the Eastern

Sierra also lease land from the City of Los Angeles, Department of Water and Power.
Grazing livestock in the Eastern Sierra presents producers with many conflicting uses and
issues for rangelands, including economic, environmental, recreation, and housing
development demands.

Livestock operators may seek assistance from the Natural Resources Conservation Service
(NRCS), an agency of the United States Department of Agriculture (USDA). The NRCS
provides technical and fmancial assistance for private land owners and native American
tribes. The goal of the NRCS is to conserve soil, water, air, plant, animal, and human
resources (SWAPA +H) on private agricultural lands and rangelands in the USA.

INTRODUCTION
This paper presents brief background information on livestock grazing and gives an overview
of rangeland and livestock issues in a portion of the Eastern Sierra region that includes Inyo
County and the southern half of Mono County. The Bishop Field Office of NRCS services
this 2,832,800 hectare area.

Livestock operators in the area are primarily cow -calf producers, but there are also some
sheep operations and some yearling/stocker cattle. Most cattle and sheep spend the winter
months on a combination of rangelands (about 13 cm annual precipitation), riparian areas,
dormant irrigated pastures, or receive supplemental feeding. During the early spring livestock
often graze on irrigated pasture and rangelands, then livestock are moved, either by trucking

or trailing, to high altitude (1830 m to 2750 m) mountain grazing permits, and in the fall
return to the desert rangelands and pastures.

This paper also illustrates some of the cooperative efforts of NRCS with private landowners

and public land agencies in the Eastern Sierra in developing conservation plans, which
include grazing and vegetation management. NRCS staff also assists federal agencies with
vegetation monitoring for livestock management.
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BACKGROUND AND HISTORY
Livestock Grazing
Livestock grazing and agriculture in Inyo and Mono Counties has a long history (Lidecap
2005, Sauder 1991). Livestock were first brought into the area about 1859 by L.R. Ketcham
(Schumacher 1962).

The Inyo and Mono County Agriculture Department estimates about 25,000 head of cattle and
8,000 head of sheep graze in Inyo and Mono Counties. Since the NRCS Bishop Field Office

covers all of Inyo, and only the southern '/z of Mono County, the Mono County Livestock
numbers reported by the Agriculture Department will be a little higher than the areas covered
in this paper (Annual Crop and Livestock Report 2003).

Many livestock producers within the Bishop Field Office area graze on public lands,
including Bureau of Land Management lands (BLM) and US Forest Service Lands (USFS).
There are about 2,300 head of cattle and approximately 5,400 head of sheep grazing on BLM
allotments within the area (BLM Grazing Bill 2006) and during 2005 about 3,800 cattle and
about 11,800 sheep grazed USFS allotments. Livestock graze on Forest Service Lands
primarily during the spring through fall season for about 3 months on average, depending
upon the specific allotment (INFRA USFS Database 2006). Not all livestock utilizing USFS
lands spend the entire grazing season within the Eastern Sierra region. Some are transported
by truck to other areas of California.

The City of Los Angeles, Department of Water and Power (LADWP) owns about 121,405
hectares in the area and leases most of the land to livestock operators. These lands contain a
combination of irrigated pasture, rangelands, alfalfa fields, wetlands, riparian corridors, and
uplands. The city of Los Angeles began purchasing the lands in the early 1900s to secure
water rights for their growing urban population (Hoffman 1981).
There are also numerous private land ranches in the area. Many of the ranching operations in
the Eastern Sierra rely on a combination of the different public land agencies, LADWP, and
private land holdings for the grazing operations.

Natural Resources Conservation Service (NRCS)
The United States Congress established the Soil Conservation Service (SCS) in 1935 as a
result of "the Dust Bowl" era in the Great Plains Region of the US, and in 1994 the SCS was
renamed the Natural Resources Conservation Service. In 1937 Conservation Districts were
established to address soil conservation issues at the local level. NRCS (a Federal Agency)
service centres and field offices work within local conservation districts (often delineated by
county boundaries and whose boards are made up of local residents) to establish conservation
priorities. There are nearly 3,000 conservation districts in the US (Helms 2006).
ISSUES
Individuals and groups interested in livestock grazing, water use, environmentalism, public
land management, and recreation and tourism often find themselves with conflicting goals for
rangelands (Huntsinger and Hopkinson 1996). Recreation and tourism contain many aspects
including, but not limited to hunting, fishing, rock climbing, bouldering, bicycling, all terrain
vehicles, motor -cross, birding, horseback riding, hiking, canoeing, skiing, backpacking, and
many other activities. Some participants in recreation and tourism activities find grazing
conflicts with their goals. It is often extremely challenging for livestock producers in the area

to maintain a viable livestock operation while addressing the many conflicting rangeland
issues, including urban encroachment (Liffman et al. 2000) and watershed management.
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NRCS ASSISTANCE TO LIVESTOCK PRODUCERS
NRCS staff work with livestock producers by providing technical and financial assistance to
land owners to help with conservation goals, environmental issues, and the interactions
among competing stakeholders.

Technical Assistance - In General
Technical assistance from NRCS staff may take many forms, including the design specific
NRCS conservation practices (i.e., stockwater tanks and fences), providing conservation
planning, developing prescribed grazing plans, serving on Coordinated Resource Management
Groups and Local Resource Groups, etc. It is the conservation planning that may provide the
most benefit to livestock producers. NRCS Conservation Planning is a nine step process: 1)

Identify Problems and Opportunities, 2) Determine Objectives, 3) Inventory Resources, 4)
Analyze Resource Data, 5) Formulate Alternatives, 6) Evaluate Alternatives, 7) Make
Decisions, 8) Implement the Plan, and 9) Evaluate the Plan (NPPH 2000). Through this
planning process livestock producers are able to evaluate environmental and land use impacts
and will be better able to address and understand conflicting rangeland uses.

Financial Assistance - In General
NRCS offers multiple financial assistance programs, including the Environmental Quality
Incentives Program (EQIP), Wildlife Habitat Incentives Program (WHIP), Wetland Reserve

Program (WRP), Grassland Reserve Program (GRP), Farm and Ranchland Protection
Program (FRPP) and the Grazing Lands Conservation Initiative (GLCI), among others. Most
of the NRCS programs require matching funding from the landowner, ranging from a 10% to
a 50% match. Goals of the programs vary, including those designed specifically to install
conservation practices, to others where increasing wetlands and wildlife habitat may be the
goals, to other programs where NRCS purchases easements on farms and ranches to maintain
agriculture when it is threatened by development. All NRCS programs are competitive,
applicants fill out an application form, it is ranked against other applicants, and then funding
is awarded until all available funding is exhausted for that year.

NRCS Assistance - Inyo/Mono Counties
The Bishop NRCS office is actively involved in developing Conservation Plans for livestock
producers. These plans include development of grazing systems, vegetation monitoring,
stream channel monitoring, goal setting, and potential use of NRCS financial programs. The
Bishop NRCS participates in a 670 hectare WRP project, where NRCS, with cooperation of
many other stakeholders, is designing the restoration of wetlands, riparian corridors, bird
habitat, and rangelands. Part of the WRP plan includes developing a Conservation Plan,
which includes a grazing plan for sheep. Bishop NRCS staff also participate in a Coordinated
Resource Management Program (CRMP) for a local college that has livestock grazing on
BLM and USFS lands. The Bishop NRCS provides technical assistance to livestock
producers in many ways, including conducting vegetation condition and trend studies,
utilization monitoring, stream cross section monitoring, among others.

SUMMARY
Livestock grazing on public and private rangelands has come under much criticism over the
recent decades (Fleischmer 1994, Kondolf 1984), some of that criticism is warranted, some of
it is not. Ranching in the Great Basin Region and within the Eastern Sierra has a long history.
Those families involved in ranching operations have their own culture and heritage. It is
something that should not be treated lightly. Ranchers have the responsibility to sustainably

manage their operations and at the same time other land use stakeholders shouldn't
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necessarily have greater preference given to their interests than the livestock operators.
Balancing the needs between the diverse groups is difficult and challenging. NRCS staffcan
contribute to resolving conflicts and helping producers develop sound and sustainable
rangeland practices.

The NRCS planning process, combined with technical and fmancial assistance, provides an
opportunity for Eastern Sierra livestock producers to address the many demands on their
operations. Developing a sound Conservation Plan helps producers identify environmental
issues, and thereby address the concerns of many environmental groups. NRCS financial
assistance provides an incentive for producers to install conservation practices that enhance
wildlife habitat, water quality, improve water use efficiency, and help with the economic
success of ranching operations. NRCS Conservation Easement programs give a rancher the

potential path to preserve rangelands from developmental pressures and enhance the
environmental health of their rangelands. Therefore, the NRCS staff working with
landowners, concerned citizens, conservation districts, BLM staff, USFS staff, and other
stakeholders can assist in helping address the many, and often conflicting, land use issues on
rangelands in the Eastern Sierra Region of California.
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ABSTRACT
The Natural Resources Conservation Service (NRCS) is an Agency of the United States
Department of Agriculture (USDA) in the United States of America (USA). The agency
provides technical and financial assistance to private land owners and Native American
Tribes. The goal of the NRCS is to conserve soil, water, air, plant, animal, and human
resources (SWAPA +H) on private agricultural lands and rangelands in the USA. This paper

describes our poster which provides an overview of technical and financial assistance
available for private and tribal rangelands.
Born out of the Dust Bowl era in the Unites States, NRCS has evolved over its 70 year history

to provide the latest technical assistance available to address resource concerns on private
lands in the USA.

INTRODUCTION
The Soil Conservation Service (SCS) was established in 1935 by the United States Congress
as a result of "the Dust Bowl" era in the Great Plains Region of the US. In 1937 the
Conservation Districts were established. The SCS was renamed the Natural Resources
Conservation Service (NRCS) in 1994. NRCS (a Federal Agency) Service Centers and Field
Offices work with local Conservation Districts (often delineated by county boundaries and
whose boards are made up of local residents) to establish conservation priorities at the local
level. There are nearly 3,000 conservation districts in the USA (Helms 2006).
NRCS provides technical and fmancial assistance to private landowners in the USA. This
paper and associated poster provide information on how that assistance may be applied on
rangelands. Not all NRCS fmancial programs are covered in this paper, but instead the paper
addresses those programs most often used on rangelands. NRCS uses a system of "practices"
to apply conservation to the land. There are over 600 practices available and each has its own
standards and specifications (FOTG 2006).

As part of the process of participating in fmancial and technical assistance programs,
landowners work with NRCS rangeland and natural resource professionals to develop
conservation plans for their operations. For rangeland operations, conservation plans may
include a natural resource inventory, environmental assessments, cultural surveys, producer
goals, rangeland monitoring, grazing systems, description and practices associated with
fmancial assistance, and future planning to assure SWAPA +H conservation goals are met.
During the planning and implementation stages land owners will meet with NRCS engineers,
biologists, rangeland specialists, or other specialists to address the technical and conservation
concerns.
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CONSERVATION PLANNING
As mentioned above, conservation planning is a large part of NRCS assistance. Conservation
planning is a nine step process which includes the following: 1) Identify Problems and
Opportunities, 2) Determine Objectives, 3) Inventory Resources, 4) Analyze Resource Data,
5) Formulate Alternatives, 6) Evaluate Alternatives, 7) Make Decisions, 8) Implement the
Plan, and 9) Evaluate the Plan (NPPH 2000). Through this planning process, rangeland
operators evaluate environmental and land use impacts so they can achieve their conservation,
economic, and land use goals.
CONSERVATION TECHNICAL ASSISTANCE (CTA)
Goals
The Conservation Technical Assistance (CTA) program provides technical assistance to land
owners. That assistance may be in the form of developing grazing plans, water development,
vegetation management, among many other possibilities. CTA has the following goals: 1)
Comprehensive Nutrient Management Plan (CNMP) planning to assist the owners and
operators of animal feeding operations to address their conservation needs, 2) Reduction of
non -point source pollution, reduction of groundwater contamination, and reduction of point
sources such as contamination from confined animal feeding operations, 3) Conservation of
ground and surface water resources, 4) Reduction of emissions and ozone precursors and
depleters that contribute to air quality impairment violations of National Ambient Air Quality
Standards, 5) Reduction in soil erosion and sedimentation from unacceptable levels on
agricultural land, and 6) Promotion of at -risk species habitat conservation (NRCS 2006b).
FINANCIAL ASSISTANCE PROGRAMS
Environmental Quality Incentives Program (EQIP)
Funding and Goals
The Environmental Quality Incentives Program (EQIP) provides a financial incentive for
producers to install conservation practices on a cost -share basis. Typically, EQIP will fund 50
to 90% of the cost of a practice and the producer must pay the remainder. $1,330,775,444
($US 1,013,277,073) has been allocated in the USA for EQIP projects in 2006.
EQIP goals include: 1) Reduction of non -point source pollution, reduction of groundwater
contamination, and reduction of point sources such as contamination from confined animal
feeding operations, 2) Conservation of ground and surface water resources, 3) Reduction of

emissions and ozone precursors and depleters that contribute to air quality impairment
violations of National Ambient Air Quality Standards, 4) Reduction in soil erosion and
sedimentation from unacceptable levels on agricultural land, and 5) Promotion of at -risk
species habitat conservation (NRCS 2006b).

EQIP provides the opportunity for rangeland improvements through the use of practices such
as prescribed grazing, spring development, fencing, and brush management.

Grazing Lands Conservation Initiative (GLCI)
Funding and Goals
The Grazing Lands Conservation Initiative (GLCI) is a nationwide collaborative process of
individuals and organizations working to maintain and improve the management,
productivity, and health of the nation's privately owned grazing land. The NRCS plays a
major role in this initiative by providing technical assistance to private land owners. (NRCS
2006a)
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Currently, $5,445,270 ($US 4,146,120) is available through GLCI to study the management
and control of invasive species that impact grazing lands. Grant applications can range from
$65,667 - $656,958 ($US 50,000 to $US 500,000). NRCS estimates about 40 grants will be
awarded. Under the GLCI invasive plants program, a 50% match is required.

Wildlife Habitat Incentives Program (WHIP)
Funding and Goals
Funding for the Wildlife Habitat Incentives Program (WHIP) for the entire USA in 2006 is
$43,702,349 ($US 32,509,489).

Within the WHIP program, NRCS has established the following goals: 1) Promote the
restoration of declining or important native wildlife habitats, 2) Protect, restore, develop or
enhance wildlife habitat of at -risk species (State and Federally listed threatened and
endangered species, and candidate species for listing), 3) Reduce the impacts of invasive
species on wildlife habitats and, 4) Protect, restore, develop or enhance declining or important
aquatic wildlife species' habitats (NRCS 2006b).

WHIP offers cost share and technical assistance to enhance Wildlife Habitat on Rangelands.
Practices might include Riparian Herbaceous Cover, Fencing, Stream Channel Stabilization,
and Wildlife Watering Facility.

LAND EASEMENTS
Wetland Reserve Program (WRP)
Funding and Goals
$292,235,242 ($US 222,455,571) is available for conservation projects through the Wetland
Reserve Program (WRP) in the USA. NRCS purchases an easement from the landowner and
maintains a 10 year, 30 year, or permanent easement on the property. Restoration funding is
also included in WRP projects. The goal of the WRP is to take lands currently under
agriculture production that were once wetlands, and return them to their native condition.

Farm and Ranchland Protection Program (FRPP)
Funding and Goals
The Farm and Ranchland Protection Program (FRPP) is also an easement program where
NRCS purchases the land easements. In 2006, $95,192,391 ($US 72,462,437) is available to
private landowners through this program. The purpose of the FRPP is to maintain agricultural
lands in production and protect them from development.
SUMMARY
Through the use of NRCS Financial and Technical Assistance, rangeland operators in the US
may enhance the economic, environmental, and long term sustainability of their livestock
operations. NRCS Conservation Planning offers rangeland operations a tool to help them
develop long term goals and operation plans to better achieve conservation goals. Through
cooperative planning involving landowners, stakeholders, and NRCS employees, rangeland
health in the USA will improve and livestock grazing will continue to provide a valuable
rangeland commodity.
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ABSTRACT
The Pigeon Hole Project will develop strategies to cost effectively accelerate the rate of
development of the Northern Australian Beef Industry, in an attempt to off set the impacts of
the cost price squeeze. This project will ensure this development is conducted in a sustainable
manner by investigating the level of development required to achieve uniform grazing
distribution, the optimum levels of pasture utilisation, the conservation and biodiversity
implications of intensive development and more efficient grazing management strategies.
The economic and practical implications of this research will be evaluated by Heytesbury
Beef as the commercial partner.

INTRODUCTION
There is significant potential to further develop the pastoral capacity of northern Australia.
Stocking rates are one of the key factors impacting the profitability of many northern pastoral
businesses. Many producers in this region currently graze an average of less than 10% of the

annual pasture growth each year, where recent research suggests 20% to 25% can be
sustainably grazed (Ash 2001).

In many cases, increasing stocking rates under currently levels of development has resulted in
pasture degradation adjacent to the water points and low levels of pasture utilisation further

from the water points. One of the key factors influencing the industry's capacity to
sustainably achieve higher stocking rates is the level of development of the paddocks required
to address this issue of poor grazing distribution. Paddocks need to be developed to a point
where cattle uniformly graze the majority of the pasture resources available. The scale and
level of development required to achieve this is not understood.

Another key factor influencing the industry's capacity to sustainably achieve higher levels of
pasture utilisation is the capacity to manage stocking rates within variable seasonal
conditions. The cost price squeeze makes it difficult for producers to maintain a low long
term `safe' stocking rate year. To manage pastures within variable seasonal conditions
producers need to understand the `optimum' levels of pasture utilisation for the dominant
pasture communities within their property. This is not clearly understood for this region.

PROJECT DETAILS
These issues and many additional issues are being investigated in a joint venture research
project, at Pigeon Hole station in the VRD region of the NT. This project is a 5 year study
(2002 -2007) being conducted on a commercial scale (308 km2) with 3,000 to 5,400 cattle.
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The $5.4 million project has been developed and jointly funded by Heytesbury Beef and
MLA through the Partners in Innovation Program. The agencies supporting the project and
undertaking the research are the CSIRO, NT DNREA, NT DPIFM, and the University of
Queensland. These agencies are also contributed significant resources to the project.

KEY AREAS OF RESEARCH
The project has five areas of research and development being carried out on the Pigeon Hole
and Mt Sanford Stations.

1) Optimum levels of pasture utilisation.
Two grazing experiments have been established. The first at Mt Sanford comparing 6 levels
of pasture utilisation (14 %, 19 %, 25 %, 35 %, 43% and 51 %) over 5 years (2001 -2005) in
small experimental paddocks (6 km2 to 12 km2) with 500 head of cattle. The second
experiment is based at Pigeon Hole station comparing 5 levels of utilisation (15 %, 20 %, 25 %,

30 %, 35 %) over 5 years (2003 -2007) in semi -commercial paddocks (22 km2) with
approximately 1,500 head of cattle.

2) Strategies to achieve uniform grazing distribution.
There are three components to this experiment.
Impact of paddock size, grazing radius and number of cattle per watering point on grazing
distribution.
Impact of multiple watering points per paddock on grazing distribution. Can uniform
grazing distribution can be achieved with multiple watering points in a paddock with a 2 -3
km grazing radius?
Strategies to reduce patch grazing within commercial paddocks.

3) Alternative grazing systems.
Four grazing systems are being compared, including set stocking, set utilisation, rotational
grazing and cell grazing. These systems are being compared for their sustainable level of
pasture utilisation, level of animal production and cost of production.

4) Conservation and biodiversity.
A range of experiments have been set up to investigate these issues. These include:
Investigating the impact of 5 levels of pasture utilisation on biodiversity.
Investigating if a representative level of biodiversity can be maintained with enclosures
within the experimental paddock.
Evaluate the impact of the size (0.4, 4, 40, 400 ha) and location of the enclosures.
5) Commercial evaluation
The cost of production of each of the treatments will be investigated as well as strategies to
reduce the cost of production. Some of these include:
The use of telemetry to reduce the cost of managing water points.
The use of water medicators to reduce the cost of supplementation.
Efficient paddock designs to reduce mustering costs.
Efficient mustering techniques to reduce the mustering costs

The results of this project will be developed into best -bet strategies to more intensively and
sustainably develop north Australian pastoral businesses.
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ABSTRACT
The history of vermin fences in Australia provides key lessons for biodiversity fences in the

Australian arid zone: the best available design based on hard experience is essential;
maintenance is essential; and maintenance is expensive and essentially indefinite

Proponents of predator -proof fences need to address key questions that rigorously explore
details of the long -term aspects of any proposal: What is the real objective of the fence, and
how do we measure its success? How long will the project last? (typical 3 -5 year projects
should be rejected). What is the maintenance protocol and budget? What happens if /when the
fences are successful? Is there a plan for wild -release? Where? (Unless wild release piggybacks on other programs, this implies perpetual and expensive predator control). What
happens if predators outside the fence can't be controlled for decades? Is private land to be

fenced? (In general, this should not be funded). Unless proponents can answer these
questions, funding should be refused. In any event, unless predators are controlled outside the
fence, then the enclosure remains a captive breeding zoo which achieves little for
conservation at a landscape -scale.

INTRODUCTION
The history of vermin -proof fences in Australia provides several lessons applicable to the
current generation of predator -proof fences used for biodiversity conservation. Australia has
the most complex set of vermin -proof fences ever erected in the world. Besides the well -

known "Dog Fence" running 5,400 km from the Great Australian Bight to central
Queensland, we currently have 1,170 km of emu -proof State Barrier Fences in Western
Australia and 555 km of the Darling Downs - Moreton Rabbit Fence in south -eastern
Queensland. South Australia and Queensland have thousands of kilometres of derelict private
dingo -proof fences, and all states have thousands of kilometres of private rabbit -proof fences,
many now derelict.

I am not concerned here with how to build predator -proof fences. Long and Robley (2004)
provide an excellent summary and critical assessment of current best practice and designs.

However, I am concerned with what I perceive to be both unspoken and unrealistic
expectations of predator -proof fences, especially what happens in the long -term (> 50 y) to
any animals inside the fence.

LESSONS FROM VERMIN -PROOF FENCES
Lesson #1: If fences are to be used to exclude predators, then the best available design,

based on hard experience is essential. Anything less is a waste of money. The current
designs for cat- and fox -proof fences (Long and Robley 2004, Table 3) are designed
specifically to counter the ability of both predators to climb fences or dig under them. The top

overhang and multiple electric wires have proved effective, at least in the short-term. But
Long and Robley's list of recommended research sounds a note of caution; many critical
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u.,yeeLs of design have not been rigorously tested. Indeed, such lack of testing and proper
experimentation is a recurring and disappointing theme of attempts to control feral animals for
biodiversity conservation. It is also worth remembering that biodiversity fences may have to
resist other animals besides predators. Central Australia is infested with feral camels which
can flatten a 1.8 m high dingo fence. Any predator -proof enclosures in these areas would need
fences sufficiently strong to resist rampaging camels, and to date, such fences have not been
developed on a large -scale in Australia.

Lesson #2: Maintenance is essential. Almost as soon as pastoralists erected dog -fences,
maintenance became a problem. Shrubs and trees grow up between the netting, floods wash
out the fences, burrowing native animals (e.g. echidnas and goannas) create small holes which

are exploited by other native animals (e.g. wallabies) and feral predators to create large
passages, sand buries the fences, etc. Lack of maintenance, perhaps more than anything else,
causes fences to fail. There are good reasons why the major vermin -proof fences today are all

managed and maintained by government agencies. The prime one is that history has
repeatedly shown the reluctance of many pastoralists to adequately maintain the fence where
it bounds their properties. Similarly, there are good reasons why access roads are cleared on
both sides of major fences, and the fences are regularly sprayed with herbicide to reduce
regrowth along the line of the fence. If the fence is electric, then routine and regular spraying
is essential.
Long and Robley (2004, pp. 13 -14) list some of the likely maintenance issues that can arise.
But there is no recognition of long -term experience in the newer designs of predator -proof
fences incorporating a mix of high netting and high voltage electric wires. Farmers with
decades of experience with electric fences know only too well that they are efficient and cost effective, but rapidly have maintenance problems with regrowth of shrubs, grass, etc. This is
one area of design that needs careful monitoring and testing.

Lesson #3: Maintenance is expensive and must be continued indefinitely. All current dog
fences in Australia are maintained by government agencies because of maintenance problems
when they were run by adjoining landholders. Directly comparing maintenance costs (Figure
1) of these fences is difficult because they serve different purposes (Queensland, NSW and
South Australia: dingoes; Darling Downs -Moreton: rabbits; WA: emus) and thus have
different physical structures, and also because the responsible agencies have different
responsibilities and different methods of apportioning costs. However, it is instructive to look
at general patterns in the annual maintenance costs.

There is a flag -fall of maintenance costs of around $1,500/km on fences shorter than about
500 km, but the costs fall rapidly to less than $400/km on fences over 1,000 km long. The
higher costs for the Queensland Wild Dog Barrier Fence are probably due to considerable
distances of rough and forested terrain crossed by the fence. Extrapolating from the major
vermin -proof fences, annual maintenance costs are likely to be over $1,000/km on fences
shorter than 500 km. Brook et al. (2004) estimated that the minimum annual maintenance
costs of a 6 km fence to exclude cane toads from Cobourg Peninsula in the Northern Territory
would be almost $70,000 /km. Such massive perpetual expense would make any funding
agency draw a deep breath.
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Figure l: Annual maintenance costs (financial year 2004 -2005 except WA: 200304) for major Australian vermin -proof fences

Sources: personal communications (April - May 2005) with NSW Wild Dog
Destruction Board, Darling Downs -Moreton Rabbit Board, South Australian Dog Fence
Board, Western Australia Agriculture Protection Board, and Queensland Department of
Natural Resources and Mines.

WHAT IS SUCCESS, AND WHAT HAPPENS NEXT?
Most animals will breed if they are warm, well -fed, and protected from predators. This is one
measure of success for our exclosure fenced with a predator -proof fence. But is it the right
measure, and what happens next? Feral predators (dogs, foxes, cats and cane toads) eat native
wildlife. Some supporters of captive -breeding programs seem blissfully unaware that any
increase in target species must be placed somewhere, or spend the rest of their life in a cage. It
is a bit glib to blithely say "control the predators and then release the threatened animals back
into the wild." This works very well in Western Australia where many of the native fauna are
resistant to sodium monofluoroacetate (1080), the current poison of choice for cats and foxes.
Elsewhere in Australia, 1080 has a greater impact on native fauna and may not be able to be
used, making predator control more difficult.
Unless and until predators are controlled outside the fence, then wild release is not an option.
Most conservation agencies would baulk at providing a smorgasbord of threatened animals to
waiting predators. So what do we do with the captive -bred animals?

CONCLUSIONS: ASKING THE RIGHT QUESTIONS
Erecting a predator -proof fence is a relatively straightforward, albeit expensive task, and one
that is eminently satisfying. A modern cat -proof fence with all its netting, 2 m high posts,
overhangs and electric wires is a sight to behold. It is also a tangible sign that "something is
being done ", and thus can be of great benefit in involving the wider community. But the fence
is just a tool, not an end in itself, so we need to look more closely at its purpose. Given the
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current interest in predator -proof fences, I believe that funding agencies need to look very
hard and very closely at requests for funding. Very specific questions need to be asked to
explore a range of longer -term issues:
How long will the project last? Typical three- or five-year funding is pointless because of
problems of on -going maintenance, and wild release.
What will happen to the captive -bred animals?
What happens if the predators outside the fence can not be controlled for decades?
What is the fence maintenance protocol and budget? Is this budget realistic and based on
experience with other similar fences?
How will maintenance be audited?
What is the contingency plan if/when the fence is breached and some predators enter the
enclosure?
Is private land to be fenced? Funding agencies should think very carefully before funding
predator -proof fences on private land, and in most /all cases reject the applications.

I will close by quoting Peter Waite (1913) who would not accept that his low fences didn't
work against dingoes:
... no fence will kill dogs. It can only be a barrier, and call a halt for the dogs, which
gives an opportunity to kill them by means of traps and poison. If advantage is not
constantly taken to systematically employ these methods of destruction, it is only a
question of time when the dogs will get inside ...

The lesson here, if we don't forget or ignore it, is clear: predator -proof fences only provide an
opportunity and time for other action. Whether we use that time profitably is up to us.
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INTRODUCTION
Systematic site -based or visual assessments are generally used to report on the condition of
rangelands in Australia. The use of these assessments summarised by area and by land type
may hide the seriousness of degradation. This is for two main reasons, firstly `point- based'
assessments frequently miss critical landscape succession issues and secondly, not all areas
and types are of equal value (to pastoralism, biodiversity conservation, or any other value
system). Yet state of environment reporting continues to promulgate these limited summaries
of "condition ". Presumably, the data are collected to gather intelligence and affect change and
policy, rather than produce reports. If that is the case, then how can decision -makers justify
their decisions on such flawed grounds?

Many of the ecologically and economically important landscapes in Australian rangelands are

in poor and declining condition, despite the "good news" being promulgated about the
rangelands at recent ARS conferences.

The issue impacts on our consciousness at many levels, from the paddock to parliament. Can
large areas that appear to be intact, actually be so if smaller, more critical components that
make up the matrix are in poor and declining condition? Has the partitioning of catchments
with fencing and the installation of artificial watering points - pastoral "development" - been
capable of realising the country's potential? Has this in fact led to "de- development "; the loss
of potential for those whom we leave our legacy?

Has pastoral "development" in fact been an environmental mining episode of our ancient
Gondwanan landscapes? Could a solution within the problem be that land managers are
empowered to restructure substantially, to "fit ", rather than "fight" the patterns and processes
upon which primary production depends? If so, should those institutions that have maintained
the status quo manage this change process? Could they?
We contend that until more realistic appraisals of rangeland condition and trend are produced

and accepted, we will see further decline. The solution will require technical advances,
particularly in terms of how we conceptualise and assess rangeland ecosystems. Of perhaps
greater importance will be the need for critical man -land relationships to be developed and
nurtured at local to catchment scales, as occurs through the resilient Ecosystem Management
Understanding (EMU) Project.

UNDERSTANDING RANGELAND DEGRADATION AS A COMPLEX PROCESS AS
WELL AS A LEGACY
The condition of the rangelands needs to be redefined to encompass impacts beyond pastoral
production (Holmes 1994; Pringle 1998) and to stretch beyond a "driver's seat" view of the
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world (Pringle et al. in press). Impacts on biodiversity, a range of other heritage values and

the related options of future generations need to be treated as issues of at least equal
importance to production of meat and fibre. Furthermore, the pathology of rangeland
degradation needs reframing to encompass its literal complexity in relation to scale and
hierarchy (Ludwig et al. 2004). While degradation may be evident from the "driver's seat ",
that is not the scale at which it generally operates (Pringle and Landsberg 2004), nor are the
symptoms necessarily coincident spatially with the fundamental causes (Pringle and Tinley
2003).

Rangeland degradation is not just about pasture management. It is a catchment scale issue
expressed predominantly in changes in the edaphic environment confronting plant roots
seeking moisture and nutrients (Pringle and Tinley 2003; Tinley 2001, 1982). Fundamental
problems are often many kilometres away from obvious symptoms and possibly in another
paddock, if not another property. Geomorphic drivers initiate or exacerbate the positive
feedback cycle of repeated excessive grazing off -take in relation to precipitation, infiltration,
soil moisture balance and the quality and quantity of primary productivity to support livestock
and other species.

Rangelands are increasingly becoming tiled roofs with effective, clear drain pipes of
increasing spatial intensity. This effective draining is characterised by increased run -off, and
consequent declining fundamental ecosystem dynamics. Water is not growing plants as it
once did because soil moisture balance regimes are affected. At least in Western Australia,
pastoral leaseholders are legally obliged to perpetuate pastoralism on lands with little prospect
of supporting successful commercial grazing, either sustainably or on the basis of the rainfall
lottery (Foran and Stafford Smith 1991).

REFRAMING THE DEGRADATION ISSUE BEYOND PASTURE MANAGEMENT

The essence of the global rangeland degradation problem is that key water -ponding
landscapes at all levels of ecosystem (land) organisation are now entrained in a process of
etching that is tearing the heart out of the rangelands and reducing the long term equilibrium
capacity to support both livestock and native species (Pringle and Tinley 2003; Pringle et al.
in press; Smyth, James et al. 2003). The etching is not simply of the physical landscape, it
also affects local economies, community and family; fundamental parts of the fraying
rangeland tapestry.

Manipulation of grazing in a more "sustainable" manner (Holecheck et al. 1999) will not
suffice to address historic degradation and the legacy it leaves incumbent pastoralists (Bastin
1991). Ecologically sound grazing management is of course essential, but in any active
catchments, breached hierarchical base levels that control erosion and water ponding, need to
be restored (Pringle and Tinley 2003) before suites of landscapes can efficiently conserve and
use rainfall and run -on.
Bob Purvis, without any formal scientific training, has realised this and intervened effectively
across the triple bottom line (Bastin 1991; Purvis 2004). Fortunately for Bob, most of his land
is in the upper sector of the sub -catchment and he does not receive too many problems from
up- slope. However, for such innovative intervention to be effective generally will require a

cohesive community- based, catchment approach (Murchison Land Conservation District
Committee and the Ecosystem Management Unit 2002).
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RANGELAND DEGRADATION AS A SOCIAL AND BUREAUCRATIC
PHENOMENON
The Murchison LCDC members have acknowledged fundamental geomorphic dysfunction in
their catchment and its sub -catchments. With regular support from the Purvis family and
sporadic support from EMU members (the EMU Project funding was formally terminated at a
meeting of the NHT Rangelands Coordinating Group early in 2005), they are slowly, but
systematically turning around the Roderick River sub -catchment as their pilot project. The
interesting point about what the Murchison LCDC have gone through is that they first wanted
to fence off hundreds of kilometres of the river country to manage total grazing pressure
better. They had to do EMU to get the funding from NHT (about 40% of total project costs).
Through the EMU Project, they quickly saw the fencing as only a part of the solution; they
had a catchment out of control and had to pacify it. Only then could they start to restore the
most productive bottomlands.
Through the EMU process, a fencing project ( "Have you done your section yet ? ") turned into
a community- based, integrated catchment restoration and management project. When State

Government agencies terminated the EMU Project, the community showed resilience and
self -sufficiency. Like Bob Purvis, they understood what was wrong - they accepted the legacy

they had inherited - and planned to turn the catchment around in their own interests, which
included biodiversity conservation. The EMU Project essentially mobilised their existing

knowledge and launched them on a new trajectory of interaction, active learning and
discussion. It worked! They are more, not less active since EMU's funding was cut. However,
there are no more EMU groups being formed.
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ABSTRACT
Monitoring and controlling remote infrastructure, particularly water infrastructure, is an
expensive and time -consuming activity on extensive pastoral properties. Remote
infrastructure management systems use telemetry and specialised computer software to
dramatically reduce the associated costs and potentially improve system reliability.
In addition to providing strong benefits to more efficient operation, a remote infrastructure
management system can also be used to capture operational data to support research and
changes in management practices, and compare the impact of changes in overall management
practices.
As part of the system, a network of sensors can gather an array of environmental and resource
consumption data into a centralised information database where station staff and researchers
can perform detailed analysis.

Significant challenges are faced in operating telemetry equipment in an environment like that
of Australia's tropical savanna rangelands. The equipment must be able to tolerate a wide
range of temperatures, withstand strong seasonal weather and not succumb to the inquisitive
beaks and foraging habits of native and introduced species.

INTRODUCTION
If intensification of the pastoral industry in Australia's northern savannas is to become a
reality, more efficient and cost -effective ways of managing water points and associated
infrastructure are required. As part of the Pigeon Hole Project, we have been developing tools
to address this need. The first challenge for a telemetry system as part of the Pigeon Hole
project was to address the issue of robustness and reliability of the equipment. For the

research outcome to be useful to the pastoral industry, the equipment has to be both
commercially viable but also capable of reliable operation in the harsh environment.

Whilst there are many commercially available telemetry systems, these were found to be
unsuitable. Often existing products were intended for other industries that could tolerate
higher prices or that didn't have the same constraints of environmental robustness and ultra low power operation.

For this project, a commercial partner was found that had a partially developed system, which
met many of our needs, and was also amenable to further enhancement to meet additional
needs of the project.

ROBUSTNESS AND RELIABILITY
During the first two years of the trial, much has been learned about how low -cost, reliable
telemetry equipment can be manufactured on a commercially viable scale. Several iterative
improvements in overall design have been required to cater for issues from water ingress
through condensation to ultra- violet light damage and protection from the alarmingly strong
beaks of the native bird -life.
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Reliability of any electronic system depends on reliable power supply. Since the remote units
are far from conventional power sources, much effort has been invested to ensure that the
system can operate as efficiently as possible on the available solar power. This is particularly
an issue during the extended wet season, when it is not unusual for a remote unit to
experience many consecutive days of overcast conditions. Detailed power consumption
analysis has been performed (Figure 1) to better understand how units perform under different
environmental circumstances and how best to operate high power equipment such as the radio
in order to optimally balance system responsiveness, currency of information and long-term
reliability.
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Figure 2: Graph of power consumption characteristics.
Solar input and battery state of charge iver time

WIDE-AREA ACCESS AND TELECOMMUNICATIONS
The second challenge with the trial was to ensure that the system could cover very wide
geographic areas, in the absence of telecommunications infrastructure. Many different options
were considered for the communications backbone, and UHF was selected due to its maturity
and wide adoption in the pastoral industry. The fact that low-cost, low-power, reliable
components were available further enhanced the commercial viability of the system.
The terrain in pastoral production areas can at times be unsuitable to radio communications,
so it was essential that the system could also take advantage of repeating techniques to bridge
larger distances between equipment and/or work around topographic obstacles.
The resulting design is such that each node in the telemetry network can act as a repeater for
any other. In this way, the communications reach of the telemetry network is effectively
unlimited, and is able to route around unfavourable terrain, or use favourable features such as
ranges and high-peaks to increase the overall coverage of the telemetry environment.
Alternative communications media, such as satellite, low power 900 MHz spread-spectrum
radio and WiFi were considered, however all fell short in cost, robustness, availability and or
coverage These decisions will of course be revisited in the future as other communications
technologies mature.
DATA RESOLUTION, RECORDING & CENTRALISATION
Another important requirement of the telemetry system was high resolution of recorded data.
Commercially available systems often were only able to differentiate between set points such
as high/low, with no absolute measurements or accuracy of recorded data. Furthermore we
required that the system was capable of recording data for later analysis. Many systems were
unable to record data at a sufficient resolution to make the historical recordings useful.
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Over the length of the trial, we have developed a sophisticated system of two -stage
information gathering and recording. Remote units can be configured to take high accuracy
measurements of any connected equipment. Recorded values can be absolute or relative and
can be recorded by comparison to thresholds or at regular intervals.

Observations are first stored on the remote unit to ensure retention of the data even in low
)ower situations, or in the event of communications failure. When appropriate or on demand,
he data logs from any unit can be synchronised with a central database, where the entire
istory of each unit is collected and available for detailed analysis. The automation of this
tata collection represents a significant advance in telemetry systems and will enable the
;athering of vast amounts of data to support research and the analysis of the impact of
Changes.

OPERATIONAL CHALLENGES
One of the greatest challenges faced by the telemetry side of the Pigeon Hole Project has been
the deployment of the system in an operationally viable manner. Often, new technologies lack

the practical considerations of more mature equipment. For the research project to be
successful, the equipment needs to be installable to maintainable by station staff without the
need for lengthy training.

Equipment also has to be robust. Stations are tough environments; the trip out to a bore to

install the equipment will often be in the tray of a 4WD ute, over very rough terrain.
Equipment must be both physically and electronically robust.

HUMAN FACTORS
For the system to be successful, it must have utility to the widest array of people. From station
staff to researchers, the software that exposes the system's functionality has to be simple to
use and obvious in its operation.
Given the importance of stock water supply, the system must provide station staff with a high
level of confidence if they are to trust it enough to reduce the number of times each water
point is actually visited. Different techniques have been tested to help build user confidence in

the information presented by the system. The most successful to date has been to make
historical data easily available for each sensor in the system, and to allow data from multiple
locations to be shown together.
Significant effort has been invested to explore appropriate ways to represent information in a
timely and obvious way. Most importantly, whenever the system has detected a situation that
requires intervention, the form of notification is critical, and must not be obscured by noncritical data.

The system employs a familiar paradigm of colour coding alarms and other notifications, to
make it easy for almost anyone to determine if the system requires attention (Figure 2).
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Figure 3: Use of colour to indicate severity of notifications
Recent research has commenced with the introduction of a touch-screen kiosk, with the
possibility of installing it in a high-traffic areas such as a staff kitchen. By using carefully
designed information presentation and making the interface simple to use, we hope to greatly
increase the likelihood of station staff making heavy use of the system, and enabling the
widest possible range of participants. In this way it is far more likely that the system will meet
its objective of reducing visits to remote infrastructure and increasing the efficiency of station
operation.
SUPPORTING RESEARCH
The system installed and operating at Pigeon Hole is recording a significant amount of
information from a wide range of sources. Seventeen water points have equipment installed
that is recording information such as rainfall, dam and trough water levels, volume of water
flow from bores as well as detailed operational statistics on water medication equipment.
To date, limited amounts of this data have been made available for analysis, but over the
coming months and years, the amount of information recorded will steadily grow and form a
comprehensive picture of many aspects of station operation.
As an example, a simple analysis that can easily be supported would be to look at the
correlation of medicated water consumption versus rainfall. It would be logical to assume that
in times of high rainfall, livestock will fmd other sources of water, and may not make use of
stock water supply points during these times. The system takes accurate recording at intervals
of 15 minutes or less, so a very detailed picture of water consumption can be developed.
RE~GCHALLENGES

Some significant challenges remain before the telemetry system can be considered a success.
The biggest is to develop a methodology to quantify the benefit of installing such a system. At
present, all notions of cost savings and time efficiency are anecdotal at best.
With the system now substantially in operation, another significant challenge is confirming its
utility in supporting the other research being conducted in the project. To date, significant
amounts of data have been recorded, but no detailed analysis has been performed.
Incorporating feedback from such activity will significantly improve the system.
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ABSTRACT
A relatively short history of systematic rangeland monitoring in Western Australia, spanning
about one third of the pastoral industry's existence, has led to the current state wide program,
known as the Western Australian Rangeland Monitoring System (WARMS). The pre- cursor
to the current system began in the 1950s and was focused on assisting individual pastoralists
set appropriate stocking rates. By the late 1960s and early 1970s, the additional objective of
providing information on the state's natural resource base was added following growing
realisation of widespread land degradation and the necessity for government land
administrators to track change. Several techniques were trialled through the 1970s leading to a
regional scale system in the early 1980s, which proved too ambitious. A revised system was
developed in 1992 and fully installed by 1999. This is the Western Australian Rangeland
Monitoring System (WARMS), a ground based system comprising 1,622 sites.

INTRODUCTION
This paper briefly chronicles the development of range monitoring in Western Australia,
leading to the current state wide monitoring system. For reasons of brevity, it is limited to
discussion of techniques in the southern shrublands and not the grasslands of the north.
Rangeland monitoring (at the local scale) began in Western Australia in the early 1950s and
since then, has been closely tied to the production of livestock grazing on native vegetation.
The techniques developed in Western Australia, although partly influenced by Clementsian
grassland succession theory, were instead tailored for shrublands, incorporating specific soil
and perennial vegetation attributes that were thought to be appropriate indicators of range
trend, based on the local experience of Australian rangeland scientists.

HISTORY OF DEVELOPMENT
Monitoring impetus
It is clear that monitoring objectives in Western Australia moved through several phases. In
the first phase, the primary incentive in the early 1950s was to help individual pastoralists
make better stocking rate decisions at the paddock scale. By the end of the 1960s there was
also a desire to provide land administrators with broad scale range trend information. This
second phase was helped by the need to establish systematic monitoring in the Gascoyne and
Ashburton catchments following flooding of the Gascoyne River in 1961 resulting in severe
damage to the town of Carnarvon and surrounding horticultural enterprises (Wilcox &
McKinnon 1972). The programme of monitoring was requested by the Pastoral Appraisement
(now Lands) Board in 1973, with enthusiasm for monitoring in general being generated by
several rangeland conference workshops in the early 1970s (Anon. 1977; Noble 1979) and

supported by an increasing national desire to better manage natural resources. These were
important intellectual `milestones' in range condition assessment. Importantly around this
time, Cunningham (1976) and Noble (1979) urged the importance of including soil stability in
assessments.
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The overall effect of the 1970s conferences and workshops was to engender very strong
enthusiasm for rangeland monitoring amongst Australian rangeland scientists. The dual
objectives of providing both paddock scale and regional scale range trend assessments
persisted through the 1970s and into the early 1980s and it was in this phase that several
techniques were developed and trialled by Department of Agriculture (and now Food)
Western Australia (DAFWA) officers. To meet the dual objectives, a suitable ground based
monitoring technique would need to be installed at a minimum of about 10,000 sites across
the state -a major challenge that eventually could not be met and which led to the third phase
beginning in 1992 with the revised objective of providing only regional scale range trend
information and which continues to the present.

Development chronology of techniques
Early work
Monitoring in the broadest sense of an experiment designed to compare changes in vegetation
over time under different conditions began in Western Australia in 1951 -1952. Plant data and

photographs were collected from monitoring sites located inside and outside fenced
exclosures. The University of Western Australia (UWA), the Pastoralists Association and the
George Aitken Research Trust set up exclosures on saltbush country on Barnong, Belele and
Boolardy stations. David Wilcox recorded these whilst a student at UWA and continued the

work when he joined DAFWA. In 1955 he also began developing stocking rate decision
strategies based on vegetation (rather than using precedent stock numbers) with Neil Mitchell
of Barnong. An important part of the process was the establishment of a suite of exclosures
against which grazed areas were compared. Additional exclosures were built elsewhere on
different vegetation types from the late 1950s onwards. The exclosures were located on areas
in poor condition, with the aim of tracking recovery (or otherwise) both inside and out.
Flight line technique
The first attempt at systematic monitoring in the Western Australian rangelands used a low
level aerial photography technique (Carneggie et al. 1971). Sequences of colour and colour infrared aerial photographs were taken of pre- determined ground marked sites. The photos
were used to mark up the location, species identification and canopy cover of shrubs on the
ground. Over 140 flight lines were installed on 50 properties between 1970 and 1980, initially
in the Gascoyne and Ashburton and later in the Murchison and Kalgoorlie regions (Holm

1983). The flight lines had a relatively large sample size compared to later ground based
techniques, however, the technique was discontinued by the early 1980s because of high
aircraft operating and photo acquisition costs, the difficulty of seeing small shrubs, shrubs
under larger canopies and shrubs obscured by shadows. Many of the flight lines were also
installed in holding paddocks because these areas were most degraded. However, they were
not necessarily representative of changes occurring elsewhere on the station.

"Meekatharra Waltz"
In 1973, a density sampling technique developed by John Morrissey, colloquially known as
the "Meekatharra Waltz" involved assessment of both vegetation and, for the first time, soil
condition. For vegetation, the density of selected indicator plants was measured. Selected
plants consisted of two or three desirable (decreaser) species, one or two intermediate and one
or two undesirable (increaser) species. Density was estimated by measuring the distance to the
nearest individual of each of the indicator species at 10 randomly positioned sample points.
Soil surface assessment comprised an "area- class" index based on seven erosional disturbance
classes and sub -classes. A black and white polaroid photo was taken to aid site relocation.
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HMW (Hacker- Morrissey- Wilcox) technique

Also in 1973 a combined technique was derived from the "Meekatharra Waltz" and a
Modified Dyksterhuis Quantitative Climax method developed by Ron Hacker (Hacker 1973).

In the HMW technique, the density of selected plant species was estimated by nearest
neighbour method. As for the "Meekatharra Waltz ", selected decreaser, intermediate and
increaser species were sampled and a site photograph taken. Species density estimates were
derived along with assessments of plant vigour for the decreaser species only and an overall
site vigour index calculated. Soil surface condition assessment using a class based "type intensity" index was done on the same twenty fixed points used for the plant density sampling
plus an additional twenty points.
Ground photographic technique
A photographic technique was developed as a direct aid to pastoralists, to help them make
tactical management decisions. The technique consisted of oblique photographs of fixed sites
taken with a hand -held 35 mm camera (Morrissey 1976). Two photographs of the site were
taken, one providing an overall site - landscape view and the second of just the ground (no
sky). Individual shrubs were identified and marked up on clear overlays. A total of 469 sites
on 38 pastoral leases were installed between 1975 and 1982 (Holm 1993). In 1982 the
photograph protocol was modified so that only one photograph was taken, which covered a
demarcated area and the landscape to the horizon. This photographic protocol including photo
site layout is now standard for current WARMS sites.
Old and new WARMS

By 1980, accumulated field experience within DAFWA had developed to the stage where a
more comprehensive technique for assessing range trend could be designed. The new
technique combined the photo site with fixed belt transects for recording plant metrics and it
was planned to undertake comparisons between monitoring sites and exclosures and water remote reference sites located in the major vegetation communities so as to elucidate the
relative effects of grazing and climate on observed plant changes (Holm et al. 1987).

Improvements to the technique were made following reviews in 1983, 1986 and 1992.
However, even by 1992 the lack of a robust soil condition and erosion assessment method
which could detect even moderate change was a major weakness. To overcome this,
Landscape Function Analysis (LFA) and Soil Surface Condition (SSC) assessments were
introduced (Tongway 1994). Other technical improvements included plant census using
transect based cartesian coordinates. The principle strategic change in 1992 was the realignment of the system to provide only regional scale trend information for government
purposes. Many existing sites were `dropped' from the formal WARMS program and handed
to pastoralists for their own use. These are now termed `Old- WARMS' sites.

The first new WARMS sites were installed in 1994 in order to meet the regional scale
stratification. WARMS now consists of a set of 1,622 sites across the pastoral rangelands of
Western Australia. Separate techniques are used in the shrublands (as described above) and
the grasslands to the north. WARMS is focused on providing information to government and
to land administrators rather than to individual land managers. The system has remained
largely unchanged since 1994 and over time it should provide consistent reliable information
about range trend' in representative areas of Western Australia's pastoral rangelands.

343

ACKNOWLEDGEMENTS

We wish to acknowledge and sincerely thank David Wilcox and Jim Addison for the
comprehensive information readily provided, based on their extensive experiences of early
monitoring efforts.

REFERENCES
Anon. (1977). The Impact of herbivores on arid and semi -arid rangelands. In 'Proceedings of
the Second United States -Australia Rangeland Panel, 1972.' Australian Rangeland Society,
Adelaide, South Australia.

Carneggie, D.M., Wilcox, D.G. & Hacker, R.B. (1971). The use of large scale aerial
photographs in the evaluation of Western Australian rangelands. Department of Agriculture
Western Australia, Technical Bulletin No. 10.
Cunningham, GM (1976). Some concepts for range assessment in Australia. Aust. Rangel. J.
1: 60 -63.

Hacker, R. (1973). Range assessment theory and methods. In 'Second Rangeland
Management Conference,' Department of Agriculture, Carnarvon, pp. 8 -31, (unpublished).

Holm, A.McR. (1983). A review of range trend assessment in the shrubland pastoral areas of
Western Australia. Rangeland Management Branch, Department of Agriculture (unpublished)
Holm, A. McR. (1993). The Western Australian rangeland monitoring program - an overview.
In 'Plant Dynamics and Interpretation in Rangeland Ecosystems Workshop', WADA Misc
Publication No. 27/93, pp. 13 -16.

Holm, A. McR., Burnside, D.G. and Mitchell, A.A. (1987). The development of a system for
monitoring trend in range condition in the arid shrublands of Western Australia. Aust. Rangel.
J. 9: 14 -20.

Morrissey, J.G. (1976). Photography and range site monitoring. Department of Agriculture
Western Australia, Rangeland Bulletin, No. 24.
Noble, I.R. (1979). The assessment of range trend and utilisation in Australia. In, 'Proceedings
of the Fourth Workshop of the United States -Australia Rangeland Panel, 1974.' (ed. KMW
Howes). Australian Rangeland Society, Alice Springs, Northern Territory, pp. 120 -136.

Tongway, D. (1994). Rangeland soil condition assessment manual. CSIRO Division of
Wildlife and Ecology, Australia. 69 pp.

Wilcox, D.G. and McKinnon, E.A. (1972). A Report on the Condition of the Gascoyne
Catchment. Department of Agriculture and Department of Lands & Survey, Perth.

344

A ROAD WELL TRAVELLED: HAS GRAZING BEST PRACTICE MOVED ON?
C.J. Sandrall'4, R.N. Shepherd and C.R. Chilcott3
1Department of Primary Industries and Fisheries, LMB 6 Emerald, Queensland 4720
2Department of Primary Industries and Fisheries, PO Box 976
Charters Towers, Queensland 4820
3Department of Primary Industries and Fisheries, LMB 4 Moorooka, Queensland 4105
4Corresponding author. Email: caroline.sandral @dpi.gld.gov.au

INTRODUCTION
Historically, the Fitzroy Basin has been subjected to extensive clearing to make way for
cropping and grazing. A number of land degradation problems have been identified in the
Fitzroy Basin including soil erosion, soil compaction, salinity, water quality, fertility decline
and weed invasion. Elevated loads of sediments, nutrients and pesticides are delivered to the
Fitzroy estuary and Keppel Bay and also to the Great Barrier Reef Lagoon during large
floods (Trewin, 2006; Commonwealth of Australia and Queensland Government, 2003). It is
now recognised that sustainable agriculture is a major goal to ensure the longevity of
agriculture, including grazing in the region (Christensen, 2006).

Extension is a critical element used by government agencies and regional NRM bodies to

assist landholders in achieving more sustainable and profitable practices. Extension
approaches need to be continually adapted for the evolving needs of the audience. This paper
will explore how the audience changed in the last 14 years, and assess whether extension

practices have likewise evolved. We will review the 1992 -1993 Local Consensus Data
(LCD) surveys of producers, and present the results of a recent review of those same people

and locations. In the original survey, landholders expressed a desire to improve the
sustainability and profitability of their enterprise, with many highlighting on -going
continuous improvement as a key goal. By reviewing the 1992 -1993 LCD surveys and
comparing it with a recent, duplicated survey, current extension tools can be evaluated to
determine its effectiveness and also ensure future extension can be better targeted to meet the
sustainable grazing goals in the Fitzroy Basin.

The objective of the survey is multi purpose. It will gauge the success of extension programs
for grazing; document change in the industry since the surveys were last conducted; provide
a framework for continuous improvement in extension; and identify areas that producers

would like more research undertaken at a property level - potentially through producer
demonstration sites.

A ROAD RE- VISITED
The previous local consensus data (LCD) survey was undertaken to provide management
guidelines for a beef property in a number of areas across the region (Lawrence, 1994). Each

LCD report contained a description of land types, their vegetation, topography, soils,
pastures, production capacity and condition. Also there was a description of suitable
enterprises, cattle management and grazing land management. Stocking rates and property
sizes were also suggested as guidelines for sustainable beef production.

LCD reports offered a pool of practical ideas for sustainable beef production. The reports
also identified industry constraints within and across pasture communities together with
problems and gaps in information for further research. As described by Clarke et. al (1992)
the initial objectives of using the LCD technique were:
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1.

To establish a clear understanding of what is meant by sustainable grazing land

management.
2. To develop producer guidelines for sustainable grazing land management.

WHY RE -VISIT
In the past, extension services focused on production outcomes. For example the introduction
of buffel pastures on newly pulled Brigalow to increase carrying capacity (Shepherd et al., in
prep). However the link between land condition and production is more pronounced (Chilcott
et al, 2005). This has lead to a greater awareness and a change to improving and maintaining

good land condition whist achieving production outcomes (Chilcott et al, 2005). By
revisiting the original LCD areas, a change in attitude and management practices can be
better documented.

The LCD surveys were undertaken 12 -14 years ago. Since then considerable extension effort

and resources have been invested into improving the sustainability of land management
practices in the region. For example, Federal Government initiatives such as the Natural
Heritage Trust (1 and 2) and the National Action Plan for Water Quality and Salinity have
devolved the responsibility for management of natural resources through community based
regional Natural Resource Management bodies. It is timely to reflect on whether these
initiatives and associated investments have resulted in changed management attitudes, as
opposed to assessing whether resources have been used and monies spent.

Assessing attitudinal change is important as it is considered the precursor to sustained
changes in behaviour. A systematic collection of information will assist in decision making
(Patton, 1997). Bennett's Hierarchy was used as the basis for this review as it provides a
logical progression of stages/ levels (Coutts, 2005). This review will decide if extension
efforts have been effective and determine a pathway to improve extension in the grazing
industry. It will also document change in the industry over the last ten years. There is some

perception that the industry is standing still, yet by revisiting the LCD process it can
demonstrate that the industry is indeed dynamic. It is also a benefit for producers in that areas
can be identified where there is an opportunity to undertake further property research or even
explore the option of producer demonstration sites.

METHODOLOGY
Description of the Study region
The Fitzroy region covers ten percent of Queensland's land area

along the Tropic of Capricorn and encompasses the major
systems of the Fitzroy, Boyne, and Calliope rivers as well as the
catchments of the smaller coastal streams. Beef production is the
largest land use in the region, covering 86 percent of the region's

land. Annual median rainfall throughout the region is highly
variable, ranging from about 600mm annual at Emerald to more
than 800mm along the coast. Most rain falls in the summer, with
many winters experiencing no rain at all (Christensen, 2006).
In this study a review of three of the original thirty -three LCD areas will be undertaken. This
area includes Mt Pasha, Mistake Creek and Middlemount. The study area in the northern part
of the Fitzroy region will include Clermont and Middlemount areas. This also ties in with a
project titled "Ground Cover Monitoring in the Fitzroy Basin" of which the objective is to

monitor of grazing lands as well as assisting producers towards sustainable land
management.
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Process
A duplication of the original survey will be conducted with a mix of the original participants
in the surveys and new comers to the region. The survey is designed to determine attitudinal
change and what approaches were most effective in facilitating improved practice. We are
also interested in determining whether the research, development and extension efforts in the
regions since 1992 -1993 have influenced participant's current grazing land management
practices.

A focus group will be invited from these regions with approximately 6 -12 properties
participating in each focus group. A range of questions based on a number of different issues
will be asked. The main areas include:
Enterprise
Infrastructure
Animal Husbandry
Grazing Land Management
Land types

The aim is to reach a consensus with each question asked, however minority opinions are
also recorded. A facilitator coaxes a response from the participants whilst two scribes record
all the information. Once all the information has been collated and typed a draft report is sent
back to the group for further input or clarification.
RESULTS
A review of the last LCD survey revealed that all areas reported some drought management,

determined stocking rate to land types, had some experience with fire; have planted
introduced pastures; and were aware of weed management. Producers were also aware of the
symptoms of degradation. In the Central Queensland black spear grass pasture zone some of

these symptoms include weed encroachment, gully erosion, salinity, changes in pasture
composition and production, reduction in timber, shade and shelter resources. Participants
were aware that soil and pasture degradation is related to high stocking rates. However,
participants seemed to be less aware of some of the specific causes of degradation of natural

resources. Landholders were often frustrated because they cannot immediately obtain
relevant information on stocking rates, sustainable living areas and whole farm management.
(Clark et al, 1992).
Initial results of the comparison and current opinions will be presented in the poster.

CONCLUSION
By undertaking this review graziers in the Fitzroy region can now be better serviced. An
analysis of what graziers management practices are can determine a road map that will lead
the way extension is undertaken in the future.
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IMPETUS FOR THIS INITIATIVE
In 2000 the Lake Eyre Basin Coordinating Group, a community based land and catchment
management organisation successfully applied for a Commonwealth grant to undertake a
major tourism study of the Lake Eyre Basin. To this time, major concerns had been about
protecting the natural environment from feral weed and pest invasion as well as maintain the
integrity of the unique desert river systems, which drained into Lake Eyre. Tourism activity
was increasing throughout the Basin, yet little was known about the dynamics of what was
happening and the possible impacts and opportunities this presented. The Heritage Tourism
Project was commenced in 2001 and concluded in 2004. It specifically set out to identify the
nature and effects of heritage tourism in the Basin and possibly provide a strategy for future
action and development.

PROBLEMS AND CHALLENGES
From the outset it became apparent that the issue was much broader than developing new
business opportunities for tourism in the Basin, but more importantly managing the current
activity and setting clear directions for the future to develop an environment in which tourism

could grow in a sustainable manner. The Basin includes four major state and territory
jurisdictions, along with numerous local and regional bodies. This was not conducive to
developing an overall strategy that would be readily adopted across the varied jurisdictional
boundaries. Instead it was deemed that identifying the key issues, analysing the tourism flow
patterns and their dynamics would provide a series of guidelines for future action that could
be adopted by the different bodies in their planning processes. Over the three years of the
project extensive field work and consultation with stakeholder both in and out of the Basin
formed the basis for delivering the final report `Lake Eyre Basin Heritage Tourism - Future
Directions.'

KEY OUTCOMES
It was identified that tourism flow routes and travel patterns were critical to understanding

the nature of tourism in the Basin and the importance of cross border linkages and
cooperation.

Access was seen as the major issue both in terms of the heritage tourism resources and
their different users as well as appropriate information.
The majority of the Basin was crown land under various tenures and tourism is a new
form of land use which has no clear legislative framework to operate in like pastoralism,
mining, conservation and Aboriginal use.
Managing environmental impacts was also highly rated and highlighted the need for the
Natural Resource Management bodies to take much greater account of tourism in their
planning and activities.
There are significant implications to take a broad across border approach to implementing

the Future Directions suggested and ensure tourism is sustainable and provides for
enhancing the livelihoods of the Basin communities.
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ABSTRACT
In 2004, a national pilot study was conducted under the direction of the Australian
Collaborative Rangeland Information System (ACRIS). In Queensland the test region was
the Desert Uplands Bioregion of the central inland. Five questions were posed dealing with
changes since the early 1990s in forage resources, land condition and the local community' s
capacity to respond. The main fmdings of the report compiled by Gary Bastin are re-iterated
and learnings for future resource monitoring and reporting activities are discussed.
Queensland' s ability to monitor via remote sensing is very good. There are documented
monitoring protocols such as T.R.A.P.S. , GrassCheck and QGraze, plus allied databases. A
shift in the nature of structured, on-ground resource monitoring was evident during the time,
including the formation of new groups like the Desert Uplands Build-up and Development
Strategy Committee. However continuity of some on-ground verification programmes has
become quite tenuous over the past eight years.
THE ACRIS CONCEPT
The Australian Collaborative Rangeland Information System (ACRIS) collates rangeland
information from State, Northern Territory and Australian Government agencies and other
sources. It has recently been included within the National Land and Water Resources Audit
framework. After setting objectives and choosing appropriate outputs (ACRIS 2001), a test
of the system' s capability was done for a region in each rangeland State. The approximate
timeframe covered was the decade 1992 to 2002. Each region attempted to report against 5
themes. Details are reported on the ACRIS website
www.deh.gov.aullandlmanagement/rangelands/acris/ .
Figure 1: Location of the Desert Uplands
Bioregion (68,853 sq km) within central
Queensland
(The 4 sub-ffiRAs are also shown - DEU4 is
now called Jericho)
The Desert Uplands Bioregion (Figure 1)
was chosen for Queensland because it had a
number of activities underway that related to
resource monitoring. Nonetheless, some
themes were not able to be reported upon
well. Results were couched in the context of
seasonal rainfall received during the test
period (Figure 2).
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THE RESULTS
Change in potential forage growth
Reasonable rain fell in the late 1980s and in 1990 but then a prolonged very dry period ensued
(Figure 2). Then followed some above - average years but conditions again deteriorated to
drought in 2002 -03. Modelled output from Aussie -GRASS (Carter et al. 2000) shows the lag
between any big change in growth due to rainfall and the resultant standing pasture available
(Figure 2). Mean annual rainfall averages about 500mm but ranges from 600 to 350mm.
More details about physical resources of the region can be found at the following website www.epa.gld.gov.au/ nature_ conservation /biodiversity /regional_ ecosystems /desert uplands/
Desert Uplands annual (April -March) rainfall and pasture condition
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Figure 2: Fluctuations in simulated annual pasture growth, expected total standing dry
matter at the end of summer and annual rainfall for the bioregion as a whole
On ground monitoring
Pastoral monitoring activity was found to be fairly scant and determined by particular project
activity rather than structured, ongoing programmes. QGraze (DPI &F 2005) was very active
at the start of the decade but by early 2000 only monitoring linked to the Desert Uplands
Build-up Strategy was continuing at many sites. Improved pasture composition was only
recorded in average to above average seasons. Of sites recorded in above average seasons,
11% showed a decline in 3P (palatable, perennial, productive) grasses (Bastin et al. 2005).
Monitoring by Dept. Natural Resources & Mines (DNRM) showed no pasture improvement
in the early 2000s as seasonal conditions declined (Figure 3).

Bare ground
Bare ground sensing from satellite is becoming a possible broad -scale monitoring tool but the
technology was not proven when the assessment was made. On- ground monitoring of ground
cover change via the DNRM programme showed marked fluctuations over 5 years (Figure 4).

Tree cover
Appreciable tree clearing has occurred in the Desert Uplands and satellite data from the
SLATS (Statewide Landcover & Trees Study) showed this particularly in the southern parts
between 1997 and 1999 (Wilson et al. 2002).
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and yield over all Desert Uplands pasture
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(Mean rainfall for 2004 was 455mm)

Figure 4: Mean ground cover
percentage over 5 years from the
monitored sites

However, information over a longer timeframe provided by the Australian Greenhouse Office
shows that there have been cycles of tree regrowth and clearing since the 1970s (Figure 5).
Careful attention should be paid to what each method records as they differ.

Figure 5: Average yearly net change
in `forest' cover in the Desert
Uplands bioregion over a sequence of
reporting periods from 1973
Biodiversity
There was no co- ordinated information
available for this region for the study
period but Morgan et al. (2002)
provided an anecdotal summary that
said "Most of the Desert Uplands bioregion remains in a relatively natural condition and its
biodiversity, including both plants and animals, is largely intact. Less than 12 percent of the

bioregion has been subject to tree clearing, and introduced weed species are not yet
widespread. ...Twenty -nine plant species and 22 animals found in the bioregion are listed as
rare or threatened under the Nature Conservation Act 1992."

Social indicators
The Aust. Bureau of Statistics provided socio- economic indicators that they considered useful
for informing rangeland policy. They used data from the Census of Population and Housing
(1991, 1996 and 2001) and the Agricultural Census 2000 -01, and the Australian Agricultural
and Grazing Industry Survey conducted by the Australian Bureau of Agriculture & Resource
Economics (ABARE). These show an ageing, declining population earning modest income
primarily from cattle (Table 1). Some fencing to protect valued country was occurring,
probably fostered by local community drive.
Desert Uplands Build -up & Development Strategy
The Desert Uplands Build -Up & Development Strategy has an active committee with a
secretariat driving local communities to adopt sustainable use and development of their area.
It has a website (www.desertuplands.org.au) informing people about upcoming events and
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continuing projects to help them achieve their goals. There is a detailed map and description
of the biophysical resources of the region on their internet site to help boost regional capacity
to meet challenges. See http:// www .desertuplands.org.au/duslrad /welcome.html

Table 1: Excerpts from the Australian Bureau of Statistics section of the Regional
Report, derived from official ABS surveys and censuses that included the bioregion

Indicator type

Desert Uplands information

Median age of primary producers

1991 - 44yrs 1996 - 47 yrs 2002 - 47 yrs

Total family property income

1996 to 1999 $83,142
1999 to 2002 $75,789

Regional population
% population identifying as Indigenous
Address change

1991 - 3900 2001 - 3737
2001, 5% compared to Qld 3 %, Aust. 2%

Agricultural production

2001, 74% at same address as 5 yrs earlier
compared to Aust. mean of 49%
Cattle & calves worth $221m

Cattle & calves provide 85% of agric.
production, wool 10 %, crops 2%

Area fenced to protect from grazing

88,700 ha (43% of this to `protect all other
areas')
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ABSTRACT
In eastern Australia, woodland clearing or thinning to enhance productivity from pastoral
activities was common practice at latitudes greater than 20 °S. Ecological theory says that in
water - limiting woodland environments, evergreen trees compete with the understorey
pastures and restrict pasture growth. We report on results from an ironbark woodland at 23 °S
in a 650mm rainfall environment where there was no initial pasture growth response to the
chemical removal of appreciable tree competition. Data was collected by both the Swiftsynd
primary productivity method and the Botanal pasture sampling method. Possible reasons for
this apparent ecological anomaly are discussed but no convincing explanation reached.

INTRODUCTION
In environments where perennial grasses grow well, conventional wisdom has it that trees
compete with the grasses for resources, particularly water. Experimental data (Scanlan and
Burrows 1990) shows a general curvilinear decline in pasture (mainly grass) production as
evergreen tree density or stem basal area per hectare increases. This occurs for a range of
vegetation dominants (Scanlan 2002) from eucalypts to acacias to shrubs like Eremophila and

Cassia. Pasture and savannah primary production models such as GRASP (McKeon et al.
1995) reflect this paradigm by apportioning soil moisture between trees and pasture in the
upper layers of the soil profile.
When a trial was set up to study woodland dynamics in the Peak Vale Land System (Gunn
1967) near Rubyvale in central Queensland, one of the treatments chosen was tree clearing,
along with spring burning and grazing pressure. This paper summarises the outcome of the
removal of tree competition on pasture production over the ensuing six years in the absence of
grazing.

METHODS
An open silver- leaved ironbark (Eucalyptus melanophloia) woodland with mean tree basal
area of 6m2/ha was chosen. Bloodwood (Corymbia erythrophloia) and prickly pine (Bursaria
incana) were minor components, with ghost gums (C. papuana) restricted to the drainage
lines. The soil was a gritty red duplex soil (Dr 2.12, Northcote et al. 1975) of low fertility and
available water holding capacity, 70 mm in the upper 60cm. The associated pasture was a
good condition native one dominated by blackspear (Heteropogon contortus), desert Mitchell
(Bothriochloa ewartiana) and golden -beard grass (Chrysopogon fallax).

The trees were killed with `Velpar' (hexazinone) in March 1994, using the `nick and squirt'
technique. Small ironbark trees, of which there were many, were treated by squirting
chemical on to the soil surface at their base. In all, there were 12 one hectare plots used in
this experiment in a factorial design with three replications. Half were left untreated. The
other management factor applied was spring burning to half the plots. Conditions did not
allow for a successful burn every spring but it was achieved in 4 of the 6 years after 1994.
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Thereafter, standing pasture biomass was assessed each autumn using the Botanal technique
(Tothill et al. 1992) and tree size and regrowth was recorded in 1995, 1997 and 1999.
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Figure 1: Effect of killing trees with hexazinone on standing autumn pasture dry matter
(ungrazed) over the next seven years at Rubyvale, central Queensland
RESULTS
Tree death was rapid and complete where Velpar was used. However, killing the trees had no
significant impact on pasture production in most years (Figure 1). This result occurred
consistently over a range of seasons that varied from very good (1997/98) to quite dry (1996
and 2000 Figure 2). Spring burning had no impact on this result (data not presented)
although it did affect the total amount of pasture recorded in most years. More intensive
sampling of some plots for model calibration using the Swiftsynd methodology (Day and
Philp 1997) produced a similar result (Silcock et al. 2006).

Tree regeneration from seed and suppressed saplings was negligible during the trial.
However, in the absence of grazing and fire, small ironbark saplings were more evident in
patches by 2001.

DISCUSSION
This is an abnormal result. However, because it happened consistently over 7 years and was
informally reported from nearby properties, there must be other factors operating to allow
unrestricted pasture growth beneath a woodland. Pasture yields were good and typical of this
land type. An independent assessment done in June 1997 in similar vegetation on the same
property (P.V. Back, pers. comm.), showed a slight but significant decline in standing pasture
yield due to trees after a very good early summer season

-

Pasture yield (kg/ha) = 5350 - 251 *TBA (m2/ha) (R2 = 0.621)

This is not nearly as strong an affect as other data from the ironbark woodlands found
(Scanlan and Burrows 1990).
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Figure 2: Seasonal rainfall pattern during the trial period. Hot season = Oct - Mar

Mild season = Apr - Sept
Initially it was thought that the tree root systems may have still been debilitated following the
severe regional drought of 1992 -93. Widespread death of eucalypts was reported around
Charters Towers after the drought (Fensham and Holman 1999), especially of silver -leaved
ironbark. The canopy of many ironbarks at our site was not voluminoUs but they were not
insignificant. Significant tree death had not occurred at our site nor did it happen unassisted
during our study. Rates of refoliation after spring fires were typical, in our view, and
measurements taken in early 1998 showed complete canopy recovery within one summer
(Jones unpublished data).

The same lack of tree impact on the pasture was recorded at the same time on the adjacent
grazing trial paddocks that were treated with herbicide at the same time. So the result is
general in terms of the grazing pressure applied. The trees did not show any obvious signs of
ill -thrift or severe insect or pathogen loads during the trial. A year or so after the trial began,
bracket fungi were observed on many large trees killed by our herbicide. This, according to
foresters who we consulted, would be expected and such fungi are not regarded as primary
pathogens of eucalypts.
The lack of a pasture response to tree killing on this land system (1850 sq km) is currently
only explained by a lack of competition for moisture between the current tree and pasture
layer. Do these trees stimulate soil insect activity to an extent that they greatly enhance
moisture infiltration that primarily advantages the shallower- rooted pasture? Was their canopy
lacking the foliage density (foliage projected cover - FPC) that would normally be expected
for their trunk diameter?
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ABSTRACT
Inadequate knowledge of carrying capacity is a major factor inhibiting sustainable resource
use and development within the pastoral industry in the Northern Territory. To address this
issue, the Department of Primary Industry, Fisheries and Mines, with support from the

Tropical Savannas CRC, has developed a Territory wide project to provide objective
information on pasture productivity of important land types. The project combines the
methodology of Swiftsynd, an abbreviated version of the methods used in the GUNSYNpD

project (McKeon et al 1988) and the calibration of the GRASP pasture growth model
(Littleboy and McKeon 1997).
In the future, pastoralists from these regions will be able to apply these pasture growth models
with the confidence that they have been calibrated using data from their specific regions and
land systems. The models will then allow properties to better estimate their potential carrying
capacities for better economic and environmental outcomes.

INTRODUCTION
Awareness of rangeland management within the pastoral industry is increasing in the
Northern Territory as pastoralists look at new ways to increase productivity while maintaining
sustainability. Determining safe carrying capacities can provide pastoralists with information
to create better long - term management decisions

The process of calculating carrying capacities begins with the data collected from Swiftsynd
sites on various land systems and types across the regions. This data is then used to calibrate
the GRASP pasture growth model using historical rainfall data. This provides pasture growth
model outputs, which can then be applied to different rainfall zones and land conditions.
Until now, the only other available models for the Northern Territory have been calibrated for
the Victoria River District (VRD). Results from that study have shown useful correlations

between modelled and actual growth (Cobiac 1997). While successful in the VRD,
investigations using these models in different regions had poor results (Anders 2003). This
has led to the development of the Northern Territory Carrying Capacity Project.
The project covers three pastoral areas within the Northern Territory, the Sturt Plateau south
of Katherine, the Barkly region near Tennant Creek and the Alice Springs region. These
regions were chosen, as they are all significant pastoral production areas currently undergoing
development, as well as being geographically, climatically and ecologically different.
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METHDOLOGY
Sites were mostly selected according to landsystems. Each region selected landsystems that
were generally widespread, of significant pastoral production value and represented different
pasture and soil types. The Sturt Plateau landsystems being investigated represent 74% of the
total region. The Alice Springs and Barkly regions are much larger and contain many different
landsystems and have focussed their sites on the most widespread and productive areas.

The sites are 30m x 30m exclosures and are completely stock and kangaroo proof. Data is
collected within these exclosures four times per year (known as `harvests') for two entire
growing seasons. Data that is collected includes grass yields, soil moisture, daily rainfall,
detached plant material and plant nutrient contents. Each harvest aims to capture a unique
growth stage including initial growth flush from stored reserves, peak nitrogen uptake during
flowering, maximum standing biomass where nitrogen becomes limiting and natural pasture
detachment (Cobiac 2001). At the end of 2006 we will have some complete data sets ready for
the calibration using the GRASP pasture growth model.

KEY LEARNINGS
Each region is climatically and geographically unique and therefore the methodology had to
be modified for different areas. Some of the modifications include harvesting after significant
rainfall events in the Alice Springs region to capture the flush of growth associated with
annual and seasonal pasture plants in that area. In the Sturt Plateau and Barkly regions, heavy
late wet season rainfall has delayed harvests, which prevented the capturing of significant
growth stages. These issues have become unavoidable and overcome by modifying the
methodology to ensure that accurate, full datasets are completed. This has involved changes
including increased number of harvests per year or extending project time to three years.

At the end of 2006 there will be complete data sets ready for the calibration process using the
GRASP pasture growth model. Once the model has been calibrated for each region they can
be applied to properties in the regions. A major user of this data will be participants in the

Grazing Land Management workshop, which relies on these tables to assist producers to
calculate safe long term carrying capacities for their properties.
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ABSTRACT
The use of faecal Near Infra -red Reflectance Spectroscopy (NIRS) to predict the diet quality
selected by grazing cattle and future body condition of cattle has been evaluated for several
common pasture types in the Pilbara and Kimberley of Western Australia. During a three
year project, changes in cattle body condition scores (BCS) were recorded at seventeen
locations in the Pilbara and Kimberley at regular intervals. Diet quality selected by these
grazing animals was predicted from faecal samples collected at each observation using NIRS.

NIRS predictions of digestibility, diet crude protein (Diet CP) and faecal nitrogen (FN)
predictions were shown to be correlated with breeder body condition six and nine weeks into
the future.

INTRODUCTION
To develop more productive and environmentally responsible cattle production systems for
the northern rangelands of WA, it is necessary to develop an understanding of current animal
productivity and the relationships between body condition changes, diet quality, pasture type
and pasture yield. While some information has been documented on animal survival and
reproductive performance in the Kimberley, little has been recorded in the Pilbara and no
information has been recorded on the diet quality actually selected by grazing cattle.
Developing an understanding of the diet quality selected by grazing cattle on different pasture

systems and subsequent changes in BCS has implications for improving the timing of
management activities including weaning musters, sales and implementing supplementation
strategies.

A three year project, supported by Meat and Livestock Australia (MLA) and Department of
Agriculture and Food WA (DAFWA), was conducted to determine the reliability of NIRS to
predict BCS changes of breeders grazing different pasture types in the Pilbara and Kimberley.
This project was initiated in the Pilbara and later extended to the Kimberley.
The objectives of this project included:
1. Establish initial animal performance `benchmarks' of grazing cattle in the Pilbara region
of WA.
2.

Establish the reliability of faecal NIRS to predict animal performance and as a
management tool in the Pilbara.
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METHODS
Sites

Cattle data collection sites were established at a total of twenty -two stock watering points on

nine of the more productive land systems /pasture types on properties in the Pilbara and
Kimberley. Details of the collection sites and the land systems and pasture types included in a
3 km grazing radius from the stock watering point are presented in Table 1.

A 3 km grazing radius from water was selected for the purpose of establishing the main land
systems /pasture types available for grazing at each site. It was assumed that cattle spend the
majority of their grazing time within that area. These land systems and pasture types are
described by Van Vreeswyk et al (2004).

Each site was selected in co- operation with pastoralists as being representative of that land
system/pasture type on their property and likely to carry cattle throughout the year.

Table 1: Pilbara sites with land systems and pasture types within a 3 km grazing radius
Pasture types
Sites
Land systems
Cliffs Mill, Horseshoe,
No6
Christmas Tank, Midway
No3, Ram Quarry
Crossroads, Tragedy

Hooley, Brockman,
Paraburdoo, Pindering.
Uaroo

Roebourne plains grass, Buffel

Cane, Horseflat, River

Fredericks, Yorks Mill,
Manawar
Minsons, River, Parsons
Stirrup Iron, Shaws,
Stewarts
Victory Mill
Nimmingarra

Brockman, Hooley

Tussock grasses inc. Ribbon,
Roebourne plains and Buffel
grasses.
Mitchell and Roebourne plains

River, Mallina,
Sylvania, River, Divide,
Fortesque.
Yamerina.
Uaroo, River, Boolaloo.

Soft Spinifex, Aristida spp.

Buffel
Buffel, Roebourne plains, soft
Spinifex, ,Aristida spp.
Buffel and marine couch
Soft and hard Spinifex (limited
collections only)

Table 2: Kimberley sites with land systems and pasture types within a
3 km grazing radius
Pasture types
Land systems

Sites
Bulka
Jubilee No

Pindan
Pindan

Myroodah

Pindan

Nerrima

Pindan

Jubilee Greenhide

River floodplains

Liveringa

River floodplains

Moola Bulla

Loamy creek lines /rocky
outcrops
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Soft Spinifex, Buffel grass
Soft Spinifex, ribbon grass,
wattles
Soft Spinifex, ribbon grass,
wattles
Soft Spinifex, ribbon grass,
wattles
Mitchell grass, blue grass,
mimosa
Mitchell grass, bluegrass, native
sorghums
Soft Spinifex, black spear grass,
bluegrass

Pasture monitoring photo sites were established 1.5 and 3 km from stock waters adjacent to

roadways in areas representative of the target pasture type.

These sites provided a

photographic record of season and grazing effects on pasture quality and quantity during the
project.

Cattle measurements
Cattle measurements were made every 4 -6 weeks (weather permitting) and included:
Body condition (1 -9 scale) of representative lactating, dry and growing animals present

at each site. A minimum of 15 head of each status to a maximum of 30% of the cattle
present was recorded. Photo standards of body condition were developed and used to
ensure consistency of body condition assessment.
An estimation of females lactating as a percentage of mature -age females present.

An assessment of the current liveweight (condition) change of dry animals.

This

assessment was usually a combination of the perceptions of the pastoralist and project
officer and recorded as "Gaining ", "Holding" or "Losing ".

Cattle management activities /events (e.g. mustering, weaning, sales) that might affect
grazing behaviour, stocking rate and body condition of the representative group were
recorded during each collection.
Rainfall, fires etc that may have effected pasture quality or quantity.
An assessment of quality of pasture on offer using pasture growth phases (as used in the
EDGEnetwork Nutrition workshop), leaf: stem ratio, % green leaf and an estimate of
yield.

A bulked faecal sample consisting of a 100 ml scoop of fresh (warm) faeces collected
from at least 15 dung pats. This bulk sample was thoroughly mixed and a 300 ml sub
sample selected and immediately refrigerated. Samples were refrigerated for up to four
days before freezing if it was not convenient to oven dry (Pilbara samples) or air dry
(Kimberley samples) samples immediately.

NIRS determinations
Each dried faecal sample was divided, with one sample forwarded by mail to CSIRO,
Townsville, for NIRS determinations by David Coates and a duplicate sample forwarded to
the WA Chemistry Centre for determination of `wet chemistry' N and P.

RESULTS
NIRS predictions of digestibility was the independent variable most highly correlated with the
BCS of wet and dry cows recorded nine weeks later. Many of the independent variables were
highly correlated with one another. Values of the same measurement three weeks apart had
correlations ranging from 0.81 to 0.95. Values of the same measurement six weeks apart had
correlations ranging from 0.57 to 0.79. NIRS predictions of DCP and FN six and nine weeks
before sampling were also highly correlated with BCS.

Pasture yield, an estimate of feed likely to be consumed by grazing cattle, also had a
significant effect on BCS of breeders. Relative to cows on paddocks with pasture yields
<500kg, cows on pastures yielding 500 - 1,000 kg /ha had condition scores 0.859 ±0.144
(P <0.001) higher, cows on pastures yielding 1,001 - 2,000 kg/ha had condition scores
1.066 ±0.156 (P <0.001) higher, and cows on pastures yielding 2,001 - 3,000 kg/ha had
condition scores 1.430±0.273 (P <0.001) higher. There was no difference in the BCS ofcows
on the top three yield categories.

362

BCS of dry breeders seldom fell below score five (1 -9 scale) in years following useful
summer rain in the Pilbara pasture types. Following the complete failure of the 2004/05
growing season experienced at many sites breeders declined rapidly in condition until useful

July rains were recorded. Following these rains BCS did not improve immediately,
presumably due to inadequate dry matter yield at some sites.

CONCLUSIONS
Faecal NIRS provides another tool for pastoralists to predict with some confidence future
changes in body condition of breeders. The six to nine week `window' suggested by the
results of this project provides a useful time frame for planning management activities like
mustering and sales in extensive cattle herds. It is interesting that this time frame is similar to
the `rule of thumb' that visual observations of cattle performance are often 6 weeks late i.e.
they have been losing condition for up to six weeks before a change is observed.
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ABSTRACT
A project to improve the productivity of cattle breeder herds initiated in 2004 is producing
interesting information in the Pilbara and Kimberley of WA. Objectives of this project include
determining pastoralists attitude to adopting alternative management practices, documenting

animal performance under current management systems and combining pastoralists
experience and relevant R &D from other areas of northern Australia to develop, trial and
demonstrate alternative best practise management systems for young breeders. A summary of
the Pilbara project activities is presented.

INTRODUCTION
Cattle breeding is the common enterprise on all operational pastoral leases in the Pilbara. The
profitability of these enterprises is determined by number and value of cattle produced and
sold less input costs. Limited information available indicates that, in common with many
extensive northern Australia cattle enterprises, female sales as a percentage of total sales is in
the range of 30 % -35 %. This indicates that around one half of the females bred in these
enterprises do not leave the property. Similarly long term average reproductive rates (progeny
weaned/breeding age females exposed to bulls in the previous season) are around 55% - 70 %.
While some enterprises are certainly more productive than these figures suggest, there is
opportunity to improve productivity by improving the efficiency of reproduction and reducing
apparent female losses.

In common with producers across northern Australia, pastoralists in the northern rangelands
of WA have identified young breeders (defined as young females in the breeding herd until
they conceive their second calf) as a high survival risk group in the breeding herd with often
less than optimal reproductive performance. A project, "Industry initiatives to improve young
breeder performance in the Pilbara and Kimberley of WA ", was developed in co- operation
with pastoralists and the MLA Northern Beef Program (NBP) to investigate and address these
issues.

METHOD
Pastoralists project management group
An expression of interest for pastoralists to be involved in a group to oversee and contribute
to project development and management was advertised in the Department of Agriculture and
Food (DAFWA) Northern Pastoral Memo. This resulted in the formation of a group, which
included co- operators in the site activities and pastoralists responding to the expression of
interest. The group has met on a number of occasions to consider project development and
management issues.
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Current practises and attitudes
A survey was developed and conducted to provide a background of current practises and
pastoralists' attitudes to adopting alternative management practises. A 40% sample of
pastoralists was surveyed to represent all herd sizes and major land systems of the Pilbara.
Survey information was collected during personal interviews. All participants were advised
that they would again be asked to participate in a similar survey towards the end of the project
in 2008/09 as part of project evaluation.

Productivity of current systems
Four `data collection' sites were established in the Pilbara to document the performance of
young breeders under current management systems. The management aims at one site was to
intentionally mate heifers in the year after weaning as `yearlings' and at the other sites to mate
heifers in the second year after weaning as `two year olds'.
Groups of heifers were individually identified on each of four properties with liveweight, body
condition score (BCS), and reproductive information recorded as convenient for co- operating

pastoralists. Individual animal performance of these young breeding females will be
monitored until they have the opportunity to conceive their second calf.

RESULTS
Current practises and attitudes
A summary of the results of a survey of 40% (n =22) of Pilbara pastoralists conducted during
2004/05 are included in Table 1.

Table 1: Summary of Pilbara survey results
Herd information:
Average herd size
Av. calves marked /weaned 2003/04
Av. females sold 2003/04
Enterprises using botulism vaccine
Enterprises segregating heifers following weaning
Enterprises mustering breeders more than once a year
Enterprises vaccinating bulls for Campylobacter
Enterprises control mating heifers - (bulls actually
removed)

Attitude towards changing heifer management:

6,800
2,300
880
83%
78%
40%
28%
5%

Agree /strongly

agree
"Would change if new techniques are demonstrated to be

67%

better ".

"Are definitely thinking of changing what we do"

56%

While this information has not yet been subjected to statistical analysis it provides an
overview of cattle management practises currently in operation in the Pilbara and an
encouraging attitude of pastoralists to change.

Productivity of current systems
Information recorded at these sites during the project to date is summarised in Table 2. It
should be noted that the reproduction information is not yet complete for some of these sites
as two of the sites, Mandora and Yarraloola, do not intentionally mate heifers until they are
`two year olds'.
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Table 2: Summary of the reproduction information collected from the Pilbara `data
collection' sites
Site
Manina
Hamersley
Yarraloola
Mandora

No. recorded

Yearling Preg rate

Preg/calf loss %

Disappearance%

16
15

6
27 **

250
200

64
60

162

15*

6

233

20*

3

* Heifers not intentionally mated until 2005 as nominal 2 year olds
* *54 of 200 heifers were not mustered during 2005. Of the `missing' heifers 34% were either
empty or early pregnant in October 2004 and 66% were pregnant to calve in the NovemberApril period during the completely failed 2004 /05 growing season.

CONCLUSIONS
The survey findings that some 66% of pastoralists; "Would change if new techniques are
demonstrated to be better" is encouraging and challenging for the project team.

The information documented at the `data collection sites' has identified a number of
management practises likely to improve young breeder productivity. Issues identified for
consideration for inclusion in best practise systems to be trialled at different locations in the
Pilbara during the next phase of the project include:
The relatively high conception rate achievable by heifers in the year following weaning in
average to better years - -60% conceptions recorded at two sites.
The difficulty in controlling bulls in large paddocks - pregnancy rates up to 20% recorded
before heifers intentionally mated at two sites.

The need to run young breeders as a separate group until they wean their first calf to
provide the opportunity for preferential management should seasonal conditions
deteriorate - as indicated by the possible loss of young pregnant females 66% Vs 34% at
one site.

The project is currently in its third phase of trialling and demonstrating best practise
management practises on three co- operator properties in the Pilbara. Similar activities are also
progressing well in the Kimberley.

This project provides an example of active co- operation between pastoralists and agency staff
in WA and across northern Australia in identifying and addressing a production issue. Similar
work is being conducted in the Northern Territory
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ABSTRACT
The aim of this paper is to introduce a study that develops, tests and refines techniques for
measuring biodiversity condition and management outcomes using before and after scientific
experiments of waterpoint manipulations. It will be undertaken on selected arid rangeland
cattle properties in the Stony Plains region of South Australia. A key outcome expected from

our proposed research is authentication of biodiversity outcomes from waterpoint
management.

INTRODUCTION
It is clear that resource managers urgently need tools to assess the condition of rangeland
biodiversity (including native vegetation) and identify appropriate management options.
However, unless we can authenticate on- ground biodiversity outcomes from management
interventions, further public investment in biodiversity conservation will be questioned. This
is already a big issue in South Australia where waterpoint management is regulated by a

permit system that trades -off pastoral and biodiversity conservation values. Perverse
outcomes in permit approvals can have huge impact through real opportunity costs,
production losses or a loss of natural assets. The government is being pressured to show in a
transparent fashion that real biodiversity outcomes and improved ecosystem services are
achievable from waterpoint management.

OBJECTIVES
Our objectives cover developmental, experimental and knowledge and adoption (K & A)
aspects of the research spectrum. They are:
1. Develop indices of biodiversity condition and management outcomes.
2.

Test (i) the assumption that waterpoint management controls most of total grazing
pressure across the landscape, (ii) the reliability of indices, (iii) the appropriateness of
sampling scales for monitoring biodiversity condition and management outcomes, and for
the influence of natural rainfall events on condition and outcomes from the intervention.

3.

Standardise, make accessible and document indices and field measurements of
biodiversity condition and management outcomes and their measurement, and make
recommendations to SA government agencies and other stakeholders on the efficacy of
waterpoint management as a biodiversity management tool.
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RESEARCH APPROACH
Key issues
In the arid rangelands, waterpoints control the distribution of most grazing animals both
spatially and over time, especially where domestic stock and feral animals need daily access
to water in the summer months and every few days during the winter months (Fisher et al.
2005). Kangaroos appear less influenced (Fuduka 2006). Better management of waterpoints
therefore could be a powerful management tool for achieving biodiversity outcomes by

controlling the influence of total grazing pressure (TGP) on native biodiversity. In
substantiating achievement from management intervention, it is important that we tease apart
other confounding factors such natural variation due to climate variability (Underwood 1993).

Biodiversity condition and outcomes from intervention will be measured using attributes of
soils, vegetation and animals. Key issues are:

To demonstrate management outcomes, we must show that average changes in
biodiversity condition at places where intervention occurs are more than the expected
changes observed in places where no intervention occurs.
The highly variable and unpredictable rainfall events also drive ecological patterns and
processes and influence the responses of biota in equally variable and unpredictable ways
spatially and over time (Griffin & Friedel 1985; Friedel 1990; Watson & Novelly 2004).

Topography and soils also have a strong influence on biotic distributions, as fertile
pockets can be found amongst vast areas of infertile landscape (Stafford Smith & Morton
1990). These places are significant for biodiversity as they tend to support higher plant
diversity, growth and palatability, are preferentially favored by domestic and wild stock
and native fauna for forage and are distributed unevenly throughout the landscape.

Indices of condition and outcomes can be data hungry and therefore need intelligent
development if they are to be feasible. Indices also must be repeatable and reliable in
their use. They involve a high level of risk if the understanding of the attributes for
measuring biodiversity condition, outcomes from intervention and TGP are inadequate
(Smyth et al. 2003). A mix of surrogates may be needed for the development of indices
(Smyth & James 2004; Hunt et al. 2006).

Time is a limiting factor for testing the outcomes of waterpoint intervention (Griffin &
Friedel 1985).
Questions
In recognition of these issues and our objectives, we will address the following questions:
1. (a) What are the key biodiversity outcomes we can realistically achieve on the ground
from waterpoint management, (b) what are the impediments to achieving them and (c)
how could this influence the assessment of condition and management outcomes?
2. Given the key biodiversity outcomes identified in Ql, (a) what are the most appropriate
attributes of soils, vegetation and animals for measuring biodiversity condition and
management outcomes for the study area, (b) what are the appropriate resolutions for
monitoring them and (c) do techniques already exist for deriving indices?
3.

How do waterpoint interventions influence biodiversity attributes and TGP in (a)
different land systems at places with (b) different gradients of soil condition?

4.

How do rain events affect the ability to detect biodiversity outcomes from waterpoint

5.

interventions?
(a) How reliable are the derived indices and (b) what refinements are needed?
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Overall approach to problem
We will undertake this project using a fast -track or evolutionary strategy of research project
planning as shown in Figure 1 because it is a highly innovative project with some high risks
(e.g., participating producers withdrawing from project part way through the study). The
project is separated into four activities. Activities 1 and 2 are part of the developmental phase.
Activity 1 involves fine- tuning of the research design in face -to -face consultations with the
project team, adoption steering group and participating pastoralists. It will investigate Q1 and

Q2a and b and will be completed before any of the other activities. Activities 2, 3 and 4
(central box of Fig. 1) will be carried out concurrently. Activity 2 describes the design of the
indices (Q2c) which involves evaluating existing techniques, identifying surrogates as
parameters for indices of biodiversity condition, developing the indices and testing their
consistency using other data. Activities 3 and 4 are a part of the experimental phase. Activity
3 investigates Q3 and Q5 which involves running a `before -after' manipulative experiment for
most of the life of the project. Activity 4 investigates the impact of rain events on biodiversity
outcomes (Q4) and assesses further refinements if needed (Q5). Activity 5 is the knowledge
management and adoption phase and will be done concurrently with all other activities.
Activity
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Figure 1: Proposed research approach for studying the authenticity of biodiversity
outcomes from waterpoint management. (BACIP - Before, After and Control, Impact
experimental design with time Periods; IBC - Index of Biodiversity Condition; IIM Index of Intervention Management)
RESEARCH DELIVERABLES
Key deliverables of our research will be indices of biodiversity condition and outcomes, an
understanding of appropriate sampling scales for monitoring condition and outcomes,
authentication of biodiversity outcomes from intervention and recommendations on options
for waterpoint management to inform the SA government waterpoint management policy.
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ABSTRACT
Sustainable Wildlife Enterprises (SWE) is a property -level stewardship initiative that sets out
to trial the sustainable commercial use of wildlife. The objective is to create alternative
revenue streams for rangeland managers while achieving net conservation benefit, including
the restoration of habitat on private lands (Wilson & Mitchell 2005). AEMS Farm Solution
has been implemented as a data management tool, to improve the capacity of land managers
within the Murray Darling Rangelands Conservancy Inc. (MDRC Inc) to put in place holistic
property and wildlife management plans, monitor system and performance outcomes, and
communicate information. The web -based planning system has legal compliance and
continual improvement elements and is being designed to allow for the maintenance of GIS
and agronomic data, and for the control of land based activities, including natural resource
management. Integration of management systems and secure data sharing is at the core of the
data management approach. The objective is to provide a system that is producer friendly,
appeals to industry, NRM regulators and other service providers, and enables verification of
product integrity.

DATA MANAGEMENT REQUIREMENTS
Data generated from the SWE trial has need of a single, integrated system that is capable of
generating information which:
1. demonstrates production/financial outcomes and net conservation gain from augmenting
sustainable production practices with wildlife enterprises
2. provides data security while also allowing data sharing capabilities
3. has an integrated process and performance system structure
4. generates data that assists the development of marketing initiatives for wildlife products
5. incorporates property and regional scale natural resource, environmental and social
parameters to demonstrate a defined level of certification

The development of the data management system has required a number of issues to be
addressed that include system and data integration, and data sharing. The continuous
improvement data management model is illustrated in Figure 1.
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Figure 1: Continuous improvement data management model
DATA MANAGEMENT CAPABILITIES
The data management approach is centred on integrating systems and providing a secure
platform for data sharing. The approach recognises that stand alone, static, document control
systems have been proven to be cumbersome, out -of -sync with land manager's mindsets and
generally inaccessible (URS 2004). The system is based on risk assessment and the principles
of PLAN >DO >CHECK >ACT that underpin an EMS, but takes reporting and assessment
beyond ISO -type process systems, to include performance assessment. The inclusion of
rigorous financial tracking provides an important assessment tool for enterprise performance,
which can be integrated with other resource tracking and performance criteria related to
natural resource management and social outcomes.

Tiered Entry
Users are able to undertake a staged approach to EMS, achieving different levels based on
personal requirements or objectives set by the Wildlife Management Conservancy (WMC).
For example, users can enter at a compliance level and progress to industry best practice. The
system provides a framework for assessing performance through auditing at 1st, 2n4 and 3r4

party levels as desired by individual land managers or as required for certification
compliance. An important element of the tiered entry approach relates to potential payment
schemes for environmental stewardship, recognising that the wider community is unlikely to
be willing to pay for stewardship outcomes that land managers are legally obliged to meet.
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Data Integrity & Consistency
Data integrity and consistency has been considered in a number of ways to ensure quality
standards are being met. This includes records, where appropriate, for:
Recorder(s) /observer(s) and site identification
Training/expertise held by recorder(s) / observer(s) in procedures and equipment use
Type and condition of recording equipment (eg maintenance and calibration schedules)
Additional skills /partnerships utilised in recording information
Information sources used in reaching data conclusions (with links to resources)
Sampling methods and sampling effort
Date and timing of recording(s) and other influencing variables (e.g. weather conditions)
Conservancy members highlighted the importance of observational data routinely collected by
land managers to augment scientifically rigorous monitoring regimes. Recognising the need
for data integrity and consistency, facility has been provided for this type of data collection.

Data Sharing
An entirely innovative aspect of the data management approach has been to enable the web based property planning package for a seamless transfer of spatial and textual data from land
managers to industry bodies, NRM regulators, financiers and other service providers
according to need. The system allows land managers to enter and store data against a
property /wildlife management plan, while sharing specific information with a chosen service
provider in one operation. Data transfer is protected through strict security provisions and
permissions. This innovation provides a wide range of data sharing opportunities, including

integration of data at subcatchment and regional scales and meeting of various reporting
obligations.

Flexibility in Reporting
The system is flexible to various reporting needs, including those of a proposed Stewardship
Certification Scheme. This requires the capacity to report against various performance
indicators as they relate to management activities, operational inputs and outputs, and the
overall health of the environment (e.g. landscape function, biodiversity measures). The
system is also capable of managing data associated with various indicator types. This
includes environmental parameter indicators (such as habitat or landscape condition),
surrogate indicators (such as

area of native vegetation fenced as an indicator of

habitat/biodiversity protection), and leading or adoption based indicators (such as number of
targets or training courses achieved).

CONCLUSION

Australian agricultural producers are faced with an increasingly complex management
environment. Community expectations for meeting environmental stewardship and quality
assurance standards, legal and other requirements, and the need for managing and integrating
multiple farm systems are all contributing to this complexity. To enhance sustainability
outcomes, management systems also require a capacity to respect property boundaries, whilst

recognising the necessity for objectives to encompass sub -catchment and catchment
boundaries and /or other landscape attributes.

The property /wildlife management planning system being implemented within the MDRC
Inc. is attempting to address these issues and meet the objectives of the RIRDC SWE trial in a
number of ways. This includes providing a single integrated approach to data management
that has relevance to land managers daily practice, and flexibility in terms of developing and
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meeting system and performance standards and requirements. By operating off a web -based
platform, solutions to efficient data sharing among NRM groups, industry bodies, financiers
and others is being explored. The objective is to find innovative solutions for integrating new
forms of natural resource management with traditional agriculture and agricultural practices,

improving land manager's capacity to identify and solve problems and make informed
decisions.
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BACKGROUND
The MLA EDGEnetwork Grazing Land Management (GLM) workshop is the product of the
GLM Education Program (Quirk et al., 2001) supported by MLA. The GLM framework was

based on extensive producer surveys questioning the type of grazing information they
required. This framework was then tailored, through collating local information and research

results, to create region specific workshops for both the Katherine (2003) and Central
Australia (2005) regions of the Northern Territory. GLM workshops consist of technical
information presented in a way to promote adult leaning, and the introduction of a suite of
comprehensive tools to help develop and build on participant's knowledge of maintaining or
improving natural resource sustainability, in conjunction with increasing productivity and
business profitability.

It was found that while producers responded in an overwhelmingly positive manner to the
course, difficulties arose when they returned home and attempted to apply new tools and
technical principles to a complex management environment.
In a unique approach, the Northern Territory's Department of Primary Industries, Fisheries
and Mines (DPIFM) and the Northern Territory Cattleman's Association (NTCA)
collaborated to successfully apply for funding through the National Landcare Program (NLP).
The funding was utilised to employ two GLM Officers (GLMO). Based at Alice Springs and
Katherine, the GLMO's key roles are to promote and coordinate the delivery of the GLM
workshop and, most importantly, provide follow up support to graduates. This supporting
role provides a one -on -one service to encourage the application of the principles and tools
learnt in the workshop when making grazing management decisions. These grazing
management decisions are made in accordance with a Grazing Management Plan, an outcome
of the GLM workshop, specific to each business to guide the progress towards achieving their
grazing management objectives.

THE GLM WORKSHOP
The workshop begins by developing the participants understanding of the grazing land
ecosystem, its main drivers (climate, grass, animals and fires) and the things that make it tick
(soils, plants and pastoralists). The tools to manage land condition, improve the evenness of
grazing and enhance diet quality are covered as individual modules. These are:
Managing grazing
Managing with fire
Balancing tree and grass
Pasture improvement
Managing weeds
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The workshop concludes with a planning session where participants apply the information
and tools presented to their business and develop their own Grazing Management Plan.
Participants are provided with station maps (including land type mapping) and pasture growth
figures for each particular land type on their property. In the past, NT pastoralists were using
figures that were provided mainly from studies interstate where land types, frequency of fire
and rainfall all differ significantly to what occurs in the Territory.

Targeting GLM at a regional level allows for a more detailed and focused approach to
particular management issues. This increases the opportunity for participants to learn about

their specific environment and management systems, and create a realistic approach to
sustainable grazing management.

Delivered through a `hands on' approach, the workshop promotes group discussions, sharing

of knowledge and observations, and encourages personal involvement in the learning
activities.

The GLM workshop incorporates an extensive range of decision support software tools,
including GRASPI, Stocktake2, Vegmachine3, HowOften4 and Rainman5. An important role
of the GLMO is to offer assistance to graduates in using these decision support tools when
developing their Grazing Management Plans.

Two GLM courses have been conducted in Katherine in 2004, with both courses receiving
very positive feedback. A third Katherine region workshop is due to be held later this year.
A pilot course for Central Australia was run in 2004, with the first workshop also to be held
later this year. It is expected that the demand for GLM workshops will remain positive.
Through time, the material delivered in the workshop will adapt to incorporate the outcomes
of current and future research, and evolving grazing management practices.

PRODUCERS INCORPORATE THEORY ON A PROPERTY SCALE
Due to the funding received as a result of the innovative partnership between the NTCA and
the DPIFM, GLM graduates are offered intense post workshop support. Throughout the
workshop, producers learn and develop an appreciation of sustainable grazing management
principles. They leave with the motivation to begin implementing their newly acquired
knowledge and skills guided by the Grazing Management Plans they have begun to develop.

However, once they are home, away from the support of the workshop coordinators and other
participants, they are faced with a multitude of management issues and decisions; as is the

nature of managing a cattle property in a variable climate. This dose of reality tends to
dampen enthusiasm as the demands of each day take precedent over the best of intentions.

In addition, many producers have a low level of confidence in operating and utilising the
outputs of computer based decision tools. As a result, they often have trouble translating the
theory into management outcomes for their property.

The support and encouragement provided by the GLMO's prolongs the learning experience of
land managers so that it extends beyond the classroom. Through their participation in the
GLM workshop and continued association with the GLMO, pastoralists have the opportunity

to become proficient at manipulating mapping programs, determining dry season forage
budgets, calculating short and long term sustainable carrying capacities, carrying out land
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condition assessments and enhancement activities as well as documenting and monitoring
weed and Grazing Management Plans. These activities are implemented specific to the land
types, infrastructure and management scenarios present on their property, providing
reassurance in their applicability.

GLMO's are the missing link required to catalyse producers to take the GLM workshop and
have it deliver real outcomes for productivity, profitability and sustainability; in the short and
long term. This is achieved through the finalisation and implementation of the Grazing
Management Plan born out of their participation in the GLM workshop, and the confidence

gained though the support of the GLMO to apply the skills and knowledge they have
acquired.

1GRASP is a computer simulation model that calculates the growth of northern Australia's
native pastures. Developed by Queensland Department of Natural Resources and Mines.
2Stocktake is a paddock scale land condition monitoring and management package developed
to provide grazing land managers with a practical, systematic way to assess land condition
and long -term carrying capacity, calculate seasonal forage budgets and to record and store
monitoring data. Developed by Queensland Department of Natural Resources and Mines.
3Vegmachine is a software system, which uses long -term sequences of Landsat imagery and
other data to produce maps and graphs of trends in land cover indices.

4How0ften is a program that manipulates long term rainfall records to view trends in
historical rainfall events.

5Rainman is a software program that provides long -term daily rainfall trends including
information on the Southern Oscillation Index (SOI), sea surface temperatures and monthly
average temperatures for 3700 locations around Australia.
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ALLIANCES IN THE RANGELANDS - LEB & OTHER EXAMPLES:
DESERT KNOWLEDGE AUSTRALIA LINKED BUSINESS NETWORKS PROJECT
J. Taylor
Desert Knowledge Australia, PO Box 2114 Alice Springs NT 0871
Email: joy.taylor @nt.gov.au

THE IMPETUS: CONSTRAINTS TO GROWTH OF DESERT ENTERPRISES
Almost all businesses in desert regions of Australia's rangelands have less than 20 employees.

A significant block to sustaining business activity in remote areas is isolation; from other
businesses, from each other, from customers, as well as the lack of connections with publicly
funded infrastructure such as research and development and technical training. A direct
response to this isolation is the tendency of businesses to be self contained, and to offer a
broad range of products or services only to their local market. Thus desert businesses don't
gain the benefits of specialization enjoyed by their coastal counterparts, such as productivity
improvements and the ability to profitably service distant markets.

THE PROJECT: CROSS BORDER BUSINESSES CLUSTERING WITHIN AND
BETWEEN INDUSTRIES
The pilot Desert Knowledge Australia Linked Business Networks Project aimed to respond to
these constraints by establishing mentoring networks for small businesses, facilitating the
development of their skills and exploring ways to develop critical mass, within regions and
across borders, focusing on relationship building and using a range of communication
technologies to connect businesses across the desert regions of Australia's rangelands.

The 21 month pilot was a collaboration between Desert Knowledge Australia, Desert
Knowledge Cooperative Research Centre and a range of regional development, business and
related organisations from across four states and the NT, and was supported by Auslndustry
and Teistra.

SOME OF THE CHALLENGES
No previous examples of business clustering across such distances - we have been
learning as we go, informed by national and international examples of local clustering.
Time needed for relationship and trust -building between businesses and the development
of real projects within the funded period of the pilot. Business people needed to know
what was in it for them, why they should invest their time in the network.
A flexible approach to reflect industry and regional differences (four industry networks
were established within the project, together with a number of special interest networks),
and to develop at the pace and in the direction the participating businesses chose.
Working with the reality of regular staff turnover, in particular local facilitators.
Working with varying levels of partner agencies' engagement.

HELPING INCREASE THE VOICE AND VISIBILITY OF BUSINESSES IN THE
DESERT
Businesses joining together to form a joint venture to tender for larger projects than
individually they had the capacity for, eg 5 businesses in the Broken Hill Mining Services
hub formed a joint tendering venture, which has secured $5 million worth of business to
date.
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Collaborative marketing initiatives - promoting a network of businesses to increase the
visibility of individual businesses; business expos, trade fairs, festivals, web, brochures,
eg 11 businesses in the Bush Products and Local Foods Network presented a range of
products at a trade fair linking producers and customers across the desert via
videoconferencing.
Shared research and development and professional development to save time and money
among the businesses in a network, eg a building designer in the Sustainable Building
Network gaining professional input from network members on his energy efficient house
design. It was a WA finalist in the 2005 Design Awards.
Generating business through contacts made within and through the network.
Linking businesses directly with researchers and policy makers through network events
and projects, eg linking tourism businesses in the desert and researchers into issues related
to 4WD tourism.

379

A STAGE -STRUCTURED PROJECTION MODEL INCORPORATING THE
EFFECTS OF GRAZING MANAGEMENT AND RAINFALL ON POPULATIONS OF
SHRUBS AND TREES IN THE AUSTRALIAN RANGELANDS
F. Tiverl' 7, J. Boland', K Rosenberg', L. McArthur3, L Watson, T Auld', A. Denham', R.
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ABSTRACT
We present a new stage -structured model activated in Excel to project potential impacts of
grazing and rainfall (drought) over up to 500 years on population numbers of trees and shrubs
in the Australian chenopod rangelands. The model is based on functional types rather than
species so that it can be used on any species of tree or shrub, and includes the effects of
grazing pressure of four herbivore species: sheep, rabbits, goats or kangaroos. Rainfall (either
modelled or real rainfall records) is then included as another variable. The model can be set
to run in stages with different herbivore intensities to model the effects of management
interventions such as spelling of paddocks and control of feral herbivores. Users may also
create various climate -change scenarios by editing the rainfall file.

INTRODUCTION
Previous research shows that grazing has reduced levels of regeneration of a number of
species of native trees and shrubs in the arid lands of southern Australia since European
settlement (Crisp & Lange 1976; Crisp 1978; Tiver & Andrew 1997). The reduced levels of
regeneration reported in some species mean that their populations are declining whilst others
are being maintained or are even increasing, hence gradually altering the composition and/or
overall cover of vegetation. In the long term, this could result in loss of some species, and/or
the dominance of large areas by undesirable "woody weed" species, with unknown effects on
overall sustainability of biodiversity and productivity. There could be a corresponding loss of
opportunity for marketing Australian rangeland products as being produced by ecologically
sustainable industries, so there is a need to predict long -term impacts of herbivory on
rangeland tree and shrub populations.

Ecological processes commonly operate on time -scales of decades or longer (Tyre et al.
2000). Because of the long life -spans of woody trees and shrubs compared to humans, there
has tended to be very little research to follow the progress of plant cohorts compared to
animals. Consequently, the field of mathematical modelling of plant populations has also been
somewhat limited (Czaran 1997). Yet mathematical modelling is a useful tool that can be used
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to predict a range of population outcomes over 100s of years. Individual- oriented matrix
population models (Leslie 1945) are widely used to study the long -term growth of populations
(Caswell 2001). Two examples of the use of such models for arid zone shrubs are Grice et al.
(1994) and Watson et al. (1997).

METHODS: MATHEMATICAL STRUCTURE OF THE MODEL
McArthur et al. (2006 in press) gives a full description of the mathematical structure of the
model. In brief, a projection matrix is used, consisting of entries that represent the vital
rates (fecundity and survivorship) of individuals of different stage classes. Most matrix models use age -classes, but there is insufficient knowledge to determine the ages of most
Australian trees and shrubs, so we adopted stage- classes. During each iteration of the
matrix (representing a time -step - which can be any interval, but we assumed years) a
proportion of the individuals move up one stage- class. Thus, for each time -step, each
individual either remains in the same stage or proceeds to the next.

RESULTS: INPUT DATA & CAPABILITIES OF THE MODEL
Firstly, the user selects from among seven functional types the one that most suits their
study species (Table 1). Each functional type is linked to a data -file containing parameters
(probabilities) of fertility and survivorship, and how these are affected by grazing and
rainfall, derived from literature sources and experimental data of the authors. Parameter
files for any type can be edited to more closely represent the study species in question.
Alternatively the user may select a generic type and enter their own parameters.

As a starting point (representing time -step zero), the user enters the frequency of
individuals in each of seven stage -classes. The stage- classes are those of Tiver and
Andrew (1997) where I = single- stemmed juvenile, II = branching juvenile, III = juvenile
with central leader becoming dominant, IV = young mature (reproductive but canopy not
full- sized), V = mature (full canopy size), VI = < 50% senescent and VII = > 50%
senescent. Not all users wish to use all seven stage -classes, and Functional Types 5 and 7
use five stages only. The model can easily be adjusted to use fewer stages, by setting all
survivorship probabilities in the earlier stages to 100% so that these stages are "skipped
through" without affecting the matrix output.

In the traditional Leslie (1945) models, the stable state is defined as Lambda = 1 i.e. the
resulting population is neither increasing nor decreasing, and fecundity levels are adjusted
to achieve Lambda = 1. However, through reproduction, all populations have an intrinsic
exponential growth rate (Begon et al. 2006) which is usually suppressed by variables we
include in the model such as grazing or drought. To allow for intrinsic growth rate, users
may alter Lambda by adjusting "Doubling Time" - the longer the doubling time, the
higher the value of Lambda (intrinsic growth rate) of the population.
The effects of one to four herbivore species (sheep, rabbits, goats or kangaroos) may be
added, at the five levels of grazing intensity of Tiver & Andrew (1997). The grazing
variables act on the model matrix by reducing survivorship probabilities. The model can
be set to run the same grazing parameters for every year (non- varying management

regime), or alternatively the grazing regime can be altered at intervals to model
management strategies such as the control of rabbits and spelling or grazing rotations.
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Table 1: Functional groups represented in the Model (type species in bold)
Defoliation
Recovery

Funct.
Group

Representative
Species

Height

Palatability

Longevity

1

Callitris glaucophylla

>2m

High

2

Long
(> 200 yrs)
Long
(> 200 yrs)

Low

Myoporum platycarpum
Acacia aneura

Short /Med
20 -50 yrs

High

(decreaser)
>2m

Acacia oswaldii

High

(decreaser)
Low
(increaser)

Low

3

Acacia ligulata

2m

4

Acacia víctoriae
Cassia chatelaniana
Dodonaea viscosa
Eremophila sturtii
Senna artemisioides
Maireana polypteryga

< 2m

Low
(increaser)

Long
( >600 yrs)

High

< 1m

High

Short
(c. 20 yrs)

Low

Maireana sedifolia
Maireana pyramidata
Rhagodia parabolica
R. eremaea
R. spinescens
5

Atriplex vesicaria

6

Maireana georgei
Maireana platycarpa
Maireana trichoptera
Eremophila forrestii
E duttonii
E. alternifolia
E. maitlandii

2m

Low

Long
( >200 years)

Unknown

7

Acacia carnei

> 2m

Variable

Long
( >200 years)

High

(decreaser)

Acacia loden
Alectryon oleifolius
Casuarina pauper
Exocarpos aphyllus
Pittosporum phylliraeoides

The first option for rainfall is to use a file of historical data for which the default option is
116 years of Koonamore (SA) records. Users may enter their own regional historical
rainfall data, and may also edit rainfall data sets to create various climate- change scenarios
such as increased or decreased summer rainfall or drought frequency. Alternatively,
rainfall can be generated using the rainfall sub -model, which uses the historical data set to
create 1 -199 years of synthetic rainfall. In the Australian and zone, it is actually lack of
rainfall (drought) that has the most significant impact on ecosystems (Stafford -Smith &
Morton 1990; Denham & Auld 2004). Hence, rather than using rainfall totals for each
time -step, plant response parameters are set to be sensitive to droughts, defined as months
without effective rainfall. Effective rainfall varies with stage- class: juvenile individuals
requiring less effective rainfall but only able to survive short periods of drought, whereas
older individuals require larger effective rainfalls for maintenance, but are able to tolerate
much longer periods of drought.

DISCUSSION: MODEL OUTPUT
The output is a plot of numbers of individuals in each stage -class, as well as the total

population number (sum of all the stage -classes) at each annual time -step. Once
parameters are set, the model can be run with grazing and rainfall, either separately or
together. Some examples of model output for various management and rainfall scenarios

are given in Palisetty et al. (this volume). The aim of the model is not necessarily to
produce accurate predictions, but to provide users with an indication of the magnitude of
variation of various management and climate scenarios as a risk -management tool. The
identification of variables to which plant populations have high sensitivity also provides

focus for future research that, by providing greater accuracy on plant responses to
variables, would in turn allow greater predictive power of the model.
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CATTLE IN THE TROPICAL SAVANNAHS
N. Tomkinsl'3 and P. O'Reagain22

1CSIRO Livestock Industries, SM Rendel Laboratory, Rockhampton Qld 4702.
2DPI & F, PO Box 976, Charters Towers Qld 4820.
3Corresponding author. Email: nigel.tomkins @csiro.au

ABSTRACT
This study investigated the distribution and landscape selection of grazing cattle using a
global positioning system (GPS) to track cattle. Brahman cows were fitted with BlueskyTM
GPS collars for 8 weeks. The study area had a single water point and contained a wide
diversity of land types. The data indicated grazing preferences were initially limited to a 250
ha cleared area of clay soil sown with Cenchrus cilliaris. Thereafter, animals moved on to less
fertile, outlying areas of Eucalyptus and Acacia agyrodendron native pasture woodland.
Animals avoided areas dominated by steep terrain and travelled a maximum of 4.1 km from
water. The study confirms that grazing preferences can be interpreted through GPS and
satellite imagery for commercial operations. Areas susceptible to over -grazing can be
identified and sustainable land management practices adopted accordingly.

INTRODUCTION
Variability in landscape productivity and the large scale of northern Australian beef properties
provide challenges for sustainable landscape management. Commercial paddocks are often

large and contain a mixture of land types, while water for livestock is often not evenly
distributed. Paddock scale grazing patterns may be uneven, resulting in over- and under -use of

different areas. This can result in a reduction in productive capacity and localised land
degradation. Our current understanding of the main factors driving spatial selection by
livestock is poor (O'Reagain 2001). Water has been identified as a primary determinant of
cattle distribution in extensive landscapes (Ganskopp, 2001). Forage utilsation is often
centred on artificial water sources, as grazing cattle may only travel 4 - 10 km per day from
water (Hodder and Low, 1978; Ganskopp, 2001) and consequently the majority of grazing
would occur within this distance. A piosphere effect often becomes apparent (Lange, 1969)

and a logistic growth curve equation has been shown to describe the yield response of
vegetation to grazing as a function of distance from water (Graetz and Ludwig, 1978). The
positioning of water across arid -land pastures can thus be an effective tool for manipulating
cattle distribution. Aside from water, grazing animals have been observed to spend the
greatest proportion of their foraging time in areas offering the greatest rate of digestible
energy intake, but they also spend a significant proportion of time in "sub- optimal" areas
(Langvatn and Hanley 1993; Wilmshurst et al., 1995). Areas close to water and/or dominated
by palatable grass species are therefore grazed preferentially (O'Reagain, 2001). Foraging
strategies used by the animal thus determine the intensity, timing and spatial location of plant
defoliation and consequently the grazing impact on the pasture (O'Reagain 2001). Despite the
importance of understanding spatial selection patterns over extensive landscapes, it is only
since the commercial development of GPS for tracking animals (Rodgers, 2001; Udal, 1998)
that a relatively reliable and easy method to measure the utilisation of different landscape
units has existed.
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This study investigated the distribution and landscape selection of grazing cattle over a large
heterogenous pasture and was achieved by fitting cattle with GPS collars to quantify their
activity in relation to a single water point.

METHODS
The investigation was conducted on Trafalgar Station, 60 km south -west of Charters Towers,
Old. Average annual rainfall is 642 mm. Soils are predominantly P deficient yellow earths.
Brown cracking clays and texture contrast soils are also present. The study site was a 1530 ha
paddock that contained a single water point located in the extreme SW of the paddock. The

site contained a mixture of land types, ranging from cleared and uncleared Acacia
agyrodendron communities on heavy clay soil, to shallow texture contrast soils dominated by

Eucalyptus melanophloia to stony slopes dominated by Spinifex and A. shirleyii scrub.
Paddock surveys and Landsat imagery were used to map dominant vegetation types. Pasture
yield and composition were determined using the BOTANAL methodology (Tothill et al.,
1992) along six, 3 -4 km transects that bisected all vegetation types.
Twelve BlueskyTM GPS collars were programmed to obtain a position from a minimum of 4

satellites every 30 min for 8 weeks. The collars were fitted to Brahman cows randomly
selected from the breeding herd during a routine muster in November 2005. The data
collected by each GPS unit was; date /time, latitude, longitude (WGS 84), number of satellites
and operational status. After collars were removed from the animals, data was down- loaded
using a wireless interface and converted to Eastings/Northings with CoordTransTM to facilitate
algebraic derivation of distances.

RESULTS & DISCUSSION
The performance of the GPS units was variable with units collecting data from 2 to 44 d. Data
from all collars was used to determine mean values. This study involved mature cows with
calves which, as a class of livestock, have been shown to travel less than yearling cattle

(Arnold and Dudzinski, 1978). The age and sex of cattle may contribute to grazing
distribution, but the general rate of herbage removal from any one site or patch will primarily
influence progressive changes in grazing patterns. The mean distance travelled, m/h, over 24
h in this study is shown in Figure 1. Peak periods of travel per hour were confined to dawn

and dusk, which were probably the main grazing times. During these periods animals
travelled up to 800m in an hour. Mean total distance travelled between visits to water, range
from water and minimum convex polygon (MCP) area is shown in Table 1. During the 8
weeks mean MCP area was 341 ± 85.5 ha and animals avoided areas dominated by steep
stony terrain. This avoidance would have limited effective grazing opportunities. Figure 2
indicates the distribution of one animal across the study site. Animals accessed a maximum of
671 ha or 44 % of the study site. Spatial analysis of the GPS data indicated that grazing
preferences were initially limited to a 250 ha cleared area of clay soil sown with C. cilliaris
and relatively close (within 4.1 km) to water. Thereafter, animals moved on to less fertile,
outlying areas of Eucalyptus and A. agyrodendron native pasture woodland. Overall animals
largely ignored a large area of steeper, stony terrain in the NE of the study site. The selective
concentration of grazing animals in certain areas can be regarded as a reflection of the extent

of heterogeneity of the landscape and the multi level response of the animal to this
environment.
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Table 1: Mean (± sem), minimum and maximum distances travelled per day, range and
return distance from a single water point for Brahman cows
Distance travelled per day (m/24 h)
Range from water (m)
Distance travelled between visits to water (m)

Mean ± sem
8127 ± 267
1464 ± 13.7
13811 ± 4770

minimum
3648
5186

maximum
14698
4125
26670
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Figure 2: The grazing distribution of one
animal fitted with a GPS collar. Location
fixes at 30 min intervals over 8 weeks

Figure 1: The mean (± sem) distance
travelled per h over 24 h by Brahman cows
fitted with GPS collars

Similar distances across different pastures from water have been reported elsewhere (Hart et
al., 1993; Hodder and Low, 1978). Drinking events, determined by proximity to water, were
also evident during dawn and dusk. Mean distance travelled between visits to water was 13.8
± 4.77 km. On occasions some animals would not return to the water point for up to 3 d.
However, it is possible that they were watering from small ephemeral waterholes during this
time.

Knowledge of pasture distribution and order of grazing preferences by cattle can be a useful
tool in planning the location of water points and fence lines (Hodder and Low, 1978). This
study clearly indicated a grazing preference initially limited to a cleared area of C. ciliaris that
was located in relatively close proximity to a single water point with animals subsequently
moving on to less fertile, outlying areas.

Lower GPS fix rates would maximise battery life and could be used in long term studies to
reveal a hierarchy of grazing preferences across these variable landscapes typical of Northern
Australia. However, accuracy of measurements of distances travelled would be reduced.
Further analysis of the data obtained in this study will explore changes in grazing preferences
over time.

CONCLUSIONS
The study confirms that grazing preferences can be interpreted through GPS and satellite
imagery for commercial operations. Areas susceptible to over - grazing can be identified,
leading to more sustainable pasture and animal management.
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ABSTRACT
A demonstration site has been developed in conjunction with Warrawagine Station and the
Department of Agriculture and Food to investigate the benefits of maintaining individual
animal records to improve herd productivity. The use of Radio Frequency Identification
Devices (RFID) associated with the introduction of the National Livestock Identification
Scheme (NLIS) has allowed cattle records to be stored electronically and accessed easily in
subsequent musters.

INTRODUCTION
Warrawagine Station (410,780ha) is an extensive cattle property located approximately
130kms north east of Marble Bar on the western edge of the Great Sandy Desert and is
situated in the Shire of East Pilbara in Western Australia. The owners of Warrawagine have
shown a keen interest in improving rangeland management and herd productivity and see the
potential of using Radio Frequency Identification Devices (RFID) associated with the
National Livestock Identification Scheme (NLIS) in assisting them to develop individual
animal performance records.

APPROACHES TO DATA COLLECTION AND RECORDING
Livestock numbers and ages are now recorded with weights soon to follow. Approximately
7000 breeders have so far been identified with rumen boluses.

The data is collected on each individual animal under the barcode of the RFID. Cattle and
their individual records can be traced from the paddock they were put into, to the place that
they were mustered from. This will assist in determining the grazing preference of individual
animals and in which areas cattle perform the best. Recording the wet and dry status and
body condition of cattle allows the owners to make inferences on which paddocks are /are not
suitable breeding grounds for the different age groups. A fencing program could potentially
be based on the information recorded regarding preferred grazing and cattle movements in the
extensive unfenced areas of the property.

The current infrastructure on Warrawagine has progressed the development of this
management system to include the identification of heifers and young breeders. Further use
of RFID's should make it possible to efficiently and accurately collect information on large
numbers of young breeders. Collecting this information will develop historical records of
individual young breeders to help determine the preferred time and age of first calving and its
effects on subsequent reproductive performance.
Prior to the implementation of a commercial software program (Stockbook), the owners were
using an Elders notebook to record cattle numbers. Records were basic and consisted of how
many cattle came out of an area and how many were let back. This method only gave a rough
idea of how many cattle on the property at the end of the year.
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The software program is used by the station to collect and collate individual animal data and

easily access it while working with cattle in the yards. The system is set up with a panel
reader which reads the RFID device of each animal walking past and is recorded onto the
laptop. Experiences so far suggest that only 50% of a person's time is required at the laptop
while cattle are being moved through the yards. Abbreviations and the use of shortcut keys
means that minimal typing and keyboard skills are required by the operator.

POTENTIAL BENEFITS
Recording cattle weights will enable the owners to identify which areas of the station provide
better feed, resulting in higher weight gains. The improvement in turnoff and quality will
now be measurable and to a certain degree controllable.

The long term benefits will be a clearer understanding of how many cattle will be culled and
how many will be breeders for the following year. From these figures an estimation of the
potential calf numbers for the following year can be made. Diseases related to a reduction in
the calving rate could be identified by testing the cows that come through without calves. The

program has only been going for the past 12 months and will be more useful in the
progressive seasons.
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LANDSCAPE HISTORY CONTROLS VEGETATION ECOLOGY: FORMATION OF
MID -CREEK FLOODOUTS IN WESTERN NSW
G.A. Wakelin-King

School of Environmental Science, La Trobe University, Bundoora, Melbourne, Vic. 3086
Email: g.wakelin- king @latrobe.edu.au

ABSTRACT
Floodouts at tributary junctions formed during major floods when sediment was dumped in
the flow path. Dense vegetation grows in the floodouts in a geomorphological /ecological
feedback: the vegetation maintains the landform and vice versa. If erosion allows a channel to
establish through the floodout, the cycle reverses and the area becomes unproductive. Circumstances which promote erosion may include floods, vegetation thinning, or linear disturbances
eg roads or fences. The floodouts are important drought refugia, and are ecologically equivalent to riparian zones. Because of their efficiency in trapping floodwaters, floodouts in
western NSW often contain dams, contributing to the prosperity of grazing properties.

INTRODUCTION
The many small dry creeks of western NSW don't provide large -scale water resources, and so
appear insignificant in comparison with larger rivers. However, they contribute economically
to the grazing and tourist industries, by supplying stock and station watering points, and by
forming part of the tourist landscape.

One such creek is Fowlers Creek. Fifty -five km long, it arises in the low hills of the Barrier
Range (Fig. 1) and leaves the range to flow across flat plains, where it terminates. The area is

vegetated by open chenopod shrubland. In Fowlers Creek's trunk and terminal floodout
zones, (Fig. 1) river red gums (Eucalyptus camaldulensis) dominate dense riparian vegetation,

but in the uplands zone, red gums are uncommon except at certain tributary confluences.
Fowlers Creek experiences hot, dry summers and mild winters; rainfall is sparse and greatly
exceeded by evaporation. Fowlers Creek is -usually dry, but may flow several times a year, to
sub -bankfull, bankfull or flood levels; extreme flow events also occur on multi -century and
millennial timescales (Jansen 2001). Fluvial processes were investigated along Fowlers Creek
by mapping sediment and landform distribution, examining sedimentary structures, measuring
grain size, and dating sediments by Optically Stimulated Luminescence. Comparison of old
and modern sediments has allowed understanding of fluvial processes over the last several
thousand years.

GEOMORPHOLOGY IN THE UPLANDS
A wide network of channels (Fig. 1) is incised into the red silty floodplains which separate the
low rubbly hills of the Fowlers Creek uplands. The main central channel is a long arroyo (has
a rectangular cross -section with steep banks and a generally flat floor). The smaller tributary
creeks are usually also arroyos, some of which connect directly to the main central channel. In
others, the drainage is disconnected: reaches with an arroyo alternate with channel -less flood prone river flats (floodouts). Unchannelled floodouts are especially characteristic of tributary
confluences (Fig. 1). Mid -creek floodouts have an upstream area, where the single arroyo
channel may divide into many shallow distributary channels, and the central area where there
are no channels and water spreads across the surface as shallow unconfined sheetflow (Fig.
2A).
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Figure 1: Fowlers Creek: location and geomorphic zones (uplands, trunk, terminal
floodout)
Downstream from the floodout, a network of gullies captures the sheetflow and directs it into
the next arroyo downstream. Although apparently different types of creek, discontinuous
channels and their floodouts are complementary parts of the same fluvial system (WakelinKing and Webb, in press): a type of erosion cell (Pickup 1985, 1988; Bourke and Pickup

1999) known as a discontinuous ephemeral stream (Bull 1997). In the study area, many
floodouts are notable for their dense vegetation, especially the abundant tall red gums which
are growing without a nearby channel -a situation which does not occur elsewhere in Fowlers

Creek. In November 2002, when the region was suffering hard drought, the floodout
vegetation was green and flourishing.

LANDSCAPE HISTORY AND MODERN PROCESSES
Floodouts in the study area originated thousands of years ago during extreme flow events.
Sediment -laden floodwaters travelled down the narrow tributary valleys until they entered the
larger main valley. As the floodwaters ceased to be confined by the valley walls they spread
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widely, decreased in depth, slowed down, and dropped their sediment load (Fig. 2B). Seeds
and organic material were also deposited; a new cohort of vegetation germinated in the damp
silt, and under favourable rainfall conditions survived to maturity.

Once a floodout is formed, the vegetation and the landform combine in a self -reinforcing
ecological feedback (Wakelin -King and Webb, in press). The low down- valley slope and

absence of channels, first formed by the wedge of sediment dumped in the flow path,
encourages later flows to spread out, slow down, and drop sediments, seeds, and organics.
The slow shallow water has time to be absorbed into the floodout surface. This relatively
damp, organic -rich environment is favourable for the survival of vegetation (Fig. 2C). The
dense vegetation makes a rough, crowded surface, which discourages erosion (therefore
discouraging channel formation) and encourages slow, shallow sheetflow. Thus, the land
shape promotes the vegetation and the vegetation sustains the land shape.

However, if a direct flow path cuts through the floodout (Fig. 2D), the feedback system
operates in reverse. The water bypasses the floodout and its vegetation diminishes and
eventually dies. Without the vegetation, the floodout surface retains little water; infiltration
and germination become unlikely, and erosion and channel formation are promoted.

DISCUSSION AND CONCLUSIONS
Because of their efficiency in trapping floodwaters, floodouts are ecologically and economically valuable. They often contain dams or watering points, contributing to the prosperity
of grazing properties. They are especially important as drought refugia, and after drought can
be a source of seed and of animals in breeding condition. Feral plants and animals also shelter
in floodouts, and drought may be an opportunity for targeted pest control.

Floodout vegetation is crucial in maintaining landform stability. Thinning or removal of
vegetation, or the replacement of low bushy- branched plants (eg chenopods) by widely- spaced
central -stemmed plants, will promote faster water flow and eventually erosion. Other factors

which may trigger erosion are large floods, or linear ground disturbances such as tracks,
fences, or buried polypipe. The dense vegetation protects the ground from erosion, but only up
to a point: once that point has been crossed, erosion and channel establishment will progress

rapidly. The area will become unable to trap water, productivity will decline, and the
increased throughflow will also contribute to downstream fluvial instability.

Floodouts' dense vegetation and reliance on nearby water make them ecologically equivalent
to riparian zones. However, the absence of channel banks means they are unlike the riparian
zones of "normal" (temperate, perennial) rivers. Where catchment management plans have
goals or funding which is tied to certain landforms (eg riparian zones), it is important that
criteria should be equally applicable to dryland rivers, by recognising their different landforms
and processes.
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MANAGING AND MEASURING NATURAL CAPITAL IN THE RANGELANDS TO
DELIVER ECOLOGICAL SERVICES.
A. Walsh

Moorna Station, Via Wentworth NSW 2648
Email: annabelwalsh @bigpond.com

BACKGROUND

Twenty four years ago my husband and I arrived at Moorna with two small children,
numerous dogs and livestock that we brought with us from our previous property in South
Australia.

We immediately set about building our stock numbers to the recommended carrying capacity
and getting a cash flow happening. We had purchased the property soon after the 1981 -82
drought and the previous owner had de- stocked through these years. Moorna, we thought, was

in pretty good heart. After several seasons we became aware we were losing hundreds of
lambs after weaning. Our older sheep were looking fine but the stress of weaning was causing
huge losses in the lambs. Results from autopsies and were clearly showing that their kidneys
were unable to cope with the high salt loads. We now realised that the saltland vegetation was

having an impact on our production and we needed to do something about it.

Most of

Moorna's grazing lease and freehold is affected by the lock 9 weir pool and Lake Victoria; the
severity of the salinity was not realized until the early nineties, after we received results from
test bores.

GRAZING MANAGEMENT
It was at this time that my brother rang and suggested that we implement planned rotational
grazing to improve the saltland vegetation, perennial grasses, build soil health and to mitigate
the effects of the salinity. We realised we had our backs against the wall but we felt it was
worth trialing planned rotational grazing. The landscape responded and little by little we have
seen an improvement. This result has had a huge impact on the Moorna management team as
we now realize that if you stick to the right system and listen to the landscape then it will talk
to you on a daily basis. In fact it is entirely captivating and I am totally engrossed. It has
become my life.

Over the years my interest has grown around the question of "where has our natural capital
gone" and what can we do to rebuild it. This interest in the local history and landscape was
fuelled by numerous meetings with Dick Condon, John Malcolm, and local landholders and
any book that I could get my hands on that related to early records of vegetation and stock
numbers (carrying capacity). Moorna was conservatively stocked, we were battling to stay
viable and the landscape was declining. The historical records from the 1850's through to the
1890's spoke of huge numbers of stock overlanding through this region (to SA) and huge
numbers being shorn at the Nulla and Moorna woolsheds. They could not ring for a semitrailer of hay in those days so the only way that they could keep the sheep alive was from the
feed and water available in the immediate area.

We believe on Moorna that there has been between a 75% and 90% loss of natural capital,
simply estimated by what the land carried in the first 40 years of settlement and what it can
carry today and what native species were once there. In order to find a way to improve the
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natural capital we need to look at the impacts that created the decline. Continuous grazing
practices, rabbits, not managing drought, increased watering points leading to increased
kangaroo numbers and the demise of the native wildlife especially the small ground foraging
mammals which have shown to have significant benefits to soil health.
On Moorna we are addressing all the above impacts by planned grazing, kangaroo and rabbit
control, matching stocking rates to rainfall and developing a program to re- introduce native

wildlife back into our grazing system while still maintaining our wool and meat sheep
enterprise.

ADAPTING THE SHEEP ENTERPRISE TO THE ENVIRONMENT AND MARKETS
Moorna runs a self - replacing merino flock, so our main enterprise is wool and the sale of
wether lambs and cull ewes. This enterprise is run on 45,000 acres consisting of one - third
chenopod and two- thirds saltland vegetation. In 2001 we introduced two South African
breeds, Dorpers and Damaras. These breeds were introduced as a trial and we ran them
separately from each other for five years to analyse their different characteristics. They are
two very different breeds of sheep but the one thing that they do have in common is their
ability to metabolise forage that is lignified and maintain good carcass weight. The Dorpers
are more like our traditional British breeds and there is no buyer resistance at the market
place, but the Damaras have a stronger fat tail sheep characteristic and there is a resistance in
the local markets.

We run both breeds on the southern side of the Frenchmans creek; this gives us a formidable
natural barrier. It is important that the merino's are kept very separate from the Dorpers and

Damaras to prevent any fibre contamination. Also we have had the Dorper and Damara
enterprise accredited for organic meat production through BFA and the meat sheep can not
mix with the Merinos.

The herding instinct in both bred is very strong and this is a great advantage when practicing
tight planned grazing because clean musters are essential to give the resting paddock total rest

from domestic livestock. Prior to the introduction of the Dorpers and Damaras we were
running goats in the same area and it was almost impossible to get a clean muster and the
landscape suffered.

A decision has been made by the Moorna management team after five years of studying these
two breed and following the South African trend to cross the Dorper rams over the Damaras.
This will hopefully give us the best of both breeds. I feel the sheep industry is where the cattle
industry was about twenty years ago. It is time to develop a sheep that is best adapted to our
semi -arid rangelands and is a buffer against climate change.

APPROACHES TO MONITORING CHANGE
The big question is, how do we know by implementing certain management actions we are
improving our soil health and vegetation, and in our case on Moorna our saltland vegetation,
to build our production and natural capital?

Over the years we have been associated with numerous monitoring systems, Profit probe,
Rangelands Assessment Plots (RAP), Grass Check, water and biodiversity monitoring.
Everything was monitored in isolation and we have never felt comfortable with any of the
vegetation monitoring system that we or government agencies have been using. I would like
to touch on the ineffectiveness of government intervention through systems like Property
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Vegetation Plans (PVP). The mentality of such programs at this stage of our understanding of
the landscape is, in many cases, detrimental to best practice. We need systems in place that
reward entrepreneurial conservation and production and we need a system in place that can
deliver an auditable and creditable accounting of the results of management practices from a

landholders perspective. The AEMS property planner system that we have developed is
designed to do just this.

During the conceptual discussion with landholders and RIRDC on sustainable wildlife
enterprises (SWE) it was very apparent that we needed to have a monitoring system in place
to clearly indicate changes in natural capital and finances. I will not elaborate too much in my
paper on the detail and complexity of the EMS that we have developed but I would like to say
that the system and database has been developed with the end users in mind. The development
of the data base was done from the kitchen table and the software has been configured to
enable people with minimal computer skills to be able to find their way around the program. It
has not been easy to deliver this product, it is still early days and we need several years of
twigging and data for the system to be said that it is the "bees knees ".

So why do we need to go to so much trouble? Why bother? One might say that all the time
and money spent on the development of the EMS could have been better spent "on ground ".
The answer to this question is that we need a detailed record of actions implemented from a
landholders perspective so that we can repeat them if they work and discontinue them if they
don't work. The ecological processes are so complex that we need science and common
sense, along with systems that assist the collation of data, to allow us to monitor important
landscape functions such as water and nutrient cycle to give a trend of improvement or
decline in natural capita. All this needs to be coupled with a financial overlay. We need the
ecological health of the landscape rising along with the financials, not one heading in a
different direction at the expense of the other.

LESSONS FROM OTHER LANDS
Several years ago a number of landholders from the Murray Darling region toured the Karoo
district of South Africa. This tour was undertaken basically to see what difference they had
made to the landscape after 50, and in some cases 70 years of implementing different forms of
planned grazing (cell or rotational grazing to some). The observations were very positive and

the improvement in production and biodiversity was clearly demonstrated by the South
African landholders through photo points and their improved financial position. Although the

planned grazing had contributed to the increase in natural capital, the South African
landholders were quick in pointing out the importance their wildlife played to landscape
health, income, capital and social values. This point was taken on board by our little group of
Aussie's and after much deliberation we are now positioning ourselves through the Murray
Darling Rangeland Conservancy (MDRC), a group of like minded landholders, to trial
reintroductions of our endemic wildlife species and using the EMS for checks and balances to
give an index of change. Some of these changes may be very subtle to begin with but we must
act on trends that show up and take appropriate management decisions

THE FUTURE
Where is all this leading us as land managers? Can we do this in a cost effective manner?
How much difference to the natural capital are these management changes going to make?
All these questions can only be answered if we have some baseline information to show
where we started from, management implemented and systems that can listen to landscape
trends. This is not easy, but it is not impossible and needs to be done. Let's look at a number
of questions.
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Where is all this leading us as land managers?
It

is giving us control of our business with indicators that will show whether we are

sustainable or not long term.

Can we do this in a cost effective manner?
It is not cheap introducing planned grazing systems and endemic wildlife species to create
improvement in soil health and natural capital. Initiatives such as carbon and biodiversity
credits, where landholders are encouraged and rewarded for looking after the landscape on a
long term basis, may provide some income help to initiate projects. The EMS that we are
putting in place addresses these issues head on but it is not going to be recognized or effective
unless there is enough interaction between the developers of these systems, governments and
industry. I hope that we are able to kindle some enthusiasm and collaboration to take these
concepts to where they are included in everyday industry, government and farm management.

How much difference to the natural capital are these management changes going to
make?

This is the $ 64 question. Let's not kid ourselves; these changes are not going to happen
overnight. Can we afford not to try? No we can't; ecoside is not a pretty thought, and we have
to put systems in place that can react to trends and be long term. So what do I mean by long
term? Management principles that are established long enough to demonstrate a clear
negative or positive trend. Twenty to thirty years maybe. This is made even more difficult
when a property changes ownership, but it is through an EMS program that we will be able
effect a continuity of management.

The MDRC with the support from RIRDC recognises the important role native wildlife play
in the ecological state of our landscape. Their demise contributed greatly to the loss of natural
capital; some say up to 30% was lost once the small endemic mammals were removed and
unable to provide their ecological service to the landscape. It should be noted here that the
conservancy, while having a strong focus on the role that wildlife play in the repair of the

landscape, is also very focused on managing grazing, rabbits, kangaroos etc while also
retaining productive enterprises.

Who have we involved?
We at Moorna and on the other properties involved in the conservancy feel that we need to
build strong partnerships and friendships to share the immense responsibility and cost to
manage and monitor the changes required to implement fair and just landscape repair.

The conservancy with support from RIRDC has appointed Greg Martin to coordinate a
program to trial the release of endemic species back to our properties. It is Greg's charter to
not only successfully establish these little critters in suitable numbers to demonstrate their
worth, but to do it in a cost effective way that is within the reach of every landholder and to
document the process so that we can learn from our errors or successes. He will also be
overseeing developing a creditable and auditable concept of valuing eco- services that produce

tangible and measurable improvement to our landscape, rivers and wetlands. The Moorna
management team have, over the past 15 years, initiated planned grazing and management

practices to enhance the habitat and have laid 1500 fox baits annually for 16 years in
preparation for the eventual release of endemic species.

Many of you will know George Wilson and his background in managing landscapes and
animals from the Scottish Highlands to the semi -arid Rangelands of Australia. George
Wilson's tenacity, courage, foresight and tolerance has been the driver behind the
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development of the EMS and given us the prospect of returning wildlife to our landscape. I
am sure George must have take on Sir Winston Churchill famous lines of " Never give up,
Never Give up, Never give up ".. His skills in managing people, getting a team together to
achieve the almost impossible are second to none. With George coordinating and RIRDC
helping with some financial assistance we are well on the way of implementing management
practices that are building our soil health and returning our valuable perennial grasses.

CONCLUSION

As I stated before ecocide is not a pretty thought but a reality if we as landholders,
governments and scientist don't pull together to utilize the magnificent tools that have become
available over the past ten years.. So many times landholders are left out of the loop and only
half the story is told. The environmental management system that is being developed around
our landscape repair is designed to keep everyone in the loop. I am reminded of another of Sir
Winston's Churchill's prose "IF YOU DON'T TAKE CHANGE BY THE HAND IT WILL
TAKE YOU BY THE THROAT"
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RECOVERY OF THREATENED FLORA IN THE RANGELANDS
J. Walton

Rangelands Biodiversty Support officer, Greening Australia. South Australia (GASA)
Email: rangelands @greeningsa.org.au

INTRODUCTION

The South Australian Rangelands Region has a total of 38 vascular plants which are
considered to be nationally threatened, 3 nationally threatened ecological communities and 19
state provisionally listed threatened ecological communities. The following processes have
been identified as greatly influencing the very existence of these species and communities:
changes in habitat through excessive historic and current total grazing pressure, weed invasion

and changed burning regimes. Climate Change is also likely to influence the longevity of
these species. For most of the threatened species and ecological communities within the
rangelands region, there is an urgent need to gain a better understanding of their ecology,
biology, and the threats impacting on their survival in order to target unground recovery
actions to ensure their conservation.

PROJECT AIMS AND ACTIVITIES
The Recovery Of Threatened Flora & Threatened Ecological Communities /Biodiversity
Support In The Rangelands project will enable the prioritisation of species and ecological
communities and recommend the targeting of on ground recovery efforts and investment to
those species and communities that are:
Most at risk

Where populations in SA represent a significant part of the national population or
ecological community
Where investment in threat mitigation is most likely to result in successful recovery of the
species or community
Where synergies with other integrated NRM projects can be achieved

Dr.Frank Badman, who has long association working and living in the rangelands, has been
contracted by the South Australian Department of Environment and Heritage to review all the
flora records held in the Adelaide Herbarium Database, the South Australian Biosurvey
Database and the Pastoral Database to identify the top 50 species (Table 1) which fit into the
above mentioned category. Threatened Plant Species Information Sheets (SPRATS) have
been created for these top 50 species and now a full time project officer has been assigned to
undertake the fieldwork necessary to complete SPRAT information and to deliver the
community capacity component of the project.
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Table 1: Rangelands Top 50 threatened flora species as identified by Dr. Frank Badman
Acacia araneosa
Embadium johnstonii
Melaleuca oxyphylla
Acacia barattensis
Embadium stagnense
Muehlenbeckia
Acacia confluens
Acacia gracilifolia
Acacia menzelii
Acacia quornensis

Eremophila pentaptera
Eucalyptus goniocalyx ss P.
exposa
Eucalyptus percostata
Frankenia plicata

Acacia spooneri
Acacia toondulya
Althaea australis
Anthocercis angustifolia
Asperula syrticola
Atriplex eichleri
Brachyscome muelleri

Frankenia subteres
Goodenia lobata
Gratwickia monochaeta
Gunniopsis kochii
Haeckeria cassiniiformis
Haeckeria punctulata
Hibbertia crispula

Calandrinia sphaerophylla
Daviesia stricta
Derwentia decorosa

Lepidosperma avium
Leptorhynchos
melanocarpus
Logania saxatilis

Dodonaea subglandulifera

Malacocera gracilis

coccoloboides
Nicotiana burbidgei
Nicotiana truncata
Ozothamnus scaber
Ptilotus "Cordillo
Downs"(B.Lay 1487)
Ptilotus barkeri
Senecio gypsicola
Swainsona dictyocarpa
Swainsona fuscoviridis
Swainsona tephrotricha
Swainsona vestita
Teucrium grandiusculum
ssp. pilosum
Veronica pamkalliana*
Wurmbea stellata

Zygophyllum hybridum

Whilst the scientific research is integral to the success of this project, the vast landscape of the
rangelands ensures that effective communication between all stakeholders is also fundamental
to the long term management and survival of individual species and communities. Some of

the activities conducted to promote effective stakeholder participation included plant
identification workshops and a plant vouchering workshop whereby attendees were
enthusiastically encouraged to collect and process flora specimens according to the Adelaide
Herbarium plant vouchering protocols. Also property visits have been well received with
many questions asked about species decline and invasive species.

OUTPUTS AND PRODUCTS
The Recovery Of Threatened Flora & Threatened Ecological Communities /Biodiversity
Support In The Rangelands project isn't just another recovery project! This project is vital to

the conservation of biodiversity in the rangelands of South Australia. This project will
encourage continued land manager support to ensure the longevity of threatened species
management in the rangelands through the provision of property specific information sheets
that will be collated and distributed to pastoral lessees. Information will include paddock
plans with records of Threatened Flora and Fauna, photos, habitat description, monitoring
requirements (eg flowering, seeding, threats etc), risks and threatening processes. Rangelands
flora KeeP An EyE OuT!
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GEIJERA PARVIFLORA LINDL. (RUTACEAE) FACILITATES UNDERSTOREY
SPECIES IN SEMI -ARID AUSTRALIA: THE IMPORTANCE OF SHADE
A.D. Warnoce2, M.E. Westbrookel and S.K. Florentine'
1Centre for Environmental Management, School of Science and Engineering, University of
Ballarat, PO Box 663, Victoria 3350, Australia. Tel: +61 3 5327 9346, Fax: +61 3 5327 9240
2Corresponding author. Email: a.warnock @ballarat.edu.au

ABSTRACT
It is, often found in harsh environments that trees can be beneficial to understorey species but
little is known about this positive relationship. This study examined; whether zones of

vegetation composition were associated with Geijera parviflora; and the importance of
shading in facilitating understorey growth. Species abundance was measured under five
randomly selected mature G. parviflora trees in south -western New South Wales, Australia.
Artificial shade plots were constructed in a canopy free area to compliment the findings. The
microhabitat created by the canopy of G. parviflora generates spatial heterogeneity over the
broader plant community. It improves the establishment and survival of many understorey
species and increases species diversity. Shading appears to be a key influence on the plant

communities under the canopy. This emphasizes the importance of arid zone trees in
conserving both over and understorey plant diversity.

INTRODUCTION
Plant community composition under tree canopies often differs to that of surrounding
environments (Hastwell, 2001). While grass and herb biomass can be enhanced by the
removal of trees in some areas through reduced competition, it is often found in harsh
environments, such as arid environments that plant interactions can be positive (Hastwell,
2001).

Overstorey species can directly facilitate understorey species by releasing stimulatory
allelochemicals, altering precipitation distribution under their canopy, soil bulk density, soil

moisture, soil oxygen, soil and surface temperature, available light, and soil nutrients
(Callaway, 1994). Indirect facilitation also plays a vital role through: protection from
herbivores; increased microbial activity; creating heterogeneous seed banks; overstorey
induced disturbance patterns; attracting pollinators or through interconnected webs of
competitors (Anderson et al., 2001).

The plant species associated with Geijera parviflora Lindl. (Wilga) in south - western New

South Wales Australia, were investigated to determine whether zones of vegetation
composition occur around the tree. The effect of artificial shading on species in a canopy free
area was also investigated to understand how shading influences plant growth in isolation
from other factors.

METHODS
Spatial heterogeneity of plant communities
The study site was located within a 1 ha vertebrate herbivore exclosure plot on Tarawi Nature
Reserve, south - western New South Wales, Australia (S33 °25'21 ", E141 °15'55 "). This
exclosure plot was located within Casuarina pauper (Belah) woodland with scattered G.
parviflora growing to a maximum height of 5.00m and a maximum canopy radius of 4.10m.
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Species abundance was measured under five randomly selected isolated G. parviflora trees
from the following locations in the four cardinal directions: i) beside the tree bole, ii) mid canopy and iii) 3m from the canopy edge. Sampling was conducted in autumn and spring.

Artificial shade
On the 1St February 2005, ten 90 %, 50% and 0% light exclusion shade plots were constructed

in a canopy free area of similar soil type on Nanya Research Station (S33 °12'08 ",
E141°17'04"), 20km north of the exclusion plot. Species density was recorded for all vascular
plant species within a 1m2 quadrat placed centrally in the exclosure plots after seven months
of the shade construction.

Statistical analysis
Univariate data were analysed using a one -way ANOVA followed by Tukey's Pairwise
comparison using Minitab 14.11. Multivariate data were analysed using canonical analysis of
principal coordinates (CAP; Anderson and Willis, 2003) using the vegan package in the R
statistics package (version 2.1.1). The Bonferroni (1936) adjustment was performed for
multiple comparisons. Taxa significantly correlated with the model were identified by
applying an envfit method from the vegan package to the abundance data.

RESULTS
Spatial heterogeneity of plant communities
Spatial heterogeneity of plant communities was more
noticeable in spring, possibly a result of the preceding rainfall,
having a significant effect on the abundance of 47% of species
(F =9.22, p <0.05, n =18, Fig. 1). The CAP model suggested that
two zones of vegetation exist in relationship to G. parviflora: i)
a species rich community beneath the canopy and ii) a species
poor community beyond the canopy dominated by Dissocarpus

<<

paradoxus (Cannonball) throughout the year with Crassula
colorata (Dense Crassula) appearing after rainfall.

Artificial shade
Shading significantly increasing species richness for both 50%
(p <0.05/3) and 90% (p <0.0513) shading treatments, however
no significant difference (p >0.0513) was found between the two
treatments (Fig. 2).

The CAP model suggests that the abundance of the following
species are increased by shade: Brachyscome lineariloba (Hard

Head Daisy), C. colorata, Calotis hispidula (Bogan Flea),
Daucus glochidiatus (Native Carrot), Medicago minima (Burr
Medic) and Scleranthus minusculus (Cushion Knawel).

Figure 1: CAP plots of
species abundance in i)
autumn and ii) spring
from the tree bole (o),

DISCUSION
Spatial heterogeneity of plant communities
mid -canopy (Ls) and
The results support the hypothesis that G. parviflora creates
3m from the canopy
spatial heterogeneity over the broader plant community. Two
edge ( +)
zones of vegetation existing in relation to the tree canopy. The
first being under the canopy with high species diversity and the second being beyond the
canopy dominated by D. paradoxus throughout the year with C. colorata appearing after
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rainfall. This indicates that these species are either negatively effected by the overstorey or are
displaced by more competitive species. The thick leaf litter under the canopy may also inhibit
the germination of these species, exhausting the seed embryo reserves before the hypocotyl

reaches light and reducing light required for germination of
some species (Peterson and Facelli, 1992).

Lower species richness may be found beyond tree canopies as
this zone is low in soil nutrients and has high evaporation and
evapotranspiration rates (Hastwell, 2001). Many species are
unable to cope with these conditions, whereas some such as C.

pseudevax and D. paradoxus have adapted to these harsh
conditions. The reduced surface area of C. pseudevax and
moisture storing leaves of D. paradoxus aid in the reduction

of water loss (Pugnaire and Lázaro, 2000). Other more
mesophytic plants such as Parietaria cardiostegia (Mallee
Pellitory) are only found in the microclimate created by the
tree, being less adapted to harsh environments.

Increased abundance of some species under the tree canopy

Figure 2: CAP plot of
species abundance
from 0 (o), 50 (A) and
90% ( +) shade
exclusion plots

may also be explained by an increased soil seed bank
(Warnock, 2005), seed dispersing fauna often spending much of the day in the shade of trees
or perched ,in the canopy (Shaukat and Siddiqui, 2004). Therefore, seeds are more likely to be

dispersed in such areas, particularly species with fleshy fruits such as E. tomentosa var.
tomentosa. Wind may also blow wind dispersed seeds such as M. pentatropis along the bare
ground in canopy free areas eventually being caught in the litter underneath a tree canopy.

High rainfall was recorded preceding the spring sampling period when evapotranspiration is
low compared to autumn where less rainfall was recorded and evaporation is typically higher
(Anderson and Willis 2001; Warnock, 2005). These seasonal differences were correlated with
the composition of the understorey plant community.

Artificial shade
The increased abundance of B. lineariloba, C. colorata, C. hispidula, D. glochidiatus, M.
minima and S. minusculus under the 90% shading treatment supports the concept that shading
is an important factor in the growth and survival of understorey species. The shade allows
more mesophytic species to colonise, increasing species richness and abundance under tree
canopies. It is not known however how long species will survive in the microclimate created
by shade and they may die off in drier months. This seasonal variability was also found under
the tree canopies where in earlier drier months few species were present despite the effect of
shading.

CONCLUSIONS
The microhabitat created by the canopy of G. parviflora generates spatial heterogeneity over
the broader plant community. Species with a poor drought tolerance are able to establish
under the tree canopy after a precipitation event which retains soil moisture, shades and
increases leaf litter cover thus reducing evaporation and evapotranspiration (Hastwell, 2001).
This emphasizes the importance of arid zone trees in conserving both over and understorey
plant diversity.
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ABSTRACT

For the first time, a region wide assessment of change across the southern shrublands of
Western Australia is reported, using information from the Western Australian Rangeland
Monitoring System (WARMS).

Shrub and tree density, canopy area and species richness increased on the majority of sites.
The results were similar when considered at a species level, with most shrub and tree species
showing an increase in density, total canopy area and the number of sites on which they were
found. Recruitment of new individuals to the population was commonplace on virtually all
sites and for virtually all species.

This generally good news should be tempered by the understanding that acute degradation
processes may still be occurring, especially within and surrounding drainage lines, which are
away from where the WARMS sites are typically located.
Grazing was implicated in the decline in density on some sites, particularly those which had

experienced below average seasonal conditions. On these sites, decreaser species were
particularly affected.

INTRODUCTION
WARMS provides an indication of change in pastoral rangelands at a broad scale using a set
of representative point -based sites on which attributes of soil surface and perennial vegetation
dynamics are recorded (Watson and Novelly 2004). WARMS is based on the belief that
perennial vegetation is a good indicator of rangeland health or condition.
In Western Australia, rangeland monitoring, has been underway, in one form or another, since

the 1970s. However, this is the first time we have been able to report region -wide, from
(almost) all sites in the southern shrublands, stretching from north -west cape through to the
Nullarbor. Vegetation data are presented for 964 of 996 shrubland sites.

METHODS
At the regional scale, WARMS sites were stratified on vegetation type. The number of sites
allocated to each vegetation type was based on the areal extent of that vegetation type, its

fragility and its productivity for pastoral purposes. Fragile, productive areas (such as
chenopod shrublands) were assigned proportionally more sites than robust, unproductive
areas (such as Acacia sandplain shrublands). At the local scale, sites were typically located
within grazing distance of water and were designed to reflect both the range of vegetation
states and the most common state in that area.
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Recruitment, mortality and canopy size change of all shrubs and trees was assessed on 964

sites on 320 leases. Almost all sites were first assessed between December 1993 and
November 1999 and re- assessed between July 1999 and November 2005. The average interval

between assessments was 5 years and 2 months. Analysis was based on comparing a
particular attribute at first assessment (date 1) with the same attribute at reassessment (date 2).

For results given by species, the data was first filtered to ensure sufficient numbers of
individuals (at least 20) or populations (at least 5) were available to make meaningful
comparisons.

Causal factors were inferred after categorising the seasonal conditions experienced between
assessments. Grazing is likely to be a causal factor where a decline is observed despite good
seasons, sites decline while other sites in the region do not, or where decreaser species decline

but other less palatable species (increasers) do not. For much of the region, seasonal
conditions were very good from the mid 1990s to early 2000, followed by a sequence of dry
years.

RESULTS
By site
The density of shrubs increased on almost 70% of sites (Figure l a) by an average of 26 %. On
only 2.5% of sites did the density decline to less than half. Canopy size (a surrogate of cover)
increased on 78% of sites (Figure lc) by an average of 38 %. On only 1.6% of sites did the
shrub cover decline to less than half Species richness (of shrubs and trees) remained the same
or increased on 80% of sites (Figure 1 e). Recruitment of new individuals, regardless of
species, was found on 99% of sites.
By species
The total number of individuals increased for 133 of 154 species (Figure lb). There were two
species in which the population declined by more than half, neither of which were species
known to decrease due to grazing. The average canopy area per plant increased for 70% of
species (Figure 1d). For some species, such as Acacia papyrocarpa and A. sclerosperma, the
decline in average canopy size was due to the large number of (small) recruits entering the
population. Most species (81 %) were found on the same number of sites or more sites at date

2 compared with date 1 (Figure 1f). There was at least one recruit recorded for 98% of
species. Recall that these species results were filtered to only include those species where
there were sufficient numbers (at least 20 at either first or second assessment) in order to
provide meaningful population level results.

Season vs. grazing
Seasonal conditions had an impact on shrub and tree dynamics (Table 1). Under above
average seasonal conditions, 76% of sites showed increased density of 5% or more. Under
average and below average seasonal conditions only 45% and 34% respectively showed the
same increase. Under above average seasonal conditions the increased density was similar for
decreaser, intermediate and increaser species, suggesting no grazing impact. However, for
those sites which experienced average or below average seasonal conditions, decreaser
species declined more than intermediate or increaser species. This suggests that grazing had
an adverse impact on these sites, over and above the impact of seasonal conditions.
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Figure 1: Summary of changes by site (left hand side) and by species (right hand side).
The diagonal lines represent no change between date 1 and date 2. Bubble plots are used
in (e) and (f) because more than one data point had the same x -y coordinate. Several
outliers have been removed to allow the majority of the data to be presented on
appropriate scales
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Table 1: Change in shrub and tree density from one assessment to the next. Percentage
of sites in each seasonal quality category showing decline, no change or increase
Seasonal
Quality

Above
average

Average

Below
average

Species group

All
Decreaser
Intermediate
Increaser
All
Decreaser
Intermediate
Increaser

All
Decreaser
Intermediate
Increaser

Decline.
Density < 95%

No change.
Density between
95% and 105%

11
13

13
12

17
10

31

Increase.
Density >=105%

Number of sites

16
17

76
75
68
73

453
402
393
256

24
23
30
35

45
43
43
51

395
316
311
191

47
54
47

18
12

25

33

34
34
31
42

116
82
81
57

34
27
14

22

DISCUSSION
The species composition and abundance of shrubs and trees is used in the arid shrublands of
Western Australia to reflect range health or condition. In general, an increase in this woody
vegetation is regarded as favourable, although some species are regarded as woody weeds.
Shrub and tree density, canopy area, richness and occurrence increased on the majority of
sites and for the majority of species. Recruitment was commonplace.

These generally favourable results from WARMS across the southern shrublands need to be
understood within the context of site location. WARMS sites are located on the largest grazed
areas of the required vegetation type within each paddock. These tend to be relatively intact

areas away from drainage lines. Acute degradation may still be occurring elsewhere,
especially in the form of catchment canalisation and desiccation (Pringle et al. in press). The
apparent contradiction can best be understood in terms of models that consider change from
the site to catchment scale (Coleman 2005).
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ABSTRACT

Thirty -one producers from western Queensland trialled and evaluated an Environmental
Management System (EMS) that was customised for the pastoral industry. This evaluation
was conducted using three questionnaires that sought to obtain producer feedback on the EMS

process and whether it influenced their management practices. Most producers found their
motivation to improve environmental management increased. However, at this early stage,
EMS had little influence over their adoption of best management practice and it has not given
them a market benefit. Presently, the merits of EMS are tenuous and thus more incentives are
needed for continued development and implementation.
INTRODUCTION
The impact of agriculture on the natural environment in Australia and overseas is being
increasingly scrutinised by regulators, non -government lobby groups, the general community
and markets. For this reason, EMS has been promoted to primary producers as a mechanism
to achieve and demonstrate responsible use of natural resources. EMS is known as a process
standard because it specifies a 17 -step process that an organisation uses to_ reduce its
environmental impact, rather than setting performance targets that must be met. EMS has
been trialled across a range of industries and regions as part of the EMS National Pilot

Program funded by the Natural Heritage Trust through the Australian Government
Department of Agriculture, Fisheries and Forestry (DAFF). The Pastoral EMS project is one
of 15 pilot projects funded under this program.
Over a period of 18 months, western Queensland pastoral producers volunteered their time to
trial the "Pastoral EMS" (Pahl et al. 2006). The Pastoral EMS, developed by the pilot project

team, is a customised and simplified EMS consisting of seven elements: environmental
policy, risk assessment, objectives and targets, action plans, implementation, monitoring and
management review. This paper reports the main findings of a formal benefit -cost evaluation
of the development and implementation of the Pastoral EMS by producers in the western
Queensland rangelands.

METHOD
EMS was evaluated using three questionnaires, one developed by the pilot project team and
the other two by URS (an environmental and engineering consultancy firm that managed the
EMS National Pilot Program on behalf of DAFF). All three questionnaires contained open ended and closed questions.

Pilot project questionnaire
The pilot project questionnaire sought to identify factors that had influenced producer
progress with EMS development and implementation, and those that would encourage
ongoing use after the project ended.
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URS questionnaires
The first URS questionnaire was completed at the start of the project to capture detail on
environmental planning and monitoring being conducted by producers. The second URS
questionnaire covered this, as well as: producers' current and long -term thoughts and
expectations about the issues addressed by EMS; priority and target aspects of management, if
EMS had changed their rate of adoption of best management practice and their intentions to
continue using EMS into the future.

Completion of questionnaires
The initial URS questionnaire was completed by 39 producers during mid 2004, either one on -one or in groups with project staff. The second URS questionnaire and pilot project
questionnaire were conducted one -on -one with individual producers from 31 properties
during December 2005 to February 2006.

RESULTS
The results outlined below include the outcomes producers have achieved with EMS, the
factors that influenced their progress and future use of EMS.

What outcomes has EMS achieved?
After 18 months of EMS implementation, 87% of producers thought EMS had `motivated
them to improve their environmental management', and 77% thought EMS had `strengthened
their ability to address environmental issues'.
As a result of EMS implementation, producers with a formal documented environmental plan
(i.e. the Pastoral EMS) increased from 23% to 74 %, and the number of producers monitoring
pasture, weeds and vegetation regrowth and encroachment also increased.

In contrast to this, 67% of producers claimed that EMS had little influence on their adoption
of industry best management practices (BMP). Reasons for this included they were already
using BMP; they needed to increase their understanding of BMP before adoption; and drought
was hindering their adoption of new practices.

Similarly, producers thought EMS implementation had not influenced their target levels of
management over the next five years for significant issues such as livestock husbandry and
productivity, financial and whole farm planning, and drought. Few producers thought EMS
had made them more aware of an issue; instead they thought it reinforced their current views.
At the end of this pilot project, 70% of producers believed EMS had not provided them with
marketing benefits.

Factors that influenced producers progress with EMS
When provided with a list of factors that potentially affected their progress with EMS
development and implementation, 90% of producers thought assistance from project staff had
the greatest positive influence on their progress, followed by the meeting schedule at 61 %.
Sixty -eight per cent of producers rated drought as the factor which had the greatest negative
influence on EMS progress, followed by 52% of producers who noted a lack of time. Access
to funding for on- ground works and cost of implementation were rated as having low to no
influence on EMS progress by 52% and 55% of producers respectively.
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Future EMS use
Will producers continue using EMS?

Eighty -seven percent of producers claimed they will continue using EMS to manage their

property. The four main reasons given for continuing were, the potential benefits of
documentation (35% of producers), to improve their management (32 %), for potential
marketing or other financial rewards (16 %), and the structure the EMS process provided
(13 %).

Factors that would encourage producers to further develop and implement EMS
When presented with a list of factors that could potentially encourage further development

and implementation of EMS, the most popular factor, chosen by 90% of producers, was a

financial incentive. This was followed by 84% choosing marketing benefits and 77%
choosing continued assistance.
Identified future benefits

Future benefits of EMS identified by 87% of producers were that it would assist them to
`demonstrate that they are managing sustainably' and 84% thought it would `strengthen their

ability to address environmental issues'. However, they are less confident, 67% of
respondents, EMS would assist them to `maintain access to their natural resources'.

DISCUSSION
Considering the relatively short period of time EMS has been implemented by producers in
western Queensland, there are some strong preliminary points for discussion. The discussion
below looks at the impact EMS had on the uptake of BMP and environmental monitoring, the
factors that have influenced EMS development and implementation and future use of EMS.

Impact of EMS

According to the ISO 14001 standard, EMS should encourage a business to consider
implementation of the best available techniques where economically viable (Standards
Australia 1996). In western Queensland, best practice information for various aspects of
property management is only now becoming more readily available with producer awareness
increasing. Therefore, it is not surprising that during EMS implementation, producer uptake
of BMP has been low.

Environmental monitoring is not something that producers have traditionally conducted, and
while they notice changes, formal monitoring has generally been a low priority. After 18
months of EMS implementation, the Pastoral EMS seems to have increased monitoring by

producers as well as recording of this information. However, formal monitoring of
environmental issues is still not common amongst the producers that are implementing EMS,
and is an area that could be improved.

Factors influencing EMS development and implementation
The training and assistance provided by pilot project staff was the major factor in encouraging
producers to develop their EMS. However, the ongoing drought created conditions that were

not favourable for the introduction and development of EMS, and producers were mainly
concerned with the survival of their business and stock, having little time for other activities.
Thomson (2004) also reported that producers would lose motivation and interest for EMS,
during busy and/or stressful periods such as drought. Whilst producers reported internal
business benefits, such as documentation, these were overshadowed by perceived barriers
namely, time and effort.
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Continued use of EMS in the western Queensland pastoral industry

Whilst producers claim they will continue using EMS, the majority are not actively
developing or implementing their EMS, except when visited by pilot project staff. However,
these producers still regard themselves as having and using EMS, even though most have

little intention of building on this or reviewing it in the future. They seem to think that
because they have written plans their EMS is complete, and do not recognise that EMS is an

on -going continuous improvement process. A number of producers also failed to fully
implement their action plans. Likewise, Rivers et al. (2005) found that of those that developed

plans, less than one -third were actively implementing them. Producers prefer to conduct
planning in their heads and then adjust as events unfold.

Without external recognition and/or some type of fmancial incentives from markets,
government or industry, it is unlikely that many producers will make the effort to develop,
document or maintain their EMS. Even with these incentives, it is likely that producers will
need some form of assistance, such as a structured training program, to prompt and guide their
development and implementation of EMS.
CONCLUSION
The evaluation of EMS in the western Queensland pastoral industry showed that whilst
producers have seen benefit in developing an EMS, the costs far outweighed these. Market
benefits and financial incentives were nominated by producers as reasons why they would
continue with EMS, but neither of these will be available in the foreseeable future. At this

stage, the application and continued use of EMS seems limited to the small number of
motivated producers who see the internal business benefits of continually documenting and
reviewing their management.
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ABSTRACT
Abundant literature links provision of artificial water points in pastoral areas to negative
environmental effects, including increased grazing pressure, prevention of regeneration and

promotion of exotic plants and animals. Recent reports identify a knowledge gap in the
relationship between water points and biodiversity. Despite incentives pastoralists are
resistant to strategic water point closure and, where this has occurred, there is little data on
biodiversity outcomes. A research project on Nanya Station in western NSW is monitoring
the effects of total -closure, partial- closure and exclusion fencing of ground tanks on native
and exotic plants and animals, including opportunists utilizing the resource.

INTRODUCTION

Water is a key limiting factor in arid environments and, prior to European settlement,
Australian arid zones had few permanent water points (James et al. 1995). There is abundant
literature to suggest that provision of artificial water through bores, dams and ground tanks in
pastoral areas has had negative environmental effects (Landsberg et al. 1997). Currently there

are few areas left that are distant from water. This problem exists in arid and semi -arid
environments worldwide (e.g Thrash 1998, Noy -Meir 1996).

Some supposed impacts of watering points in the Australian rangelands include:
Contributing to elevated macropod populations (James et al. 1995)
High populations of exotic grazers including goats and rabbits (James et al. 1995)
Redistribution of nutrients through deposition of dung (Lange & Willcocks 1978)

Allowing establishment and spread of exotic plant species (Westbrooke 1990) and
unpalatable native plant species such as Nitraria (Cunningham et al. 1981)
Prevention of regeneration of native perennial plant species (Westbrooke 2005)
Increased numbers of opportunistic water -dependent species (Draper et al. 2004) and use
of ground tanks as `stepping stones' for migration of birds.
Indirect impacts on wildlife through providing a focus for activity of exotic predators
(Owen -Smith 1996)

Interaction between animal and plant effects such as the impact of changes in
populations of insectivorous bird species on canopy -dwelling insects and consequent
increase in health of the trees in the area (Landsberg et al. 1990, Grey et al. 1997).
There is a need to address this problem at a landscape scale. In western NSW and adjacent
areas of South Australia, a major means of water provision is through ground tanks or dams
storing diverted run -off following major rainfall events. There is widespread agreement that,

for better control of feral grazers and improved grazing management in areas where
biodiversity is a primary or secondary objective, closure of earth tanks or greater control of
water distribution is a key management strategy. Despite the incentives available for
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improving biodiversity outcomes on pastoral lands, there is reluctance among landholders to

utilize these strategies (Hayward LMDCMA pers. comm.) and as a result, there are few
opportunities to study in detail the responses of plant and animal populations to such closure.

Past studies have not carried out experimental manipulation at the landscape scale to
demonstrate the long -term impacts of tank closure on arid -zone biodiversity. Also, the usual
procedure is to block inlet drains, which still leaves a depression to hold water following high
rainfall. In this project the strategy of re- landscaping the site to its original profile to mitigate
this problem is also being trialed.

Research is proposed to investigate the impacts of modification of ground tanks on
biodiversity through three different treatments: 1. Fencing to exclude mammalian grazers, 2.
Partial tank closure (i.e., blocking drains and breaching walls), 3. Complete tank closure and
(i.e., returning site to original landscape profile). Each of these treatments will be carried out
on four tanks with a further four tanks without treatment will be used as controls. Research
will investigate the impacts of these treatments on a wide range of plant and animal groups.

METHODS
The core of the research project will be carried out on Nanya Station, a 30,000 ha property,
150 km northwest of Wentworth in south western New South Wales where the dominant
vegetation comprises eucalypt open -scrub (mallee) (Westbrooke et al. 1998). Until 2004,
Nanya Station was managed as a pastoral lease, but its purchase by the University of Ballarat
for teaching, research and conservation now allows the proposed manipulation. There are
currently 22 ground tanks on the property, and, of these, twelve tanks will be used in the
research: four will be fenced to exclude all large grazing animals, four will be partially closed

by blocking drains and creating breaks in the banks, and the remaining four will be
completely closed with land returned to original form. The remaining of the tanks on the
property are being closed or fenced. Tanks have been selected with maximum distance
between treatments and, similarity in size and surrounding vegetation type.

At each tank four zones have been defined: Zone 1 - area within tank wall, Zone 2 - area of
high impact between tank wall and tree -line, Zone 3 - area from tree -line to 1km distance,
Zone 4 - area 1 - 2km. from tree -line. Assessments will be undertaken in each of these zones
at sites along radii from the tank.
At all sites, the following assessments will be undertaken at distances from the tank both prior
to and at six monthly intervals following treatment:

Large grazing mammals will be assessed through faecal accumulation plots. Plots will consist
of a 5.64m diameter circle cleared of faeces. Plots will be checked for faeces accumulated
during each assessment, and the number of faecal groups for each species will be identified,
following the technique of Neff (1968).

Reptiles and small mammals will be assessed via lines of pitfall traps and drift- lines,
established within each zone. All fox scats will be collected and analysed for hair and bone
content.

Birds will be assessed via point survey counts at morning and evening, following Harrington
(2002). Species and abundance will be assessed once each in morning and evening at zone
within each site. At these points 20 minute stationary counts will also be made as these have
been shown to be an efficient sampling technique.
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Bats will be assessed using Anabat detectors placed at points within each zone to obtain
relative activity levels of the species presence.

Ants will be collected in pitfall traps set up in arrays at each sampling site and identified to
species. Species diversity and abundance will be determined to assess changes in species
composition in relation to functional groups present at differing distances from water.

Vegetation will be sampled along tangential transects within each zone. The following
vegetation parameters will be collected: the line intercept of all ground species along with
litter and bare ground will be recorded along transect lines within each quadrat. Based on the
centre of each quadrat, the point- centred quarter technique will be used to determine the
occurrence and density of tree and shrub species. Permanent photo points will be established

for each transect. Vegetation condition assessment will be assessed, based on methods
developed for woodland condition assessment in northwest Victoria (Westbrooke et al. 2001,
Gowans et al. 2005).

Landscape function analysis will be conducted using the techniques developed by (Tongway
& Hindley, 1995).

Climatic variables will be assessed by automatic weather stations established at each water
point since rainfall in the area is highly variable both temporarily and spatially.
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ABSTRACT
As well as ensuring the continuation of profitable animal production, the focus of grazing

management systems is turning towards ongoing, sustainable use of native pastures and
maintenance or improvement of biodiversity in the tropical savannas of the VRD. The Pigeon

Hole Project is investigating three alternative grazing management systems with potential
benefits for the region and comparing them with the current widespread management system.
A comprehensive array of data is being collected to inform the development of a grazing
management system suited to the district.

INTRODUCTION
Victoria River Downs Station, the largest property in the Victoria River District (VRD) of the
Northern Territory, was developed as a pastoral property in the mid 1880s, with 20,000 cattle
overlanded from Queensland around 1882 and almost 1,000 breeding ewes delivered via Port
Darwin in 1891 (Makin 1992). Since this time, the local pastoral industry has had a
chequered history having been moulded by the harsh and variable climate, uncertain markets
and variable prices (Ash and Stafford Smith 2003). The industry is characterised by low
input, low output enterprises facing an increasing cost /price squeeze and community demands
for enhanced environmental and social sustainability.

Set stocked, continuous grazing has been the traditional form of grazing management on
pastoral enterprises in the VRD. Under this management system, pasture utilisation levels
have only averaged around 10% of annual forage production, with some pasture degradation
evident. Long -term grazing trials from experimental paddocks at the adjacent Mt Sanford
Station have indicated that utilisation levels in excess of 20% are environmentally sustainable
and provide enhanced animal production through more even grazing distribution and better
overall utilisation of the landscape.

Grazing management systems other than set stocking have been investigated extensively in
other regions and countries and have, at times, demonstrated various benefits. For example,
wet season spelling, with overall utilisation levels of 35 %, is currently recommended for
northern Queensland, providing benefits of increased utilisation rates and profitability, while
maintaining the dominance of important perennial grasses (Ash et al. 2001). Over the past 10
years cell grazing, in a variety of guises, has been widely touted as having potential benefits
for the Australian rangelands, (for example Earl and Jones 1996). Do these alternative

grazing systems have applicability for the tropical savannas that underpin the pastoral
industry of the VRD?

Three alternative grazing systems are being compared to set stocking at commercial paddock
scales within the Pigeon Hole Project. These are:
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1) Set utilisation, where the stocking rate is adjusted annually to achieve a desired level of
pasture use (20 %) based on the amount of available pasture present at the end of the
growing season;
2) Wet season spelling, a rotational resting system where each paddock receives a period
without grazing for two out of every three wet seasons; and
3) Cell grazing, an infrastructure and labour intensive system that is based on rapid rotations
of livestock through many small paddocks.
Compared to set stocking, the other three grazing systems require greater management input
but have potential benefits including more sustainable use of the pastures, superior animal
production and enhanced commercial viability. As part of this study, these are all being
investigated at appropriate spatial scales to facilitate adoption of outcomes.

METHODS
Within the trial area (319 km2), single or multiple paddocks are managed as different grazing
systems. Data is being collected on pastures, cattle production, commercial viability and
biodiversity values from the: wet season spelling treatment (3 paddocks of 5 km2); cell
grazing treatment (33 km2 divided into 25 paddocks); 20% set utilisation treatment; and set
stocking (both in single paddocks of 21 km2).

Pastures
Pasture assessments are undertaken at around 6,200 sites at the end of the wet (May) and dry
seasons (October). Virtual quadrats, 2 m x 2 m, are arranged on a grid pattern 500 m apart in

an east/west direction and 100 m apart in a north/south direction and are relocated using
global positioning systems (GPS). At each quadrat species composition, yield, defoliation,
basal area of perennial grasses, ground cover, land type, patch type and influence of fire are
recorded.

Cattle production
In line with the industry norm for the VRD, all cattle in the study are mustered twice per year.

Study cattle have electronic identification, which facilitates recording their weight and
ongoing presence in the paddock. The pregnancy status of the study cows is recorded, as well
as their body condition score and the presence of a calf. Calves are tagged, branded, and
processed. Monthly faecal NIRS samples are analysed from every paddock to provide an
ongoing indication of diet.

Commercial viability
Details of infrastructure costs and additional operational costs, including extra labour
requirements have been recorded since the trial commenced.

Biodiversity
Extensive biodiversity surveys are undertaken across the trial site twice per annum and are
reported separately (see Fisher et al. this volume).
DISCUSSION
Numerous reviews of grazing management research have been undertaken over the years and
across different continents e.g. O'Reagain and Turner (1992), Ash and Stafford Smith (1996),
Joseph et al. (2002), etc. Each of the reviews has suggested ways that research methodology
can be improved to make outcomes more useful, for example:
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Ash and Stafford Smith (1996) concluded that, as well as animal growth rates, measurements
of reproduction and deaths have relevance for rangelands pastoral production systems that
involve self -replacement herds. Data should be collected to enable whole enterprise
economic analysis of animal and vegetation management options. These are being measured
as part of this study.

Brown and Allen (1989) suggested that both temporal and spatial scale are important in
observing grazing systems, designing experiments, analysing results and reporting outcomes.
The extrapolation of known plant- animal interactions across scales is questionable and it is
unclear how measures of animal productivity on small trial paddocks relate to large paddocks
(Roshier and Nicol 1998). WallisDeVries et al. (1998) showed that temporal aspects of
grazing behaviour could not simply be scaled up by changing units because processes and
behaviours in the larger scale simply do not occur in the smaller experimental scale. Choice
of the most appropriate temporal scale can be exacerbated in rangelands and savannas where
high variability is customary through all time scales. Moreover, Fuhlendorf and Smeins
(1999) demonstrated that the scale of observations can determine whether grazing appears to
have a positive, negative or no influence on heterogeneity between grazing units. The

perception of spatial heterogeneity is highly scale dependent, greatly influenced by the
resolution of measurements (Laca 2000).

With the Pigeon Hole Project using commercial scale paddocks in which to undertake the
research, a number of diverse spatial and temporal factors, and their respective scale issues,
have been given due consideration e.g. paddock heterogeneity, appropriate data collection,
duration of trials. As recommended by Sanderson et al. (2004), where appropriate, the trial
has moved beyond small -scale experiments to measure animal productivity, behaviour and
plant selection at relevant scales to enable practical grazing management recommendations to
be made.

The main reasons for adopting different grazing management systems are to improve animal

performance and control, or pasture productivity and vegetation condition, with the
importance of biodiversity being acknowledged more recently. However, given that grazing
management is a business enterprise, underlying any change must be a neutral or positive
commercial outcome either in the short or long -term. At the completion of the Pigeon Hole
Project complete data sets will be analysed to identify best -bet, cost -effective grazing systems
suited to this environment and animal production system.
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ABSTRACT

Sustainable grazing management systems need to be both economically viable and
environmentally sustainable. Pasture spelling is now widely recommended, with its timing of
great importance. Three key perennial grasses were investigated to determine their response

to timing of spelling and defoliation rate.

Markedly different responses were obtained

between treatments over one wet season, with Mitchell grass increasing in basal area for some
treatments, bluegrass showing mixed response and wiregrass declining. Investigations of
longer duration will be undertaken to determine consistent results.

INTRODUCTION
Grazing management systems in the Australian rangelands have traditionally involved some
form of set stocking, where stock are left permanently within a paddock and numbers increase
due to successful animal husbandry or additional stock purchases, and decrease due to stock
sales or in response to drought or other severe weather conditions. This has resulted in under
and over -stocking, variable animal production and pasture deterioration (Earl and Jones
1996).

Some form of spelling or resting from grazing is highly recommended in contemporary
grazing management systems, especially while pastures are actively growing (O'Reagain and
Turner 1992). The primary reason is to benefit pastures, with the timing designed either to

encourage vigour and health of perennial grass plants or to maximise reproduction by
facilitating flowering and seeding. In the tropical savannas, this timing equates to either early
or late wet season spelling respectively. Wet season spelling is recommended in Australia's
tropical savannas, providing benefits of increased utilisation rates and profitability, while
maintaining the dominance of important perennial grasses (Ash et al. 2001).

The Pigeon Hole study in the Victoria River District of the Northern Territory includes wet

season spelling at a small commercial paddock scale and a project which more closely
investigates the optimal timing of wet season spelling and most appropriate pasture utilisation
rates through clipping treatments.

METHODS
At two sites, twenty individual plants of three key perennial grasses, the palatable curly
Mitchell grass (Astrebla elymoides) and curly bluegrass (Dichanthium fecundum), and the
increaser species feathertop wiregrass (Aristida latifolia), were subjected to treatments that
included early, late or entire wet season spelling and defoliation at rates from 20 to 60% (in
10% increments).

Basal circumference and seasonal biomass production were the key response variables. The
basal area of perennial grasses is a key measure of pasture sustainability and vigour and can
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be calculated from plant circumference (Briske and Hendrickson 1998).

McIvor and
Gardener (1990) found that it explained 84% of the variation in pasture growth and botanical
composition and was the most useful predictor of future pasture performance, as the number
of buds on perennial grasses and their survival as growing points is related to basal area.

All 1,920 plants were selected and tagged in December 2005 when the basal circumference
and height of each plant was recorded and all plants were cut to a uniform height of 10 cm.
As all plants are tussock grasses, height was measured by gathering all leaf matter and raising
vertically, with the height recorded at the point immediately below the flowering parts. Plants
were listed in order based on the basal circumference measurements and assigned sequentially
to each treatment category ensuring each treatment had a similar spread of small and large
plants. Twenty control plants of each of the species were also measured and cut.

During 5 -10 February 2006 heights were
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Harvested yield figures from the cumulative defoliations are not presented as these do not
represent a complete growing period. Plants were still actively growing at the last clipping
and final weights are still to be obtained. No obvious trends were evident from current data.
Response of the three grasses varied between species and to all treatments. Mitchell grass
exhibited an increase in basal area of 28.6 % for the early wet season spelling treatment at the
lowest utilisation rate (20 %). This declined to a 15% loss of basal area for the 60%
defoliation. Late wet season spelling resulted in the maintenance or a slight increase in basal
area (up to 10 %) across all defoliation rates. Spelling over the entire wet season gave an
increase in basal area of 23.5% at 20% utilisation, with other defoliation rates exhibiting
between a 5% to 12% increase.

Early wet season spelling of bluegrass showed a 5.5% loss of basal area at 20% utilisation,
declining to a 23.5% loss at 60% utilisation. Late wet season spelling produced a 2% increase
in basal area at 20% utilisation, declining to 19% loss at 60% utilisation. Spelling for the

entire wet season produced increases in basal area of between 3% and 15% across all
defoliation rates.

Wiregrass exhibited large declines in basal area over all treatments. These were generally
less, between 24% and 44 %, at the lower defoliation rates (20% and 30 %), increasing to
losses of between 49% to 54% at the 60% defoliation treatments. No consistent trend was
evident between the different times of spelling.

DISCUSSION
The results reported are preliminary as they are from a single wet season, i.e. December 2005
to May 2006. Moreover, record rainfall was received at Pigeon Hole during this unusually
long wet season, with over 160 mm of rain recorded in late April.

Response of the three perennial species to the different treatments varied greatly. Mitchell
grass appears to be most resilient to defoliation, exhibiting increases in basal area at low
defoliation rates. Results for Mitchell grass are in general agreement with On (1986) who
reported grazing induced vigour for Astrebla spp. Wiregrass appears very susceptible to
defoliation, displaying consistently large declines in basal area. Bluegrass appears to need
spelling from defoliation for the entire wet season in order to maintain basal area, otherwise
declines were evident.
The main reason for this investigation is to provide information for the design of a spelling
regime suited to the sustainable use of the productive, preferred, perennial grasses in the
Victoria River District. Data collection over one wet season is obviously inadequate to
achieve this and will need to continue for a number of seasons. However, interesting trends
have become apparent even at this early stage.
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ABSTRACT
This paper endeavours to map out the steps that two families took in order to move their
business ahead and also to adopt a rotational grazing system in the semi -arid rangelands of far

western N.S.W. We hope that others that are thinking of changing or have changed to a
rotational grazing system will find this helpful, or be able to offer us some advice and/or
support for the road ahead.

INTRODUCTION
We would like to explain our journey that has brought about significant positive changes in
our businesses and has put us in a great frame of mind to move ahead. We guess that if the
changes were easy then they would not have been anywhere near as fulfilling or rewarding.

"Sharpening the Saw" is the metaphor that we have used in order to show how to not only
turn a business around and make it profitable, but also to put in place a "culture" (or system)
to keep that business profitable. Rotational grazing wasn't seen as the simple change that
would "fix all of our problems ", more the strategic change of direction that would take the
businesses forward. We are very grateful to Resource Consulting Services P/L (RCS) for
providing the education and on going training that has opened our eyes up to the possibilities
that can exist if we make them. The sort of training and continued challenges that RCS
provide for us in their Rural Profit program is part of the process for constant business
improvement that we use.

ECONOMIC ANALYSIS
The first step to "sharpen up" our businesses was to do some economic analysis to identify the
areas that needed fixing (or throwing out) and also what parts were very profitable and we
could build on. Both businesses are predominately merino based and have had no need to
change essentially as the reason we weren't profitable wasn't to do with the returns from our
stock. The problems in our businesses were in the fixed overhead costs (high labour costs,
repairs and maintenance and general vehicle expenses), these were dragging us down and had
to be addressed so that we could reach our profit goals. To lower our overhead costs required
a redesign of our business and, when you require such a large change, there are many other
factors to take into consideration. This certainly needs very good communication.

COMMUNICATION
As there is more than one person involved in both of the businesses, whatever changes were

going to occur had to be agreed upon by all parties and the direction (or vision) of the
business needed to be "owned" by everyone involved. The direction of the business will be
guided by the values that the business adopts and then there will need to be some goals set
along the way so we can be sure that our decisions are taking us the right way. This can only
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come about through a number of strategic meetings involving all partners. The meetings work
well if they are held off -farm so that no -one worries about if the stock have water or fences
are all fixed; everyone can just concentrate on planning. These sort of discussions are very
difficult to have until all the people involved know exactly what they own and what position

they have in the business. When this involves more than one generation a succession plan
may need to be constructed.

SUCCESSION
A succession plan is a vital part of any business, however none more so than in a family
farming business. In order to put together an agreed and workable succession plan the main

ingredient is to find a skilled, trusted and qualified facilitator who comes with a good
reputation of being able to provide the right atmosphere for the business /family to come up
with the plan. This meeting, being strategic, needs to be held away from the business in a
venue where no one feels they are favoured over any others (a neutral venue). At Wyndham
we had ours in Adelaide at a boardroom where the whole family could sit around a table and
be involved and valued. Meeting in a major centre also made it easier for us to arrange a
qualified facilitator who could help us to reach a great outcome. This meeting, while not
fmalizing the succession plan, as that is on going, will no doubt generate some actions and
decisions and so this will start the business plan.
BUSINESS PLAN
The main components of a short business plan are; who is involved? This will come from
your succession plan. Where are we now? This will be using the economic analysis. What do
you want to achieve? This is the vision of the business. How are we going to do it and by
when? This will be in the form of goals and targets. In order to expand the business plan to a
really useable strategic document then you will need to put in some policies to describe how
the risks in all aspects of the business will be managed and how the opportunities will be
exploited. Both Wyndham and Aston have business plans that contain policies and strategies
on the management of all aspects of the business. A well -documented business plan can
cover the risk of losing the main people in your business as now it is a conscious decision of
ours to work in the business as we find it enjoyable. If the enjoyment left us then someone
else could run our businesses for us and still be successful.
The sorts of goals that we set were along the lines of:
Increasing ground cover
Increasing perennial grasses
Decreasing run -off
Increasing carrying capacity
Lowering overhead costs
Reducing workload
More time for family and hobbies
Increasing profits
More controlled total grazing pressure
Increasing off -farm investments

In order for us to achieve these goals we looked to an option based around a customized
rotational grazing system. This would reduce our workload and costs by having our stock
concentrated in large mobs and using the stock to repair our landscape.
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ROTATIONAL GRAZING
Both Aston and Wyndham are very long and narrow blocks of land with the homestead and
woolshed at one end, so some form of rotational grazing was already practised in order to have all
of the sheep shorn. This however wasn't measured or monitored for the impact it was having on
the land, only by how smoothly the sheep came in for shearing!

Under the rotational grazing system that is currently in place, we have a minimum number of mobs
(around 2 -3) and so only having that amount of waters on at any one time. This reduces time spent

checking waters by at least 50 %; most of the gates are ,open making access easier. We fenced
similar vegetation types and now have paddocks ranging from 150 to 1000 ha, mainly 400- 600ha.
Wildlife (in the form of kangaroos) can eat up to 1/3 of the available feed, so on our properties we
have to be vigilant and recognise when numbers are too high. With most of the gates open, access
is simple and the kangaroos are easy to fmd; they are in the paddocks that the stock aren't. The
focus has now moved to repairing our land and using our animals to harvest the production and
create seedbeds, while also generating the income required for the business to thrive.

Through our training with RCS we have also been given the skills to use "grazing charts" (provided
by RCS) that allow us to objectively measure our stocking rate and rainfall to match our carrying
capacity. These allow us to forecast a dry period ahead (help us make decisions about when and
how many to offload) and also a better time pasture - growth wise that might allow us to increase
our stock numbers. We have also set up monitoring points to help us asses our pasture growth and
see if there has been a decline or an improvement, this then helps to refine our management. Both
properties have been ripped for rabbits and with the aid of RCD rabbit numbers are low.

CONTROL & WELL BEING
Stressful situations and decision -making are controlled as we have confidence in our business

plans and policies. We can minimise the effects of potential crises by managing the risks
associated with the people, livestock, landscape and the finances of the business. With the
controlled grazing regime that is used and the regular monitoring that goes with the system
issues, such as lack of rain or weeds become controllable and can even be positive. Regular
meetings ensure all members of the family involved are aware of and have contributed to the
future strategies and opportunities of the business.

CONCLUSION
The order in which we have placed these steps isn't exactly the way they occurred for us; we
are just trying to demonstrate the thought and seriousness in which the decisions were taken.
The message for you to take home is that a shift in management from a "set stocking" system
to a rotational grazing system can be very beneficial as long as the decision is well thought
out and the risks managed. The change in thinking is like learning a new language, so there
are new challenges all the time and that is all part of the excitement of the journey. A circular
saw with lots of teeth travelling at a high speed is inefficient and takes a lot of sharpening.
The same saw with less teeth travelling much slower is much more effective and takes less
sharpening.
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ABSTRACT
Biological fixation of nitrogen by cyanobacteria is believed to be a significant source of plant
available nitrogen in arid ecosystems. This study was carried out in south -western Queensland
and obtained basic data on nitrogen mineralisation from soils where cyanobacteria are a
significant component of the soil surface ecosystem. Our results indicated that mineralisable
nitrogen was always greater in the surface soil, irrespective of seasonal condition, and was
significantly greater on the crust type with a sandy covering compared with the surfaces
devoid of sand. We conclude that during drought, small falls of rain combined with dew are
sufficient to maintain cyanobacteria in an active state. The sandy covering over the crust
probably stimulates nitrogen production by creating anaerobic conditions that also reduce the
loss of gaseous nitrogen through volatilisation.

INTRODUCTION
Cyanobacteria are photosynthetic prokaryotes known to be highly resilient to changes in their
physical and chemical environment. Biological fixation of nitrogen by cyanobacteria is
believed to be a significant source of plant available nitrogen in arid ecosystems (Sheilds et
al., 1957). Many soil -inhabiting cyanobacteria fix atmospheric nitrogen by using specialised
cells called heterocysts that convert atmospheric nitrogen to ammonium (NH4 +), a form that is

potentially useable by plants. Heterocysts in cyanobacteria exclude oxygen, providing the
necessary anaerobic environment required for nitrogen fixation. Charley (1972)
acknowledged that micro -organisms were probably making a substantial contribution to the
nitrification process after rainfall, but the exact mechanisms involved, or the organisms
responsible, were not well understood. Subsequent studies have indicated that soil -and rock-

inhabiting cyanobacteria and lichens are an important source of nitrogen in desert
environments (Shachak et al. 1987), particularly where nitrogen -fixing plants (legumes) are
not a major component of the vegetation.

Cyanobacterial- dominated soil crusts occupy large areas of apparently bare interspaces
between plants in the semi -arid subtropical rangelands of south -western Queensland. These

crusts are critically important for maintaining landscape stability, particularly during
droughts. While it has long been suspected that crusts are important sources of nitrogen for
these desert soils, and thus a source of mineralisable nitrogen for desert plants, to date the
mechanisms are poorly known and the relative importance of crusts not well quantified. The
aim of the study reported here is to measure nitrogen mineralisation rates from soils where
cyanobacteria are a significant component of the soil surface ecosystem. We were particularly
interested in comparing rates over two different periods; 1) when cyanobacterial activity
would be predicted to be low (droughts or below -average rainfall periods), and 2) when
cyanobacterial activity would be high (post- drought).
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METHODS
The study was carried out within Glencoban Bore paddock (28 °10'S; 146 °02'E) in the Gilruth
Land System in south -western Queensland. This 2000 ha paddock has extremely low relief,
and consists of lightly banded groves of Acacia aneura or Eucalyptus populnea in low lying
run -on zones with large, inter -grove run -off zones dominated by stony red earths supporting

perennial grasses. Land use is domestic stock (sheep and cattle). Cyanobacterial soil crusts
dominate the bare patches between vascular plants, surviving in a climate of extended dry
spells, drought, intermittent storms, and floods. Rain falls predominantly during the summer
months, and averages 370 mm annually. In winter therefore, dews are the primary source of
moisture for these soil crusts.
Cyanobacterial crust samples to be tested for mineralisable nitrogen were collected during the
latter phase of severe drought and again six months into post -drought recovery. At least three
replicates were selected from each different landscape surface type, i.e. (a) sandy run -off, (b)
partly stony run -off, (c) stony run -off. Samples were then categorised into three different

cyanobacterial crust types: (1) sand over crust, (2) light- coloured thin crust and (3) dark coloured thick crust. Within a 0.5 m2 quadrat four 10 cm x 10 cm samples were collected
from each landscape surface type at two depths and directly below each other at 0 -1 cm andl5 cm. Samples were mixed thoroughly, sieved, and stored in airtight clip -lock plastic bags
(soil samples contained less than 0.5% moisture at time of sampling). Crust samples were also
taken from within the quadrats to identify the species of cyanobacteria present.

Laboratory analyses for mineralisable nitrogen were carried out using Gianello & Bremner
(1987) Method 4 procedure. General Linear Modelling (Minitab 1997) was used to test for
differences in mineralisable nitrogen between the three crust types, three landscape surfaces,

two depths and two sampling periods, and their interactions after diagnostic tests were
performed to check for homogeneity of variance (Levene's test). Post -hoc differences in
means were determined using Least Significant Difference tests.

RESULTS
Stigonema ocellatum, Scytonema sp. and Gloeocapospsis dvoraki were the known dominant
N -fixing cyanobacteria, and were found within 45% of light- coloured thin crusts and more
than half of the dark -coloured thick crusts.

Across the run -off zones, mineralisable nitrogen was always greater in the surface soil
(P <0.001), but there were no significant effect of surface type (P=0.075, Figure 1). There
were significantly higher concentrations of mineralisable nitrogen during the drought
compared with after the drought (P= 0.002). During the drought, mineralisable nitrogen was
significantly greater on the crust surfaces covered with a thin layer of sand compared with the
surfaces devoid of sand, which were generally not significant from each other (P>0.05; Figure
1). This trend was also evident after the drought, but only in the 1 -5 cm layer (Figure 1).

Mineralisable nitrogen was always greater in the surface soil, irrespective of seasonal
conditions. This translates to maximum values of mineralisable nitrogen occurring at a rate of
0.87 kg N/ha.
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Figure 1: Mean (+ standard error of the mean) mineralisable nitrogen (mg/kg) for two
depths and three crust types during and after drought

Within a depth class at a given time, different letters indicate a significant difference in
mineralisable nitrogen between crust types at P <0.05

DISCUSSION
Our results show that cyanobacterial soil crusts covered in a thin layer of sand and surviving
in the run -off zones during drought had double the mineralisable nitrogen compared with
cyanobacteria at other times and locations during and after drought. With the progression of
drought, the process of wind and water erosion resulted in accumulation of thin layers of sand
over the crust surface. Our field measurements have shown that there was 28% more intact
cyanobacterial crust under the sand compared with surfaces where sand was absent (Williams,
2004). Therefore, rather than representing a degraded surface, this covering of sand appeared
to have a positive effect on the N accumulation in the upper soil profile during drought, even

at depth. We believe that the presence of a thin layer of sand may provide an anaerobic
environment conducive to the production of N by cyanobacteria.

Cyanobacteria are known to respond rapidly to wetting (Rancher et al. 2003), and during
droughts, this moisture comes in the form of light rains of only a few millimetres or the winter
dews that occur frequently during drought periods. Our studies have shown that these levels
of moisture, insufficient to provide a response in vascular plants, are sufficient to stimulate a
response in the cyanobacterium and presumably nitrogen fixation. Thus drought may present
an ideal opportunity for cyanobacteria to fix nitrogen, particularly in a form which is Available
to vascular plants. It would also appear that the nitrogen that may normally be lost through
denitrification and volatilisation might be trapped beneath the sand. Although we are unsure
about the length of the period over which N is produced, it is clear from our work that sand-
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covered cyanobacteria produce nitrogen during droughts. We hypothesise that areas inundated
by sand become focal point from which cyanobacteria can recolonise the soil after droughts,
and predict that this mineralisable N, when coupled with abundant soil moisture post -drought,
would meet threshold requirements for germinating seeds.

In these results, the association of mineralisable nitrogen with cyanobacteria- dominated soil
crusts and the accumulation under a superficial layer of sand appears crucially important in
the drought- recovery cycle. It is well -known that stock trampling damages these soil crusts,
significantly impacting surface stability. However, our work suggests that their ability to fix
nitrogen is also compromised (Williams, unpublished data). At this point we recommend
grazing management may be configured to enhance the survival of N fixing cyanobacteria
thus aiding native pastures growth cycles. It is therefore imperative that more detailed

examination of these processes under seasonal cycles and in different landscapes are
researched further.
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ABSTRACT

Sustainable Wildlife Enterprises (SWE) trials are an initiative by the Rural Industries
Research and Development Corporation ( RIRDC). They seek to integrate Australia's native

wildlife into existing agricultural enterprises. A strategic plan has been prepared and
implementation requires the testing of alternative production systems. Nature -based tourism
and commercial utilisation of native plants and animals, assessed at trial sites in western NSW
and Queensland, are being used to determine whether assigning a value to these resources can
provide an incentive for landholders to protect and restore wildlife habitat, landscapes and
biodiversity, and therefore bring about positive changes in landscape health and agricultural
sustainability.

ORIGINS
The Sustainable Wildlife Enterprises (SWE) trials give effect to the recommendations of the
1998 Report of the Senate Rural and Regional Affairs and Transport References Committee
into the Commercial Utilisation of Native Australian Wildlife. The recommendations were
based on overseas experience with native animals similar to kangaroos including the red deer,
elk, bison, springbok, impala and eland which indicate that alternative management regimes

can enable landholders to integrate wildlife and pastoral enterprises leading to win/win
outcomes. Landholders value their wildlife and so have an incentive to integrate conservation
and sustainability. The trials also draw on the concepts discussed by the Future of Australia's

Threatened Ecosystems program, which is now within the University of NSW, School of
Biological Sciences. They are an initiative by RIRDC as part of its new Rangelands and
Wildlife Program. The trials have support from the Australian Government's National
Landcare Program and are in their second year of operation.

AIMS
The aim is to test mechanisms for regional coordination that integrate commercial use of

wildlife with more conventional pastoral land use. Income is derived from tourism and
ecosystems services and consumptive use of wildlife.

METHODS
A strategic plan has been prepared and implementation requires testing of administrative
mechanisms and alternative production systems that (a) enable wildlife resources to operate as

an incentive to protect and maintain habitat and enhance biodiversity on private lands; (b)

increase the resilience and long term sustainability of the agricultural sector on the
rangelands; and (c) increase the economic viability of land rehabilitation and the long term
viability of rural communities.

Implementation Cycle
The implementation cycle reflects an adaptive management process. This process is organized
in four steps:
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Creation of Wildlife Management Conservancies (WMC)

The development of wildlife management plans and habitat protection to support the
development of sustainable wildlife industries is based on groups of landholders within a
defined catchment or sub -catchment who wish to participate. WMCs have been formed at

Mitchell in Qld, Wentworth in NSW, and north of Broken Hill in NSW. Preliminary
investigations on Kangaroo Island are also proceeding. Some Conservancies are Landcare
Groups; others are structures specifically created for the purpose. They are landholder driven
and define their objectives and priorities. The project near Lake Victoria and the perspectives
of Annabel Walsh the landholder from Moorna are described in greater detail below as an
example.

Production Income
The WMCs are receiving support in identifying and establishing enterprises to diversify farm
income. They do not forego existing farming or grazing enterprises, but instead are provided
with incentives to create new enterprises and integrate them with existing production.
Landholders themselves drive the process and make wildlife management decisions within
broad guidelines and quotas set by regulatory authorities. The WMC's gain income from
sustainable industries based on both consumptive and non -consumptive use of wildlife
(tourism) and ecosystem services.

The SWE strategic plan emphasises the importance of product differentiation and market
access through attaining certification for the environmental performance of products, services
and production techniques. It may also be possible to highlight regional differentiation where
this forms a unique characteristic of both wildlife produce and other farm production. To this

end and to assist planning, software packages are being trialled that enable adoption of
Environment Management Systems and certification. The AEMS package is described in
another paper in this conference. There are others including myEMS and the Australian
Landcare Management System.

Marketing
Produce from the Conservancies achieving positive outcomes will be marketed as having
conservation benefits. Effective marketing is essential in ensuring market demand and

premium prices are achieved for produce derived from WMC's. The trial will test if
accreditation as a sustainable production system will enable the WMC to obtain premium
prices for their kangaroo products, tourism experiences and /or other bush food products.
Accreditation will be informed through assessment of the WMC's wildlife management plans,
which will include provisions for animal welfare to applicable activities.

RIRDC is currently reviewing farm management software systems that assist landholders
comply with the requirements of an EMS and define the attributes of a Wildlife Stewardship
Scheme using the Marine and Forestry Stewardship Schemes as a model.

Adaptive management
Monitoring and evaluation of enterprises is being undertaken to assess the performance of
enterprises based on a triple bottom line approach incorporating environmental, social and
economic indicators. At the end of the adaptive management cycle, scientific and advisory
support will be fed back to the Conservancies to provide updated information to inform
management and enhance environmental, economic and social performance.
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DISCUSSION
Conservation through Commercial Wildlife Use
Under current arrangements, native wildlife is a liability over which landholders have little
control. Yet some wildlife, for example kangaroos and emus, produce high quality food and
fibre products, and appear to incur less damage to the environment than equivalent numbers

of conventional livestock. Wildlife is also an asset to the tourism industry being a core
component of the national heritage. Some native plant species have potential in the culinary
industry, in addition to demonstrated value as alternative medicine and health products.
Giving landholders the opportunity to capture and benefit from these values could provide an
incentive to increase their presence in the landscape.

Successful agricultural products are those that have become price setters rather than price
takers. Previously commodities such as cheese, olive oil, and to a certain extent wine, were
initially produced in large quantities with little emphasis on product differentiation. Today at

the higher value end of the market, there is attention to detail, quality and regional
differentiation, and landholders have greater control over the price they receive for their
product.

The establishment of mutually beneficial relationships with existing native food, wildlife and
tourism industries is seen as vital to the development of the SWE model. The WMCs will not

seek to compete with existing processors, but rather to add value to enterprises by
emphasising the conservation benefits of their produce. SWE aims to attract existing wildlife
resource processors as clients and purchasers of its products. For example one or more of the
existing kangaroo processors may be attracted to enter into a contract with a Conservancy in
return for the marketing and credibility benefits which flow to it from the arrangement.

Responsibility and Ownership of Wildlife with Landholders
A core principle in the Sustainable Wildlife Enterprise trials will be to test the outcomes of
transferring 'ownership' and management of wildlife from the state to Wildlife Management
Conservancies, or landholders. Precedents in South Africa, Scotland, Canada and USA will
guide options in Australia. The Sustainable Wildlife Enterprises trials will continue to consult
with State and Territory regulatory regimes governing ownership and harvesting of wildlife,
and with Australian Government statutory arrangements governing wildlife trade. They will
address issues such as the potential to free range harvest emus. Emu farming is currently not
profitable; however birds are kept behind wire and intensively fed. There appears to be no
logical opposition as to why they should not be harvested on a more extensive basis if the
landholders are conserving their habitat and managing them.

Adaptive Management Cycle
Monitoring and investigation are being undertaken in an Adaptive Management Trial as a
collaborative activity with research organisations. Research results will be fed back to the
Conservancies over a period of six years and will assist landholders implement best practice
in the management of conventional farming enterprises, commercial use of wildlife and
biodiversity conservation. Research results will also assist in enhancing the design of the
project for potential future extension.

CONCLUSION
Currently 65% of the Australian landscape is used for grazing and broad -acre farming of
monoculture crops. Such farming systems are struggling to maintain the natural ecosystems
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on which the sustainability and future production relies. They are highly susceptible to
changes in climatic extremes due to the reduced genetic scope monocultures have to adapt to
changing conditions.

Diversification of farming enterprises to include the sustainable commercial use of wildlife
has the potential to increase the resilience and economic viability of rural communities
through the creation of additional and sustainable income streams. Native plants and animals,
being inherently more resilient to the extremes of climatic conditions experienced in the
Australian landscape, could provide additional income to landholders during periods of low
productivity in mainstream enterprises. In addition, the strategic rehabilitation of degraded
habitats has the potential to increase whole farm productivity through restoration of natural
systems that function to maintain soil and water quality, provide shelter for conventional
stock and maintain predator -pest relationships.

Success Factors
Through the SWE trials the commercial value of wildlife to landholders could be established
whilst enabling more sustainable production processes. However successful outcome at the
end of the 6 year trial will depend on a number of critical success factors:
Demand being created for products from the Wildlife Management Conservancies by
emphasizing their conservation benefit.
Markets for bushtucker, in particular kangaroo meat, strengthening.
Members of the WMC remaining enthusiastic and continue to make their properties
available for proposed manipulation and detailed scientific investigation.
Natural events such as drought and commodity price fluctuations over a 6 year cycle not
being so extreme as to affect the capacity and willingness of members to participate.

Government and philanthropic support being sufficient to establish the Wildlife
Management Conservancies, to underpin the research, monitoring and evaluation and to
back marketing of products as conservation friendly.
The experience in other countries is sufficient to warrant an investment in the proposal. At the
end of the trial the SWE should be self supporting.
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INTRODUCTION
When the state -based approach to management of Australia's natural resources under the
second round of the Natural Heritage Trust came into being in 2003, it was recognised that the
rangelands NRM groups were divided in their influence. They operated in the backblocks of
four states and the NT, small in voice and far from the centres of power. Most of the groups

were also in non NAP regions which meant that they were modestly funded -particularly
given the large areas and scattered population they had to deal with.

EARLY EFFORTS TO FORM A NETWORK
Overcoming this problem was raised in cross border discussions between Desert Channels
Queensland and the South Australian Rangelands 1 RM Group. To this end it was resolved to
hold a meeting in mid 2004 in Alice Springs, to discuss the potential of organising a
Rangelands NRM Groups Network.
Key points covered at that meeting included:
Improving information exchange between groups;
Assisting each other with planning issues;
Developing the potential for collaborative projects;
Improving research linkages;
Avoiding duplication of issues; and
Collectively using a voice to raise issues.

At the time most NRM groups were heavily engaged in planning and, while the concept was

well received, the focus was for everyone to get their investments plans approved and
underway. Two years on, the groups have operational NRM plans and investment strategies in
place and are busy implementing on- ground works, so the time is ripe to activate a network.

WHERE TO NOW?
Desert Channels Queensland and the South Australian Arid Lands NRM Board are keen to
reactivate the idea of a network. There are around a dozen rangelands NRM groups in QLD,
[SSW, SA, NT and WA that could be involved. Currently we have a website space to host a
network. The idea could be to include links to all interested groups, as well as information on
the network. To this end it is proposed to host a discussion at the ARS/LEB Conference in
Renmark to refine the idea and move forward.
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ABSTRACT
The purpose of this project is to understand the contribution that protected areas have to the
quality of life of regional and rural communities. The research methodology uses collected
and compiled secondary data in order to establish central themes and values that are being

represented by the community. Literature shows us that traditionally, management of
protected areas has been influenced by the perceptions of managers and planners from outside

host communities. Therefore the objective is that, by exploring both the values of a
community and the values of protected area managers, there is an opportunity to overlay
values and search for emergent themes, commonalities and differences. These may inform
policy to more effectively achieve desired conservation outcomes.
INTRODUCTION
Conner 1999, Wynhausen 1999, Rothwell 1999 and Jeffrey 2000 among many others
highlight issues relating to rapid changes in cultural and economic structures that rural and

regional areas are experiencing. These changes present challenges to business, local
communities, and to public agencies supplying services, and managing the use of natural
resources. The need to develop a method in understanding the changing role of protected
areas is vital if such places are to continue providing the benefits of sustained or improved
quality of life for communities. Currently, the World Commission for Protected Areas
(Sheppard 1999) has identified that managing tourism and park visitation, and partnerships
with local communities are among the top ten issues facing protected areas in the coming
century.

PROJECT LOCATION
The work is being undertaken within the rangelands of far north western NSW including
Sturt, Mutawintji, Kinchega, Paroo -Darling, Gundabooka National Park and Nocoleche
Nature Reserve, an area extending west from Bourke and north from Menindee and Cobar to
the South Australia and Queensland borders respectively. The location has been selected due
to the nature of issues in these areas, the researcher's background knowledge of these issues

and a long established relationship with the people in the region. The project is been
undertaken with an Australian Research Council Linkage grant in collaboration with the NSW
NPWS, Department of Environment & Conservation. A broad area analysis has allowed the

suite of information being collected to provide in depth perspectives of a wide range of
values, rather than providing an opinion about a single protected area.

SIGNIFICANCE
Protected areas have considerable potential for a significant role in the areas of: ecologically

sustainable development; economic stability; providing a sense of wellbeing in those
communities associated with protected areas; and, providing opportunities for people living in

regional, rural and remote areas (Ghimire and Pimbert, 1997, Regional Australia Summit,
1999).
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The research used to investigate this potential develops the use of narrative analysis through
modified adaptations of Personal Construct Theory and repertory grid technique (Bushell

2004). The process therefore, endeavours to reflect the opinions and perceptions of the
community through identifying primary themes. These themes are identified by a careful
analysis of secondary data that is repetitive both spatially and historically. This has included,
but has not been limited to; board, committee and group minutes, foundations, incorporations,
media, local government and private organisations. The values that emerge from the identified

themes will form the indicators that will be used in undertaking a comparative analysis
between protected area managers and the host community.

The research aims to provide a methodology enabling values to be investigated in a way that
respects the differences and accordingly assists to build beneficial relationships and pave the
path for the role of protected areas in a changing social environment.

CONCLUSION
The outcomes of the project will provide an understanding of the means and values which
local communities find vital in developing a co- operative relationship within nearby protected
areas. This will be beneficial in regional development planning with the ability to create direct
benefits to local communities; specifically the encouragement of local community
`ownership' and direct involvement in the protection and enhancement of biodiversity.

Further to this, the project will assist in better understanding how the values that shape
communities differ between locations in the research area and what implications these values
have in the development of locally appropriate relationships.

The research proposes a technique for collecting and assessing community opinions that
records values on all levels of the community, not only those which are most vividly or
commonly represented.
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DESERTIFICATION IN RANGELANDS - AN INTERNATIONAL PERSPECTIVE
ON TECHNOLOGY, INSTITUTIONS AND POLICY
P. Young
International Agricultural Consultant, 4 Penong Street, Hyde Park SA 5061
Email: pmyoung @ozemail

BACKGROUND
The Inner Mongolia Grasslands Management Project (IMGMP) is located in Xinga'an
League, in far north eastern China. The project, funded by the government of the People's
Republic of China and the Australian Agency for International Development, selected new
target areas in 2003 because of severe land degradation due to continued over -grazing and
inappropriate cropping practices. The objective was to use a land -use user rights -based
allocation process to develop environmental and social sustainability for herding and cropping
systems.

In support of the objective, it was assumed that practical approaches to community selfmanagement would be supported by appropriate Chinese government policies. In this way,
the process of analysing policies (which shape the grazing management behaviour of herder
communities and the local government regulatory and micro- economic environment) was
expected to provide relevant guidelines, and ensure regulatory compliance through improved
grassland management practices. It was also intended that this policy analysis would assist
with the design of new policies, and the improvement of policies, which do not complement
improved cropping and grazing practices and communal sustainability.

Against this background, this paper describes how environmentally -degrading grazing and
cropping practices and inappropriate government policy ( "growth at all cost ") are
perpetuating unsustainable over -grazing and cropping of the fragile grasslands, and
supporting household investment objectives which are based solely on maximising livestock
numbers and crop areas.

PROJECT AREA
In one of China's most fragile and widely desertified ecosystems (the Kerquin grasslands),
severe over -grazing initially resulted in grassland degradation, increased susceptibility to
flooding, and the abandonment of lowland cropping areas. Following community resettlement

about 15 years ago, continued over - grazing and the introduction of destructive cropping
practices have resulted in land degradation on a massive scale, (e.g. in Chaohaoritu Aili) it is
estimated that 1 million tonnes of soil are lost per annum from only 77,500 mu (5,200 ha).
Overgrazing -induced grassland damage and destructive cropping practices have destroyed
ecosystem resilience and hastened the collapse of herding communities' natural assets. Such a
collapse:
1. chronically lowers livestock condition and productivity;
2. threatens physical assets (buildings and roads);
3. results in declining crop yields;
4. under -mines the quality of life (on and off -site);
5. reduces poor people's incomes and investments in livestock; and
6. negatively impacts on the longer -term viability and sustainability of User Rights, and

related policies.
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The current situation in Chaohaoritu and Baiyinhaga is that rapid desertification and the
beginning of socio- economic collapse (with its attendant social problems) mean that supposed

tenure over grazing rights could be under question. Therefore the grazing and cropping
management systems must change, and quickly.

COMMENTS ON THE SITUATION IN EARLY 2005
The ecosystem collapse in Chaohaoritu and Baiyinhaga means that desertification now
threatens future community viability. Until there is evidence of environmental recovery in
progress, grazing should be banned because the Sustainable Carrying Capacity (SCC) is zero.
China's use of the SCC approach to grazing management needs to be revised to reflect a
greater focus on environmental health and sustainability, rather than a simple estimate of total
dry matter production.
Current food and cash cropping practices are environmentally destructive because all crop
residues are removed and tillage mechanisms are inappropriate (repeated ploughing). These
practices expose sand -plain soils to gross deflation by wind erosion and totally destroy the last
vestige of topsoil within a few months of residue harvest for livestock feed. In the absence of
complementary conservation tillage systems (zero -tillage), cropping should be discouraged,
and forage (and grain) purchased from outside the area. This cropping system is not new in
China - there are about 10.5 million mu (700,000 ha) of minimum -till crops in China.

In anticipation of an eventual, but progressively- introduced grazing ban, market outlets for
stall -fed animals need to be explored and developed through community involvement with
support from the Animal Husbandry Bureau. Any "scaling up" of the User Rights system
needs to be prefaced by a Rapid Rural Appraisal -type situational analysis, plus a grassland
resource survey /environmental asset assessment.

To reflect the original purpose of User Rights in terms of poverty alleviation, grazing and
crop land allocation should be completed on an equitable basis. This process should be
independent of past or present livestock holdings, and allocate land at a flat rate per household
member, with a fixed number of livestock units for every household.

In the event that some grazing is still permitted (not recommended) after a period of grassland

recovery; User Right Contracts issued to households for grassland management should be
subject to renewable sustainable grazing conditions which clearly state:
the number of animals a household is entitled to graze (not greater than the agreed SCC);
the calendar periods during which each class of animal can be grazed; and
areas designated as "grassland recovery ", on which all grazing is prohibited in order to
enable grassland rehabilitation, erosion mitigation, and seed collection.

Chinese technicians need training in a broader, more ecological approach to grassland
monitoring - it is time to train technicians in "modern" ecological monitoring techniques.

ENVIRONMENT ASSESSMENT IN EARLY 2005
Condition of Grassland
Residual grass cover and grass height was very low, to absent.
There were no areas in either Aili with grass height/cover levels even approaching those
necessary to mitigate active soil erosion.

441

Accelerated Erosion
Active wind erosion was almost ubiquitous.

There was gross surface re- deposition of wind -sorted sandy material, mainly stripped
from the higher points of the natural contours down onto surface roughness elements.
The major sources of windblown material appeared to be:
Grossly and very actively fragmenting and deflating crests and higher points of the
undulating sandy belt landscape;
Re- distribution of mobile sand grain -sized soil fractions;

Crop fields with exposed, ploughed, grazed and trampled surfaces and inadequate
levels of stubble cover;

The clayey soils of the lowland plains (which have undergone more local gross soil
erosion); and
Roads, tracks and animal laneways.

Community tree -planting activities focused on poplars (minimal value for windbreaks,
unlike the ideal coppicing growth habit of the last remaining native tall shrubs {elms}
which are still present).

Soil Losses
Crop land - 450 tonnes/ha/year
Grazing land - 130 tonnes/ha /year

Mobile Dune -Fields
The mobile dunes were recently induced by human activity, especially overgrazing.

They were built up after soil breakdown, by wind and also by water erosion, and
subsequent large particle accumulation.

The source of the huge dune volumes was the large areas of sheet erosion plus the
mobilisation of (often) 0.5 -2.0m of the soil profile from the crests and higher parts of the
sand sheet.
There were many exposed relics of root systems - this indicated that the present levels of

grazing pressure, wind energy and subsoil collapse were all too high for established
shrubs to survive.

Sodicity, Salinity and Alkalinity
The lowland plain soil units were calcareous, sodic, more or less potassic, and patchily
highly alkaline.
Although often referred to as "salinity areas" when in a degraded state, they are generally
only weakly saline.
Efflorescing greyish white powdery salts and waterlogged surface re- crystallisation were

evident on the surface of bare soils in the low lying drainage plains (the main soil
formerly used for cropping - and still for hay).

Water Tables and Salinity
hi both Ailis, large areas of the low -lying land units with heavier soils had water tables
within lm of the surface.

Flood Risk
Widespread waterlogging of the lower parts of the landscapes was a major concern occurred in the following spring, even after a very dry season in 2004.
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CONCLUSION
The environmental (and looming social) crises in Chaohaoritu and Baiyinhaga mean that the

government, if it wishes to avoid expensive and socially destructive solutions such as
ecological migration, has no choice but to make difficult decisions on how to manage this
situation - one of severe and ongoing land degradation, in a policy context (in terms of
objectives to increase livestock numbers and crop areas) which does not support a sustainable
solution.
IMGMP has assisted stakeholders to make these decisions in terms of:
1. Analysing the situation and identifying causes - as the basis for essential changes;

2. Recommending solutions (some of which might seem to be radical and initially
unpalatable);
3.

Advising on appropriate changes in terms of policy interpretation, and new /adjusted
policies;

4.

Assisting with the introduction of new and more appropriate livestock and crop
production techniques; and

5.

Monitoring and evaluating outcomes once decisions are made and new production
systems are implemented.
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Western Catchment Management Authority
PO Box 378
BOURKE NSW 2840
(02) 6872 1999
0419462117
afterhours@bigpond.com

Ms Hayley Turner
Department of Agriculture & Food
PO Box 1618
KARRATHA WA 6714
(08) 9144 2065
0427201195
hturner@agric.wa.gov.au

Dr Fleur Tiver
University of SA
School of Natural & Built Environments
University of SA
MAWSON LAKES SA 5095
(08) 8302 5137
fleur.tiver@unisa.edu.au

Mrs Louise Turner
Western Catchment Management Authority
PO Box 692
BROKEN HILL NSW 2880
(08) 8082 5200
0428268925
louise. turner@cma.nsw.gov.au

Dr Nigel Tomkins
CSIRO Livestock Industries
PO Box 5545 CQ Mail Centre
NORTH ROCKHAMPTON QLD 4702
(07) 4923 8211
nigel.tomkins@csiro.au

Mr Chris Turner
Pastoral Management
DWLBC
GPO Box 2834
ADELAIDE SA 5001
(08) 8303 9755
Turner.chris@saugov.sa.gov.au

Ms Meredith Tothill
Rural Solutions
PO Box 357
PT AUGUSTA SA 5700
(08) 8648 5371
0428104867
tothill.meredith@saugov.sa.gov.au

Mr Frits Van Oudtshoorn
Limpopo Department of Agriculture
SOUTH AFRICA
C/- Neil MacLeod
(07) 3214 2270
neil. macleod@csiro.au
Ms Sandra Van Vreeswyk
Department for Planning & Infrastructure
PO Box 1575
MIDLAND WA 6936
(08) 9347 5120
sandra. vanvreeswyk@dpi.wa.gov.au

Mr Michael Trebilcock
Department for Environment & Heritage
Oraparinna
PMB10
HAWKER SA 5434
(08) 8648 0017
trebilcock.michael@saugov.sa.gov.au

Ms Gresley Wakelin-King
Wakelin Associates
PO Box 271
CLIFTON HILL VIC 3068
(03) 9482 4584
gresley@wakelinassociates.com.au

Mr Rory Treweeke
Western Catchment Management Authority
PO Box 1212
LIGHTNING RIDGE NSW 2834
(02) 6829 0301
0428634204
treweeker@gobushmail.com.au
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Ms Ann Wallace
Productive Nutrition pty Ltd
Unit 11,70 Walkerville Tce
WALKERVILLE SA 5081
(08) 8344 8816
ann@productivenutrition.com.au

Mr Peter Watkins
Department for Environment & Heritage
Oraparinna
PMB10
HAWKER SA 5434
(08) 8648 0017
trebilcock.michael@saugov.sa.gov.au

Ms Elizabeth Wallis
Rangelands Australia
c/- SNRSM
University of Queensland
GATTON QLD 4343
(07) 5460 1660
0419781 549

Ms Michelle Watson
SML NRM Board
PO Box 693
ROXBY DOWNS SA 5725
(08) 8671 1083
Michelle.watson@saalnrm.sa.gov.au

Dr Dionne Walsh
CLMA
PO Box 2534
ALICE SPRINGS NT 0871
(08) 8953 4230
ems@clma.com.au

Dr Ian Watson
Department of Agriculture & Food
PO Box 483
NORTHAM WA 6401
(08) 9690 2179
0427477 734
iwatson@agric.wa.gov.au

Mrs Annabel Walsh
Murray Darling Rangeland Conservancy
Moorna Station
NSW2648
(03) 5028 2250
0427282262
annabelwalsh@bigpond.com

Dr Annemarie Watt
Department Environment & Heritage
GPO Box 787
CANBERRA ACT 2601
(02) 6274 2540
annemarie.watt@deh.gov.au

Ms Janet Walton
Greening Australia SA Rangelands
PO Box 2227
PT AUGUSTA SA 5700
(08) 8648 5978
0428813075
rangelands@greeningsa.org.au

Mr Scott Wauchope
Department of Agriculture & Food
PO Box 522
CARNARVON WA 6701
(08) 9956 8315
0429116264
swauchope@agric.wa.gov.au

Mr Andrew Warnock
University of Ballarat
School of Science & Engineering
University of Ballarat
BALLARAT VIC 3353
(03) 5327 9346
0439485648
a.warnock@ballarat.edu.au

Prof Martin Westbrooke
University of Ballarat
PO Box 663
BALLARAT VIC 3353
(03) 5327 9213
mew@ballarat.edu.au
Dr Ralph D.B. Whalley
University of New England
ARMIDALE NSW 2351
(02) 6773 2477
rwhalley@une.edu.au
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Mr Bob Wheeldon
PO Box 140
WENTWORTH NSW 2648
(03) 5027 2325

Mr David Wilcox
54 Broome Street
COTTESLOE WA 6011
(08) 9384 1464
dgwilcox@cygnus.uwa.edu.au

Mr Andrew White
Heytesbury Beef
PO Box 720
PARAP NT 0804
(08) 8982 9999
0427539465

Mr Paul Williams
Sturt Vale Station, PO Box 15
BURRA SA 5417
(08) 8892 8655
0422385575
sturtvalestn@bigpond.com

Mr Trevor Whitelaw
SANTOS Ltd
91 King William Street
ADELAIDE SA 5000
(08) 8218 5172
0438830323
trevor. whitelaw@santos.com

Mr Tony Williams
GABCC - Champions of the GAB
GPO Box 2454
BRISBANE QLD 4001
(08) 8670 7961
mountbarrystation@bigpond.com

Dr Grant Whiteman
Australian Landscape Trust
Calperum Station
PO Box 955
RENMARK SA 5341
(08) 8595 7359
0403499060
grantw@austlandscapetrust.org.au

Dr George Wilson
RIRDC
15 National Circuit
CANBERRA ACT 2600
(02) 6281 2160
0418236575
georgewilson@awt.com.au
Mr Mateusz Wolnicki
University of Western Sydney
PO Box 142
CUNNAMULLA QLD 4490
(07) 4655 0354
0438698578
paroo@gmx.net

Mr & Mrs Sharryl & Michael Whiting
CSIRO
20 Duggan Drive
ALLIGATOR CREEK QLD 4816
(07) 4778 8471
0448538526
mwhite@bigpond.net.au
Mr Angus Whyte
Wyndham Station
via WENTWORTH NSW 2648
(03) 5027 0230
wyndham2@bigpond.com

Mr Philip Young
14 Penong Street
HYDE PARK SA 5061
(08) 8357 9567
0438110946
pmyoung@ozemail.com.au

Mr Roger Wickes
Pastoral Board
PO Box 3080
MURRAY BRIDGE SA 5253
(08) 8535 4399
0417056584
roger.wickes@gmail.com

Ms Rachael Young
SML NRM Board
PO Box 2430
PT AUGUSTA SA 5700
(08) 8648 5985
0425284573
rachael. young@saalnrm.sa.gov.au
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